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THERE ARE TWO VOLUMES 
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General Introduction 


Analog Devices designs, manufactures, and sells worldwide 
sophisticated electronic components and subsystems for use in 
precision measurement and control. More than six hundred 
standard products are produced in manufacturing facilities located 
throughout the world. These facilities encompass all relevant 
technologies, including bipolar, I7L, CMOS, and hybrid integrated 
circuits—and assembled products in the form of potted modules, 
printed-circuit boards, and instrument packages. 


State-of-the-art technologies have been utilized (and, in many 
cases, invented) to provide timely, reliable, easy-to-use advanced 
designs at realistic prices. More than fifteen years of successful 
applications experience and continuing vertical integration insure 
that these products are oriented to user needs. The continuing 
application of present state-of-the-art and the invention of future 
state-of-the-art processes strengthens the leadership position of 
Analog Devices in data-acquisition products. 


MAJOR PROGRESS 

Since the publication of our one-volume Databook, Data Acquts- 
ition Components and Subsystems Catalog, in 1980, more than 60 
significant new products have been introduced. They are identified 
by bullets (@) in the Index and in the table of contents for each 
section of this Databook. The sheer mass of new products, the 
impressive volume of technical data on our large and rapidly 
growing line of precision integrated circuits, and the increasing 
diversity of our modular and subsystem product lines for precision 
data acquisition and control have led us to take the logical step 
of dividing the Databook into two Volumes, retaining within 
each the functional organization that our customers have found 
so useful. 


INTEGRATED CIRCUITS 

The list of product-category “bleed tabs’? opposite the ““How to 
Find It’? Guides on the inside front cover of this Volume is a 
functional summary of our integrated-circuit and hybrid compo- 
nent and subsystem product classes. The complete Index, starting 
on page 2-1, provides a detailed alphanumeric panorama of 
products and functions, irrespective of technology, appearing in 
either or both Volumes of this Databook. 


Among the most significant of our new products, in terms of 
both user applications and advancement of the technology, are 
the monolithic 16-bit AD7581 CMOS D/A converter; the 
monolithic 8-channel 8-bit AD7581 CMOS data-acquisition 
system with data continuously available in 8 channels of on-board 
memory; the AD547 family of monolithic drift-trimmed high- 
performance FET-input op amps and its AD647 matched-dual 
version; the AD7528 monolithic dual D/A converter; the high- 
performance AD293/294 hybrid isolation amplifiers, based on an 
ingenious thick-film printed transformer and a significant advance 
in isolator circuit design; and the »~MAC-4000 Intelligent Single- 
Board Data-Acquisition System and its high-performance plug-in 
analog signal conditioners—with available software for using 
popular micro- and minicomputers as host computers. 


TECHNICAL SUPPORT 

Analog Devices offers extensive technical literature, which dis- 
cusses the technology and applications of products for precision 
measurement and control. Besides comprehensive data sheets, of 
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which there are many outstanding examples in this book, we 
offer Application Notes, Application Guides, Technical Hand- 
books (at reasonable prices), and two serial publications: Analog 
Productlog which provides brief information on new products 
being introduced, and Analog Dialogue, our technical journal, 
which provides-in-depth discussions of new developments in 
analog and digital circuit technology as applied to data-acquisition 
and control. We maintain a mailing list of engineers, scientists, 
and technicians with a serious interest in our products. In addition 
to data-book catalogs—such as this one—we also publish several 
short-form catalogs, including a Short-Form Guide to our entire 
product line. You will find our publications described on page 
1-15 at the back of the book. 


SALES OFFICES 

Backing up our design and manufacturing capabilities and our 
extensive array of publications is a network of sales offices and 
representatives throughout the United States and most of the 
world. They are staffed by experienced sales and applications 
engineers, and many of them maintain a local stock of Analog 
Devices products. Our Worldwide Service Directory appears on 
pages 1-16 and 1-17 at the back of the book. 


STANDARDS 

Many products comply with MIL-STD-883B and/or other cus- 
tomer requirements. Analog Devices Semiconductor has complete 
capabilities for 100% screening of devices per Methods 5004 and 
5005 of MIL-STD-883B; generic data is available on many of 
our products. Our CMOS facility in the Republic of Ireland has 
received plant approval from the European standardization 
authority; its quality-assurance procedures and capabilities have 
met the standards of CECC (CENELEC Electronic Components 
Committee), which are essentially compatible with what are 
known in the U.S.A. as MIL-M-38510 and MIL-STD-883B. A 
summary of our IC quality assurance procedures appears in 
Section 19 of Volume I. 


PRODUCTS NOT CATALOGUED HERE 

On page 1-3, at the back of this book, you will find a table 
listing the sections (bleed tabs) to be found in the other Volume 
of the Databook. In the pages that follow it, you will find Selection 
Guides listing salient characteristics of products in categories 
that are to be found exclusively in that volume. 


For maximum usefulness to designers of new equipment, without 
unwieldy size, we have limited the contents of the Databook to 
products most likely to be used for the design of new circuits 
and systems. If the data sheet for a product you are interested 
in is not in either Volume turn to page 1-13, at the back of this 
book, where you will find a list of older products for which data 
sheets are available upon request. On page 1-14 you will find a 
guide to substitutions for products no longer available. 


PRICES 

At Analog Devices, we recognize that accurate, up-to-date prices 
of our products are an important consideration in making a 
choice among the many available product families. However, 
since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices. 


(this section continues at the back of the book) 
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Alphanumerically by Product 
Alphabetically by Function 


PRODUCT OR FUNCTION ; Vol. I Vol. II 
AC2626 General-Purpose Temperature Probe ........ fa Bae ED oat. ECB aT ACES 9-5 
AD 101A General-Purpose Low-Cost MIL-Temp IC Op Amp ,.............-. 4-17 
AD 201A General-Purpose Low-Cost Industrial-Temp IC Op Amp .............. 4-17 
@AD293 Hybrid Industrial Isolation Amplifier .. 2... 20... 0. ee ee ee ee ee 5 - 27 5-7* 
@AD294 Hybrid Medical Isolation Amplifier ...........0.0 0.22 eee eee eee 5 - 27 5 7* 
AD 301A General-Purpose Low-Cost Commercial-Temp IC Op Amp... ........... 4-17 
AD 301AL Low-Drift, Low-Cost Commercial-Temp IC Op Amp .............. 4-17 
®AD 346 High-Speed Sample-and-Hold Amplifier ...........0. 2.002 eee enue 14-7 
AD362 Precision Sample-and-Hold with 16-Channel Multiplexer ............... 15 — S5* 15-5 
AD363 Complete 16-Channel 12-Bit Integrated-Circuit DAS .............00005 I5-—13* 15-9 
AD364 Fast, Complete 16-Channel .P-Compatible 12-Bit DAS ...............2. 15 — 25* 15 - 13 
r AD 370/371 Complete Low-Power 12-Bit D/A Converter ............-. plete oe Se 10-11 
Bele s x @AD 380 Wideband Fast-Settling FET-InputOp Amp...... Negteackiode Sstisl at he, Wi, rach 4-21 
rr @AD 381 High-Speed Low-Drift FET-InputOp Amp ...............00004 .. 4-23 
@AD 382 High-Speed Low-Drift FET-InputOp Amp .............. Sade oS phan 4-25 
@AD 390 Quad 12-Bit pP-Compatible D/A Converter .......0...0 0.0 eee eee 10 - 15 
ADS503 High Accuracy Low-Offset FET-Input IC Op Amps .............-.045 4-27 
ADS504 High-Accuracy IC Operational Amplifier .......0.... 0.2.00 eee eee 4-31 
ADS506 High-Accuracy Low-Offset FET-Input IC Op Amps .............028. 4-27 
ADS07 IC Wideband Fast-Slewing, General-Purpose IC Op Amp... ............. 4-39 
‘-AD5S09 High-Speed Fast-Settling IC Op Amp... 2... 2. eee ee ee 4 - 43 
ADS10 Low-Cost, Laser-Trimmed, Precision IC Op Amp ............002000% 4-47 
ADS15 Precision, Low-Power FET-Input Electrometer Op Amp ...........200-% 4-51 
ADS17 Low-Cost, Laser-Trimmed Precision IC Op Amp ............00 00005 4-57 
ADS518 Low-Cost, High-Speed, IC Operational Amplifier... ............0024. 4 - 63 
ADS521 IC Precision Instrumentation Amplifier .. 2... 2... 0... eee ee ee 5-9 
ADS522 High-Accuracy Data-Acquisition Instrumentation Amplifier ............. 5-15 
ADS524 Precision Instrumentation Amplifier... . 1... ee ee ee 5-19 
ADS32 Internally Trimmed Integrated Circuit Multiplier... ............020.4 6--11 
AD533 Low-Cost IC Multiplier, Divider, Squarer, Square-Rooter .............0. 6-i7 
_ ADS534 Internally Trimmed Precision IC Multiplier... .....0.0.0.......000004 6-21 
ADS535 Internally Trimmed Integrated-Circuit Divider ............0. 00080 6 -— 29 
ADS536A Integrated-Circuit True-RMS-to-DC Converter .............000004 7-7 
ADS537 Integrated-Circuit Voltage-to-Frequency Converter ............0.000004 12-7 
@AD539 Wideband 2-Channel, 2-Quadrant, Log-Linear Multiplier... .........0.. 6 - 35 
ADS540 High-Accuracy, Low-Cost, FET-InputOp Amp .................04. 4-67 
ADS542 Precision Low-Cost BIFET Op Amp ............2.0 0000 ce eevee 4-71 
ADS544 High-Speed Implanted FET-InputOp Amp. ..............0000004 4-77 
ADS545 Precision, Low-Drift FET-InputOp Amp .............000000008 4 - 83 
@AD547 Ultra-Low-Drift BIFET Operational Amplifier .................00. 4 - 87 
ADS558 DACPORT™ Low-Cost Complete P-Compatible 8-Bit DAC ............ 10 - 17 
Interfacing the AD558 to Microprocessors (Application Note) ............... 21 - 31 
ADS561 Low-Cost 10-Bit Monolithic D/A Converter... ...........0.2000004 10 - 25 
AD362 IC 12-Bit DIA: Converter | 3.9 face woke ee le eS de 6 A OSes BRL 10 — 33 
AD563 IC 12-Bit D/A Converter with Reference .............000 00 ee eee 10 - 33 
ADS565 Complete High-Speed 12-Bit Monolithic D/A Converter ............... 10 - 39 
@AD565A Complete High-Speed 12-Bit Monolithic D/A Converter. .............. 10 - 43 
AD566 Low-Cost High-Speed 12-Bit Monolithic D/A Converter ............... 10-51 
@ADS566A Low-Cost High-Speed 12-Bit Monolithic D/A Converter .............. 10 - 55 
AD567 Microprocessor Compatible 12-Bit D/A Convert ................... 10 - 63 
ADS570 Low-Cost Complete IC 8-Bit A/D Converter ...............2.0000. 11-11 
ADS571 Integrated-Circuit 10-Bit A/D Converter... ...........000 00 ee eae 11-15 
ADS572 12-Bit Successive-Approximation IC A/D Converter... ............000% 11 - 23 
@AD573 Fast, Complete 10-Bit A/D Converter with wP Interface ............... 11 - 31 = 
@AD574A Fast, Complete 12-Bit A/D Converter with wP Interface .............. 11 - 39 
ADS78 Very Fast, Complete 12-Bit A/D Converter .............000000004 11 - 47 
@ADS579 Very Fast Complete 10-Bit A/D Converter .............000 0c aee 11 - 53 
ADS80 High Precision 2.5-Volt IC Reference ............0.. 000 e eee pte ee eS 
ADS81 High Precision 10-Volt IC Reference ...........0. 0000 ee eeaeea 8-9 
AD582 Low-Cost Sample/Hold Amplifier ...........0.... 0008 “.. 14-9 
ADS583 IC Sample-and-Hold, Gated Op Amp ...............00 0 eee eeae 14 - 13 
ADS584 Pin-Programmable Precision Voltage Reference ........... Oe Seca Pity ee 8-15 
ADS89 Two-Terminal IC 1.2-Volt Reference ..............000 cee eeeaa 8 - 21 
AD590 Two-Terminal IC Temperature Transducer ...............000000 9 — 5* 9-7 
AD612/614 Self-Contained Wideband High-Performance Instrumentation Amplifier .... . 5 - 23 
AD636 Low-Level True-RMS-to-DC Converter... 2.0.0.0... 000 eee eee nes 7-13 


tFunctions are listed alphabetically and are intermixed with products listed in alphanumeric order. Products with numerical model numbers 
or prefixes follow at the end of the alphabetic listing. 
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Vol. I Vol. II 


@AD644 Dual High-Speed Implanted FET-InputOp Amp.............. anodes 4-99 
@AD647 Ultra-Low-Drift Dual BIFET Op Amp .............02. 022s eevee 4-105 
AD650 Voltage-to-Frequency and Frequency-to-Voltage Converter ..........008.- 12 - 15 
@AD673 Fast, Complete 8-Bit ADC, with pP Interface... ....... 2.02.2. eee eee 11-59 
AD 741J/K/L/S Lowest Cost High-Accuracy IC Op Amps ........-.-.-+-2+0005 4-111 
AD 1403/1403A Low-Cost Precision 2.5-Volt IC Reference ..........-.2.-000005 8 — 25 
AD 1408 8-Bit Monolithic Multiplying D/A Converter ..........-0220 00000 10-71 
AD 1508 8-Bit Monolithic Multiplying D/A Converter... 2... 2 eee ee ee ee 10 - 71 
AD2004 4 1/2-Digit DPM for System Applications ............- 5.0002 e eee 16 - 13 
AD2006 AC-Powered 3 1/2-Digit DPM with Sperry Display ..............2+04 16-15 
AD2009 3 1/2-Digit Line-Powered Digital Panel Meter... 2... eee eee ee ee 16-19 oS niet 
AD2010 Low-Cost 3 1/2-Digit DPM for OEM Applications. ...............-- 16 - 23 eae f 
AD2016 Low-Cost 3 1/2-Digit Line-Powered DPM with LED Display ......... to Sack 16 - 27 a < 
AD2021 Low-Cost 3 1/2-Digit Logic-Powered DPM with LED Display ........... 16 - 31 
AD2024 Line-Powered 4 1/2-Digit DPM with LED Displays ................- 16 - 33 
AD2025 Line-Powered 4 3/4-Digit DPM with LED Displays ................0. 16 — 37 
AD2026 Low-Cost 3-Digit Analog-Panel-Meter Replacement ..............64- 16 - 41 
AD2027 Logic-Powered 4 1/2-Digit DPM with LED Displays ..............+.4. 16 — 33 
AD2028 Logic-Powered 4 3/4-Digit DPM with LED Displays ...............-. 16 - 37 
AD2033 True-rms/dB Multirange Line-Powered 3 /2-Digit DPM .............- 16 — 43 
AD2036 6-Channel Scanning Digital Thermocouple Thermometer .............- 16 — 47 
AD2037 6-Channel Scanning Digital Voltmeter... 2... 2.2... 200.202 ee ee eves 16 — 49 
AD2038 6-Channel Scanning Digital Thermometer ..............2. 0020 ee ee, 16 — 49 
AD2040 Low-Cost Temperature Indicator for ADS90 Sensor .. 2.1... ....-0-0006- 16 - 51 
@AD2050 Intelligent Thermocouple Meter for User-Specified Sensor... ........... 16 - 55 
@AD2051 Intelligent Thermocouple Meter for User-Selected Sensor ..........-.-- 16 -— 55 
AD2700/2702 +10-Volt Precision Reference Series ........-...2. 2-202 ee eee 8 - 29 
@AD2710 + 10.000-Volt Ultra-High Precision Reference Series... ......-.-..-0.06- 8 — 33 
e@AD 3554 Wideband, Fast-Settling, FET-InputOp Amp ...............+0.2-- 4-115 
@AD 3860 Complete Voltage-Output 12-Bit DAC . 2... 1... ee ee 10 - 75 
AD 5200 12-Bit Successive-Approximation High-Accuracy ADC ..............-. 11 - 63 
@AD 5210 12-Bit Successive-Approximation High-Accuracy ADC ..............-. 1] - 67 
@AD 5240 Very Fast Complete 12-Bit A/D Converter ..... 2.2... 0... ee eee ene 11 - 73 
AD7110 CMOS Digitally Controlled Audio Attenuator... 1... 0.2.0.2 20 eee 10 - 79 
®AD7111 LOGDAC™ CMOS Logarithmic D/A Converter ..........002 00 eee 10 - 85 
®AD7118 LOGDAC™ CMOS Logarithmic D/A Converter ... . Aes ai ati dh GTie Se Me, Os 10-91 
AD7501 CMOS 8-Channel Multiplexer 2... 2... 2... eee ee ee ee ee 16-5 
AD7502 CMOS Dual 4-Channel Multiplexer 2... 0... 2. eee ee ee ee ee 16-5 
AD7503 CMOS 8-Channel Multiplexer... 2... 2... ee ee ee es 16-5 
AD7506 CMOS 16-Channel Multiplexer... 2. 2. ee ee ee 16-9 
AD7507 CMOS Dual 8-Channel Multiplexer 2... 2... ee ee ee 16-9 
AD7510DI Dielectrically Isolated CMOS Quad SPST Switches .......... gto MOR 16 - 13 
AD7511DI Dielectrically Isolated CMOS Quad SPST Switches ...............4.4. 16 - 13 
AD7512DI Dielectrically Isolated CMOS Dual SPDT Switches... ............. 16 — 13 
AD7520 CMOS 10-Bit Monolithic Multiplying D/A Converter ............0.2.6. 10 - 97 
AD7521 CMOS 12-Bit Monolithic Multiplying D/A Converter ............2004 10 - 97 
AD7522 CMOS 10-Bit Buffered Multiplying D/A Converter ............6--2+0- 10 - 105 
AD7523 CMOS 8-Bit Multiplying D/A Converter... 2... 0.02.0. eee eee eee 10-111 
AD7524 CMOS 8-Bit Buffered Multiplying DAC ............-. 022s eee 10 —- 115 
AD7525 3 1/2-BCD Monolithic CMOS Digitally Controlled Pot ............2.-- 10 - 121 
@AD7527 CMOS 10-Bit (Systems) D/A Converter .........0..2. 2.20.0 ee eevee 10 — 127 
@AD7528 CMOS Dual-8-Bit Buffered Monolithic Multiplying DAC .............. 10 — 139 
AD7530 CMOS 10-Bit Monolithic Multiplying D/A Converter .............6.. 10 — 147 
AD7531 CMOS 12-Bit Monolithic Multiplying D/A Converter .............26-- 10 - 147 
AD7533 CMOS Low-Cost 10-Bit Multiplying DAC ..............-5+.2-0008- 10 - 15] 
AD7541 CMOS 12-Bit Monolithic Multiplying DAC ...............2.00005 10 - 157 
@AD7541A CMOS 12-Bit Monolithic Multiplying DAC ................-008% 10 -— 163 
AD7542 Microprocessor-Compatible 12-Bit DAC ... 2... 0... ee ee ee ee ee 10 — 165 
AD7543 CMOS Serial-Input 12-Bit DAC .. 2... . 0... eee ee ee ee ee 10 — 173 
@AD7544 CMOS 12-Bit 6-Word FIFO D/A Converter ...........-.2.02 +0200 ee 10 - 181 
@AD7545 CMOS 12-Bit Buffered Multiplying DAC ......... Sete tee Caen ete a 10 — 189 
@AD7546 CMOS 16-Bit Multiplying DAC .. 2... 2... ee ee ee ee es 10 - 197 
AD7550 CMOS 13-Bit Monolithic A/D Converter. .............6-. ee 11 - 81 
@AD7552 CMOS 12-Bit-Plus-Sign Monolithic A/D Converter ...........-2..200- 11 — 89 
AD7555 CMOS 4 1/2 — 5 1/2-Digit ADC Subsystem .............-22-0+2005 11 - 101 
AD7574 CMOS Microprocessor-Compatible 8-Bit A/D Converter... .........2.0.-.- 11 - 113 
@AD7581 CMOS yP-Compatible 8-Bit 8-Channel DAS... 2... 2... ee ee ee ee 11- 121° 
@AD7590DI DI CMOS Latched Quad SPST Switch ............ 0.200220 eee 16 - 21 
@AD7591DI DI CMOS Latched Quad SPST Switch ............0.2.-22 020005 16 - 21 
@AD7592DI DI CMOS Latched Dual SPDT Switch ...... ee ee ee 16 - 21 
AD ADC80 12-Bit Successive-Approximation IC A/D Converter .............0.4.- 11 - 129 


e®AD ADC84/85 Fast, Complete 12-Bit A/D Converters ........... 000050 ee 11 - 137 
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ADC1130/1131 14-Bit High-Speed Analog-to-Digital Converters ...........-2... 11-145 11-11% 
@ADC1140 Low-Cost 16-Bit A/D Converter... 2... 0... ee eee ee ee ee 11-147 11-15* 
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A/D Converters 
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in Intelligent Single-Board Data Acquisition Subsystems ............-02000. 18-1 
BP MACS YIM «25 fess as Sh Sena sae Waic tS Ginp Bega We Sensis ta gs alent Seda eae @ oop Re ge 19-1 
in Microcomputer Analog I/O Cards (RTIs).. 2... 2. ee ee ee te 17-1. 
Monoltne Chins: 0x ¢ 8-4. a oie ooo Oe eae eee dvs an eI sean a ae ae 17-1 
Sample/Track-Hold Amplifiers for 2... i. ee es 14-1 14-1 
HPESUSYSCEMIS TOR 3 oy ice Se wt hs aha a we Sal BAG. Soap tune gate bee eee B 18 - 1 20-1 
Voltage Referencessfor sa... say Anas & Glas ole ewe he a eS IG SE RES ‘. 8-1 
ADCs. "see AD Converters: oso. ink asta ets eg ok A do oe FW la cea Rae HPO ae 
pie AD DAC-08-Bit Monolithic High-Speed Multiplying D/A Converter ............. 10 - 205 
aes @AD DAC71/72 High-Resolution 16-Bit D/A Converters... 0.0.0... ee eee 10 - 21f 
AD DAC80 Low-Cost 12-Bit IC D/A Converter... 1... 10 - 215 
AD DAC85 High-Performance 12-Bit IC D/A Converter ............02. 00008 10 — 223 
AD DAC87 Wide-Temperature-Range 12-Bit IC D/A Converter ...............4 10 - 231 
@AD DAC100 10-Bit Monolithic D/A Converter ........... 00 0c eevee ec ues 10 — 235 
ADG 200 DI CMOS Protected Dual SPST Analog Switch ..............02265 16 - 29 
ADG 201 DI CMOS Protected Quad SPST Analog Switch ............00000. 16 — 33 
@AD LH0032 Ultra-Fast FET Operational Amplifier... 2... ........2. 000000 4-117 
eAD LH0033 High-Speed Buffer Amplifiers ............. Pe ee ee 4-121 
AD OP-07 Ultra-Low Offset-Voltage Op Amp ........... 0.2.00 ee eee eee 4-125 
@AD SHC85 Fast 0.01% Track/Sample-Hold Amplifiers ...........0.0.2.2 0000: 14-17 
@AD SHM-5 Ultra Fast 0.01% Track/Sample-Hold Amplifiers ..............204 14-21 14 -7* 
AD VFC32 V/F-and F/V Converter’ 204.666 3 ea Re He Re ea ae Oe ye ee 12-17 
Amplifiers, Instrumentation 
APDUCAUONS: cae 5c eS Boe eh yA ein ae ek okt aa an ous eh ane oe GMS ee 21-21 
AS COMPONENUS 2 tea 2 deca A Be rg ake cule gia Oech See ah ae lar pe wk ae Se se Sei" 1-4 
in Data-Acquisition Subsystems . 2... 1... 1S-1 1S-1 
in Digital Panel Instruments .... 2... 0 2p eee ee 16-1 
in Intelligent Data Acquisition Systems .. 1... 0... ee ee es 18-1 
in MACSYM Measurement And Control SYsteMs ............2.0 02 eee 19-4 
in Microcomputer Analog I/O Subsystems (RTIs).. 2... 0. eee ee ee ee 17-1 
Monolithic CHIpS*, <> wae tena: Ac Be wk i a a de ea eee Po 17-1 
I Siena) COnGitiONers 6) sa Seg. SS ea ewe a A Bick Bw a BE A we Ow 9-1 
*TESt SY SICUNS TOE Gc 4. Ung siek x eas ete BAe Be, eet oS ean ek ae ae ew 18-1 20-1 
Amplifiers, I.C., Guide to Decoupling, Grounding, etc... . . pai ig. Sh eg Asean teed eee? stl: Ae ene 21 - 13 
Amplifiers, Isolation 
as Components ............004 ite Sent de, Ge ht a Ae US hh Sate shy ets da 5-1 5-1 
in Data-Acquisition Subsystems ... 2. 1... IS -1 1S-1 
in Digital Panel Instruments ... 2... 0. eee ee ee 16-1 
in Intelligent Data Acquisition Systems ........... 0.0000 e eee eee 18-1 
Isolated Op Amp, see 277 
in MACSYM Measurement And Control SYsteMs ...........0.0 0.0008 eee 19 - 4 
in Sigtal Conditioners: co a4. lav do Ge Bait i eT AR wee Oe we aw 9-1 
Amplifiers, Operational’ ,...2 4640 2 HSE SS RO Ge Ok ee ee ew 4-1] 4-1 
How to Select (Application Note) . 2... ee ee ee ee 21-3 
How to Test Basic Parameters (Application Note) ....... Mine acti tulin OSS th tee o9 sk os 21-9 
Isolated, see 277 
Monolithic Chips ...........-. io Bene so Gocdn te lh ast Aula Ma Gad, Aen AC Amare 17-1 
Ch ESE SYSLOUNS. LOU 2 ix sree: ete Sag abe AUS, aR Te le php ean INE DE oh Ue eu wed & 18 - 1 20-1 
Amplifier, Power, Synchro/Resolver .. 2... ..0.0.00 0 eee ee ee ee ee 13-1 
Analog Computational ICs .............. Bie cap Oat d an aey alba: eas oi he 6-1 
Analog Devices Sales Offices 2... 1. De ee ee ee 1 - 16 1-10 
Analog Devices Technical Publications .......... fe Pe Sach 98 as he Bene, Be A 1-15 1-9 
Analog I/O Subsystems 
Data-Acquisition Subsystems as Components ...........0. 00008 ee eee w1S-1 IS-1 i 
Digital Panel Instruments © x: oad sek oe ate Gi we Ma Se A ok ee rw i as 16-1 i 
Intelligent Measurement and Control Subsystems (uMAC-4000) .............. 18-1 
MACSY IM VO" Cards: 3 init sp cans Sebago Sas hia Been Eo etca-d S 19-4 
Microcomputer Analog I/O Boards (RTIs) ...........0 0000 ce eee eens 17-1 
Analog-to-Digital Converters, see A/D Converters 
Anglos Ampaniees? nic nue. ae toe Bae hae ae Wk aa awe GOES areca oe eel es 6-1 8-1 
see also Logarithmic D/A Converters ........... 00000 cue eeeeeeease 10-1 * 
@API1620/1718 Synchro/Resolver Angle-Position Indicator Displays .............. 13-5 
Application Notes, LinearICs ... 2... 2. ee ee ee ee .. 21-1 
Chips, Monoutnic 2 <i oS £4 he ek a See PRN Ee oe eee eee 17-1 
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Vol. I 
CMOS D/A Converters ........02.5- 02000 severe ee ee ee ee ee 10-1 
Application. Notes. g :5:.%- eco es bn ek Hee eR ee Bade wre Ge Goal BS eR ae 21-41 
CMOS Switches and Multiplexers . 2... 1. 1. et et et ees 16 - 1* 
Application Note - oe osteo ae ote ik, 69 OR Oe A we aA ag Bi ee! ew 21-41 
Cold-Junction Compensators, Thermocouple 
in’ Signal Conditioners 33 4.3. be ace Sa aoa Be we ee Ree as, SO eee Re es 
in’ Digital-Panel Instruments: (sc. .c. 6a 6 Wow we a ee Ee Ee OS 
in MACSYM Measurement And Control SYsteMs .... 6... 2.2. - eee ee eee 
in »MAC Intelligent Measurement and Control Systems ... 2... 2.2.50. e ee eee 
Compensators, Cold-Junction, Thermocouple, see Cold-Junction 
Computational Circuits, Analog, see also: 2. 6 6 oe es 6-1 
Antilog. Amplifiers: 34+ & 4. sie doe te OS Be Oe Hels ee 6-1 
Dividers, Analog. 435 @ ac) g25 aoe ae BES ae ae EE ERR ee 6-1 
Logarithmic: Amplifiers: 2 2.4.6. G.als: Qieo.8 ogden ek oS ble Bis ae AS A ENS 6-1 
Multipliers, Analog ..........-.20004 Pilad cai: GS fe eee Go Ni Gap onde de. etal og ee 6-1 
Powers and Roots. 4 4 ny ks Scene Wks ok Gia d Ew eee oe Rb oe OER SH 6-1 
Squaring 0.5 4 a ew eee eas Dita eae Sh he tee dae ke Sh Ae ean os His A a Ao td 6-1 
Square Rooung® << 4-100 4. Geeks fon Boel Se ae Bee ae Raa a ee 6-1 
Computer-Based 
Data Acquisition (uMAC-4000) ...........0.-. Fas die SG oa Aad tae hte ae er ca Se 
Measurement And Control SYsteMs (MACSYM) ...........2.. 00202 ee eee 
Test Systems for Linear ICs s.6:5:403 eek we BS Se EE ae Ew oe PE PRR 18-1 
Conditioners, Signal, as Components, see also: 2... ee et es 1-4 
Instrumentation Amplifiers . 2... 6 0 ee ee ee te ee ew ee 5-1 
Isolation: Amplifiers: jo. sound 4 he eee SO ee SE ee a Se a we 5-1 
Data-Acquisition Subsystems ............0022+ I Be ps Noe acta pes Ae Onl ta a ah 1S-1 
Digital Panel Instruments « .... 6060600 66-6 a ee eS 
MAC Intelligent Single-Board Meas. & Control Subsystem ...........-2.204. 
MACSYM Computer-Based Measurement And Control SYsteM ...........05- 
Converters, Anslog-to-Digital ei °s Go oe ek a he eee WES A ee we ee 11-1 
Converters; DCC + 6. cs cde aera ea AG cae hs Ee ee ea ae Dc dinenans eser Be aided 1-11 
Converters, Digital-to-Analog .............0+-8- alle SHED as a oranda al 10-1 
Converters, Digital-to-Angle . 2... 1 0. ee ee ee ee ee 13-1 
Converters, Digital-to-Resolver ........ mciaside wire 5B ‘sexoe wis sar ec xGiotaa oes he aes whe saga 13-1 
Converters, Digital-to-Synchro ... 6.6. 0 0 ee ee ee ee 13-1 
Converters, Frequency-to-Voltage .. 2.6... ee ee ee ee 12-1 
Converters, Inductosyn-to-Digital .. 6.2... . ee ee ee ee ee ee 13-1 
Converters, Resolver-to-Digital 2... 6. ee ee ee ee ee ee ee 13-1 
Converters, RMS-to-DC . 0.1 0 ee eee eens Ee heal 
Converters, Synchro-to-Digital . 2... 6 ee ee ee et 13-1 
Converters, Voltage-to-Current, see Signal Conditioners 
Converters, Voltage-to-Frequency .. 1.6... eee ee ee ee ee ee ee 12-1 
DAC-08 (see AD DAC-08) 
DAC71/72 (see AD DAC71/72) 
DAC80 (see AD DAC80) 
DAC85 (see AD DAC85) 
DAC87 (see AD DAC87) 
DAC100 (see AD DAC100) 
DAC1106 8/10-Bit-Resolution High-Speed D/A Converter ............-02206. 
DAC1108 12-Bit-Resolution High-Speed D/A Converter ...........--2-22000% 
DAC1136 High-Resolution 16-Bit Digital-to-Analog Converter ............ . . . 10-243 
DAC1138 High-Resolution 18-Bit Digital-to-Analog Converter .............025 10 — 243 
DAC1420 8-Bit D/A Converter with 4-to-20mA Output... ..........02.0220805 10 — 245 
DAC1422 10-Bit D/A Converter with 4-to-20mA Output .............002065 10 — 245 
DAC1423 4-to-20mA Output 10-Bit Isolated D/A Converter .............0.262- 10 — 247 
DACs, see D/A Converters 
D/A Converters 
Application Notes for CMOS DACs. ... . hig AN GUS aD Bia ah ee SLO aw WO eee 21 - 41 
as COMPONEHIS: <4).53. is Ble OR ASR MSE REE RES ESSPE OES eM ee 10-1 
Interfacing the AD558 DACPORT™ to Microprocessors ..........-20000% 21 - 31 
Logarithmic: DACs: gs acu ore ae Se sa I See UD OA 10-1 
MACSYM Measurement And Control SYsteM (Analog Output Cards) ........... 
Microcomputer Analog I/O (Output) Subsystems ... 2... .... 2.0.2. eee eee 
Monolithic Chips: {60°34 deste 4 oe Seed eek, oe, Bek ee ee ee eS 17-1 
DAS1128 Low-Cost High-Speed Data-Acquisition Subsystem .............+0004 15 - 37 
@DAS1152 14-Bit Sampling A/D Converter... 6. 2. et ee es 15 - 39 
@DAS1153 15-Bit Sampling A/D Converter .............. ti ib ste oat Ag? Bho at 15 - 39 
@DAS1155 14-Bit Low-Level Data-Acquisition System ..........2.-.2.22.+ 20 ae 15 - 41 
@®DAS1156 15-Bit Low-Level Data-Acquisition System ............2.+02.02000- 15 - 41 
Data-Acquisition Cards 
Microcomputer Analog I/O Subsystems (RTIs) ... 2... 2... ee ee eee ee ees 1-9 
MAC Intelligent Measurement and Control Subsystems ..........-.02-0206 
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MACSYM Measurement And Control SYsteMs .. 2... 1 6. ee ee ee es 19-4 
Data-Acquisition ICs, see Vol. I listings of: 
A/D Converters, Analog Computational Circuits, CMOS 
Switches and Multiplexers, D/A Converters, Data- 
Acquisition Subsystems, Instrumentation and Isolation 
Amplifiers, Operational Amplifiers, RMS-to-DC Converters, 
Sample/Track-Hold Amplifiers, Synchro & Resolver Converters, 
Transducers, V/F Converters, Voltage References 


Data-Acquisition Subsystems as Components ... 2... 2... 2. ee ee eee ee eee ns 1S-1 IS-1 
DO/DC Converters. c oai3 Gs Ld eee Soda A Ene ee ae SS 1-11 21 -1* 
DG200, DG201 (see ADG 200, ADG 201) 
Digital Panel-Instruments: 30a hay 8 ae oe Ge Oe ER ee 1-6 16 - 1* 
Digital ‘Thermometers. ¢ «6:54 sk as ele eV wR RE ww ee So 1-8 16 - 1* 
Digital-to-Analog Converters... 6... oe ee ee ee ee ee 10-1 10-1 
Digital-to-Resolver Converters... 2... 1 ee ee ee es 13-1 13-1 
Digital-to-Synchro Converters...) i646 60s Se ee We ee i ee 13-1 13-1 
Digital Vector Generator: <b. co Seas eee ak a ee ee a ES, BS 13-1 13-1 
see also Application Note (Generating Waveforms & Vectors) .........-22+0005 21 - 43 
Digital Voltmeters, Scanning ... 2... 1. ee ee es 1-6 16 - 1* 
Dividers, Analog os.602. 2 @ r- Dae eee Gk te PRS Ge Sede OG ee Ewe 6-1 6-1 
DSC1705 14-Bit Digital-to-Synchro/Resolver Converter... 2... 2.0.2.2. ee eee - 13-9 
DSC1706 12-Bit Digital-to-Synchro/Resolver Converter .. 2... ....-.-0 0 ee eens 13-9 
DTM1716 14-Bit Digital-to-Analog Vector Generator... ........-002. 00 eevee 13 - 13 
‘DTM1717 12-Bit Digital-to-Analog Vector Generator ..........-2+0 20 eee eee 13 - 13 
Frequency-to-Voltage Converters .. 1... ee ee te ee ns 12-1 12-1 
HAS Series Ultra-Fast Hybrid Analog-to-Digital Converters ............00+0024 11 - 149 : 
e@HDD Series Hybrid Video Low-Glitch D/A Converters... ....... 2.002 ee eaee 10 — 249 
@HDD1206 12-Bit Deglitched Voltage-Output D/A Converter ............2.-0005 10 - 255 
HDG Series Hybrid Video Digital-to-Analog Converters ..........+0-202e005 10 - 259 
HDH Series 8-,10-,12-Bit Video-Speed Hybrid Voltage-Out DACs .............. 10 — 265 
HDS Series 8-,10-,12-Bit Video-Speed Hybrid Current-Out DACs .............. 10 — 265 
@HDS-0810E Ultra-High-Speed ECL Hybrid 8-Bit D/A Converter. .............. 10 - 269 
HDS-1015E Ultra-High-Speed ECL Hybrid 10-Bit D/A Converter .............. 10 - 269 
@HDS-1240E Ultra-High-Speed ECL Hybrid 12-Bit D/A Converter .............. 10 - 271 
HOS050/050A/050C Fast-Settling Video Operational Amplifier ................ 4-131 
@HOS100 Wide-Bandwidth High-Speed Buffer Amplifiers .............25000- 4 - 137 
HTC Series Ultra-High-Speed Track-and-Hold Amplifiers ..............0.262. 14 - 23 
HTS Series Ultra-High-Speed Track-and-Hold Amplifiers ...............200. 14 - 23 
Inductosyn™-to-Digital Converters... 0. ee ee ee ee en 13-1 13-1 
Instrumentation Amplifiers 2... 1... ke ee ee es pel 1-4 
Integrated Circuits (see Volume I) 
Application NOES 6m we Ge Bs eh ee oh de ede ai Bee aed’ er ae Gee pel a Oks Sap tee 21-1 
Monolithic Chips’ sie-2-erdiecia ae ba ace ae ae a ee OG 17-1 
Package Informauon ogo fit Spa ck ee EE, KAR ae ce ws A EE 20-1 
Qisality Assurance? 3.f ges Pee ad oO Soke ee Be a es he HS ee ek 19-1 
Test System, Computer-Based... 1... ee ee ee es 18-1 20 - 1 
Interface Boards, Microcomputer . 
Microcomputer Analog I/O Subsystems (RTIs) ........0.. 2.000 ee ee ee eae 1-9 17 - 1* 
MAC Intelligent Measurement and Control Subsystem ............-220004% 18-1 
©IRDC1730 Inductosyn/Resolver-to-Digital (Binary) Converter. .............000- , 13-17 
@IRDC1731 Inductosyn/Resolver-to-Digital (Pulses) Converter... .....0..20 000s 13 - 23 
Isolated Op Amps, see 277 
Isolated Signal Conditioners 
TSOLALOES as 82 25/4 Se ey, er we Deen Bd oak Biss G8) anh Oe ee OR aM Goeth S 5-1" §=4 
Sighal CONGINONEKS 2.5.0 M-Sat ie oh Ease Bo ved we So A a at Be as ce SR 1-4 9-1* 
see also sections 16, 17, 18, 19in Volume II 
Isolation Amplifiers, Isolators 2... 1... ee ee ee ee ee ee ee a oe | 5-1 
see also sections 9, 16, 17, 18, 19 in Volume II 
Linear-Circuit Testers, Computer-Based... 2... 1. ee ee 18-1 20-1 
HO Armiplitiers 12 fose te sas ads 9: cadre Sesat sas cat td Pay ce ta ake aCe eae seb ae ee Aa lb ee 6-1 8-1 
Log-Antilog Amiplifiers: <4 secu eee ee ie ers es BOR eb we Sb See's 6-1 8-1 
see also Logarithmic DACs in D/A Converter Section ............02.000006 10-1 10-1 
Log-Ratio Modules.~ s0 4.3 30 we oA atin ea Dos BS Seder ey Re EK bt as 6-1 8-1 
LTS-2000 Computer-Based Automatic Test System for Linear ICs .............-. 18 - 3 20-1 
LTS-2010 Computer-Based Automatic Test System for Linear ICs ............4. 18-4 20-1 
MACSYM Computer-Based Measurement And Control SYsteMs ..........3..0. 
ADIO Analog-Digital Input/Output Cards ............ 0000 eee eee eee 19-4 
MACSYM 2 Fully Integrated Measurement and Control SYsteM.............. 19-1 
MACSYM 10 Measurement and Control SYsteM for Industrial Applications ........ 19-2 
MACSYM 20 Low-Cost Intelligent Front End ............0.000 000 cease 19 - 3 
MAH-0801 Ultra-High-Speed 8-Bit A/D Converter ............00 00022 eae 1¥-153) 11-19% 
MAH-1001 Ultra-High-Speed 10-Bit A/D Converter .............0 000 eee 11-153 11-19% 
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MAS-0801 Ultra-High-Speed 8-Bit A/D Converter .........2. 2.22 ee eee eee 11-155 11+ 23* 
MAS-1001 Ultra-High-Speed 10-Bit A/D Converter .. 2... 2... 2. eee ee eee ee ee 11-155 11 -.23* 
MAS-1202 Ultra-High-Speed 12-Bit A/D Converter ...... he Tear Rees ARAM Sah, arlte Seco Beste 11-155 11-23* 
MATV Series 8-Bit Video Analog-to-Digital Converters ...........02. 020000] 11-157. 11-27* 
MDD Series Ultra-High-Speed Deglitched D/A Converters .............-0000- 10 - 23 
MDMS Series Ultra-High-Speed Multiplying D/A Converters... ..........200- 10-275 10-37 . 
MDS/MDSE/MDSL/MDH Series 8-,10-,12-Bit Video-Speed Current-Output DACs .... . 10 — 39 
Microcomputer Analog I/O Boards ...........-+-2+2004 eee ee are 1-9. 17 -1* 
“Micromac’’(MAC-4000) Intelligent Single Board Measurement 
and. Control Subsystem: cs &a%4-45 Jose Gi fe ae ate or 2. ok oe Oe ee eG 18 - 1 
MOD-1005 10-Bit Video A/D Converter... 2. 1. ee ee ee es 11-159 11-31* 
MOD-1020 10-Bit Video A/D Converter... 2... 2. ee ee ee 11-161 11-35* 
MOD-1205 12-Bit Video A/D Converter... 2... 1 2 ee ee ee 11-163 I1- 39% 
Monolithi@ Chips 3a a Rowse i eR el Sisks CO OS ee RE Dee Bobs 17-1 
Multichannel A/D Converters: . 0.4 au 4 eS ee we ee Bw eh Re Shas ll-1 
see also all listings under A/D Converters 
Multichannel Signal Conditioners . 2... 1 1 1 ee ee ee 1-4 9-1* 
see also Sections 16, 17, 18, 19 in Volume II 
Multifunction: Devices: 22.4.4 aoe ee bee ee PRE EON we OS EM OR OO es 6-1 6-1 
Multifunction;sModules a2.) soe ak ae wee eR A IE OOD REM Gee ROR Oe 6-1 
Multiplexed Signal Conditioners (see Signal Conditioners)... ......... 2.20000 1-4 9-1* 
Multiplexers) MOS 9.56 eee fo nc alte eas Ws ee Bel SG eA & Bie Peta ek cae aS 16 - 1* 1-6 
Multiplier/Dividers «+2 @3.4.-<% 2 S.n-2e BS Sw OR oe ee en BE SOL we oA ed 6-1 6-1 
Multipliers, Andlog 4:¢.4.4 34 a. ae Se Ss pe we ee ee ee Ee ee ee, ee 6-1 °6-1 
»MAC-4000 Intelligent Measurement and Control Subsystem... 2... .....2000- 18-1 
Operational Amplifiers (Op Amps) ... 1... 06. eee eee ee ee ee ee ee ee ns 4-1 4-1 
Operational Amplifiers, Isolated, see 277 
Package Information, Integrated Circuits . 2... 11. ee ee ee es 20-1 
Power Amplifier, Synchro/Resolver .. 1... 1 1 ee ee ee ee ee 13-1 
Powets and Roots 6 zw 4k hence ke ee eee ae wee fe Ror ee es Se ee Re ee 6-1 6-1 
Power Supplies ............ phar beck a Berg aa alah Hh cacay ane a a AE sae ae ep 1-11 21-1* 
see also Self-Powered 
Power Supplies; AGCIDC 1602 oe as We ek a ee a ee te ee a oe ek 1-11 21-1* 
Power. Supplies; DO/DG ono oe eS ES SO EM Be SR hae eh oe GA SS 1-11 21- 1* 
Power Supplies, Transducer Excitation .. 2... . eee ee ee ee 9-1 
Publications, Technical, of Analog Devices . 2... 0... ee es 1-15 1-9 
Quality Assurance, Integrated Circuits... ....... Gane evar ela eh Ree BG 19-1 
RDC1727 High-Resolution Resolver-to-Digital (18 Bits)... .........-...208- 13 - 49 e 
RDC1740/1741/1742 Resolver-to-Digital Converters... 2... 0... 0. eee eee eee 13-5 13 — 53* 
References, Voltage: gcc 23° x: ee BOG ee, BY Wd A Ae we Sie Be a SS ae ae 8 -— 1* 1-5 
Resolver Power Amplifier 2... 6 0 2 0 ee ee ew et es 13-1 13-1 
Resolver-to-Digital Converters... 6. 2 0. ee ee 13-1 13-1 
Resolver-to-Linear Converters . 2... 0 ee ee ee 13-1 13-1 
RMS-to-DG Converters: 4.4.4 2 oss ais ober ees PEM wee ee eee fae ES 7-1 7-1 
RTD Signal Conditioners, see Signal Conditioners 
RTI-1200 MULTIBUS-Compatible Combination Analog I/O Subsystem ........... 17-5 
RTI-1201 MULTIBUS-Compatible Analog Output Subsystem ................ 17-7 
RTI-1202 MULTIBUS-Compatible Analog Input Subsystem ................. 17-9 
RTI-1225 STD-Bus-Compatible Analog Input/Output Subsystem ............... 17-11 
@RTI-1226 STD-Bus-Compatible Analog Input Subsystem ................06. 17-11 
RTI-1230 Motorola-Compatible Analog Input Subsystem ..............-.000. 17 - 13 
RTI-1231 Motorola-Compatible Analog I/O Subsystem .............0.200085 17 - 13 
RTI-1232 Motorola-Compatible Analog Output Subsystem ..............+020-¢- 17 - 13 
RTI-1240 TM990/100M-Compatible Analog Input Subsystem... .............., 17 - 15 
RTI-1241 TM990/100M-Compatible Analog I/O Subsystem ..............008. 17 - 15 
RTI-1242 TM990/100M-Compatible Analog Output Board (4 DACs) ............. 17 - 15 
RTI-1243 TM990/100M-Compatible Analog Output Board (8 DACs) ............. 17 - 15 
RTI-1250 DEC-Compatible Analog Input Subsystem .............-02.0+02006 17-17 
RTI-1251 DEC-Compatible Analog I/O Subsystem ...........2. 00002 eee 17-17 
RTI-1252 DEC LSI-Compatible Analog Output Subsystem .................. 17 - 17 
@RTI-1260 High-Performance Analog-Input Card for STD Bus ................ 17-19 
@RTI-1261 High-Performance Analog-Output Card for STD Bus ..... eb Nae Baek. 17 - 19 
RTM Series 5VA Resolver Output Transformers .............2. 002500 See 13 - 27 
SAC1763 Synchro/Resolver-to-Analog Converter 2... 1... 2. ee ee ee ee ee es 13 - 31 
Sales Offices of Analog Devices . 2... 1. ee ee 1- 16 1-10 
Sample-Hold Amplifiers, see also A/D Converters... 2... 2... ee ee ee es 14-1 14-1 
Sample/Track-Hold Amplifiers, see also A/D Converters .. 2... 2.2.2... 000000 ae 14-1 14-1 
s SBCD1752 Synchro/Resolver-to-Digital (13 BCD + Sign), 0°C to +180°C .......... 13 - 35 
SBCD1753 Synchro/Resolver-to-Digital (14 BCD), 0°C to +180°C .............. 13 - 35 
SBCD1756 Synchro/Resolver-to-Digital (13 BCD + Sign), 0°C to 360°C ........... 13 - 35 
SBCD1757 Synchro/Resolver-to-Digital (14 BCD), 0°C to 360°C «2.2... 2... ..20.4. 13 - 35 
$DC1700 Synchro/Resolver-to-Digital (12 Bits) .. 2... . . eee ee 13 - 39 
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S$DC1702 Synchro/Resolver-to-Digital (10 Bits) . 1... ee ee ee ee ee 13 - 39 
SDC1704 Synchro/Resolver-to-Digital (14 Bits) .. 1... 0... .. 20 ee eee eee ns ; 13 - 39 
$DC1725 Synchro/Resolver-to-Digital (12 Bits), Low Profile ..............02-. 13 - 45 { 
$DC1726 Synchro/Resolver-to-Digital (10 Bits), Low Profile ..............+.. 13 - 45 
@SDC1727 High-Resolution Synchro-to-Digital (18 Bits)... 6... 2. ee ee ee ee ee 13 — 49 
@SDC1740/1741/1742 Synchro-to-Digital Converters ...........-.- a ee eee 13-5 13 — 53* 
Self-Powered Instruments, Subsystems, and Systems 
Digital Panel Instruments: oz. & i svavese ae eee Bie ear es oe ak ae a Os 16-1 
Signal Conditioners ........... Bei eben hit, a ce ania fd ay ath Bec airs y Sen hs 9-1 
Microcomputer Analog I/O Subsystems .... 2... 0. ee ee ee es 17-1 
MAC Measurement and Control Subsystems ...........-2.0+2. 0000 ee ee 18 - 1 
MACSYM Measurement And Control SYsteMs .... 2... 2... 2 ee ee ee ee 19-1 
Linear-IC Test Systems ........ ee ee ee oe ee eee ee ee ee 20-1 
SHA1144 High-Resolution 14-Bit Sample-and-Hold Amplifier ........../....- 14 - 29 14-11* 
Sate Signal Conditioners as Components, see also: .. 1... ee ee ee ee es 1-4 9 1* 
Pee. a Instrumentation Amiplifiers: :2..n405:5% 26a 4. He ye 4 Nw: Bie ee a we See Uh Gees, PSA 
, Isolation sAMpliiiers. Vo sco eek we ee: GR we I eS ee ee ay FE 5-1 ae 
- Data-Acquisition Subsystems. sa: .) geek ee eS RL ee ee ae ee Se 15-1 15-1 
Digital Panel Instruments: cous oh ok ee a eee ba ae BA ee ae a SS 16-1 
MAC Intelligent Single-Board Meas. & Control Subsystem .........-....--- 18-1 
MACSYM Computer-Based Measurement And Control SYsteM .............. 19-1 
SPA1695 SVA-Output Power Amplifier for Synchros/Resolvers ............22-- 13 — 57 
Squaring (Analog Multipliers) ............0. 000% Hosein, Bogs wide Qa kare eects 6-1 6-1 
Square Rooting (Analog Dividers) .. 2... 2 ee ee ee 6-1 6-1 
STM Series 5VA Synchro Output Transformers... . 2... 2... eee ee ee es 13 - 27 
Strain Gage-Signal: Conditioners: 9.0% 2 b-4 4s, ea ee I Se we Rae SS 1-4 9-1* 
see also Signal Conditioners 
Switches CMOS a soe byte eR eal a ee eo dG OM oS ee ea 16 — 1* 1-6 
Switches, Dielectrically Isolated (°°) bye ae ais ae eR Ew RO ee eS 16-1 
Switches, Dual} <3 Goncils Goo Reta ale OD Eee Sah CAR hots doe Gat had 16-1 
Switches, Quad .............00. ) cage cig at ea Ppa eae gt eRe est RE ESD Poem Ge oldn 16-1 
synchro. Power Amplifiets: >) aoc kG al wae Rh aoe Gee BE ae ee ood wR MR 13-1 13-1 
Synchro-to-Digital Converters . 2... ee 13-1 @3- 1 
Synchro-to-Linear Converters .. 2... 0. ee ee ee ee ee 13-1 13-1 
Technical Publications of Analog Devices ............00 000 eee Pay de eles ht 1-15 1-9 
Teniperatite Indicators: 2. ¢.¢ & Search A aL eee A AS re, REA 16-1 
Temperature Transducers) ¢s.¢ 4 «4048 « so 8 Sale ele ee bee Rw Ree 9-1 9-1 
Temperature Transmitters, see Signal Conditioners .. 2... 0... 2 eee ee 1-4 = 1* 
Testers, Linear: Integrated Circiits 246, o-oo! ene ge gw ae Se GA ES 18 - 1 20 - 1 
THC Series Fast Sample/Track-and-Hold Amplifiers ............2. 000500 ae 14-15 


Thermocouple Cold-Junction Compensators, see Signal Conditioners 
Thermocouple Signal Conditioners, see Signal Conditioners 


Thermometers, Digital, see Digital Panel Instruments .............0.00 0004 1-8 16 - 1* 
THS Series Ultra-Fast Sample/Track-and-Hold Amplifiers ...... hi oh ERR Sika pe a ee 14-15 
Track-Hold Amplifiers, see also A/D Converters ... 2... 0. eee ee et en 14-1 14-1 
ST RANSCUCEES,, 2h. tc vara wy oi he as Men Raced, Se gett Seah thse See Ge ooh Read tanta Oe Sev atte ae les 9-1 9-1 
Transducers, Temperature-to-Current (AC2626, ADS90) .........0..0. 00000 9-1 9-1] 
_Transmitters, 4-to-20mA, see Signal Conditioners... 2... 2... 0 ee ee ee ee ee 1-4 9- 1* 
Transmitters, Temperature, see Signal Conditioners... 2... 0. ee ee ee ee ee es 1-4 9-1* 
TSL1612 2-Speed Processor for Coarse/Fine Synchros/Resolvers ............000. 13 - 59 
UMAC-4000, see »MAC-4000 or “‘Micromac”’ ' 
WECLOR GIENEIAtOL, LIRICA: vy o-oo Ge Bs hs nae we A Oe here ees Og Laces 13-1 13-1 
see also App. Note: Generating Waveforms and Vectors .............0-2000. 21 ~ 43 
WIE CODVERICRS: | i Mn pthe i Bows ee Bb eee ee ae ae: Sate 4s Godt OSS oto lear & 12-1 12-1 
Voltage: References’ s.% S22 a6 este ue Bea eS oe AO? wa tase aiie aa SAL 8 -— 1* 1-5 
Voltage-to-Current Converters, see Signal Conditioners ..............02.0004 1-4 9-1* 
Voltage-to-Frequency Converters ... 2... 2 ee ee ee ee 12-1 12-1 
Voltmeters, Digital, Scanning, (Digital Panel Instruments) .................. 1-6 16 — 1* 
2B20 4-to-20mA-Voltage-to-Current Converter ...........00 0000 ee eeeeee 9-9 
2B22 Isolated 4-to-20mA Voltage-to-Current Converter ...........2.0000 0008 9-13 
©2824 Loop-Powered Isolators. 3 a ie a ee Sm Coe oe eg SES 9-17 
2B30 Strain-Gage/RTD Signal Conditioner .........0... 0000 ce ee eee eee 9-19 
2B31 Strain-Gage/RTD Signal Conditioner with X’ducer Excitation... ........... 9-19 
@2B34 Four-Channel RTD/Strain-Gage Conditioner ............0.00 000 eee : 9-25 ° 
2B35 Precision Triple-Output Transducer Power Supply ..............0 0004 9-29 
©2B50 Isolated Thermocouple Signal-Conditioner. .. .. . esha sei ott Sealer pao Meta, fess oe 9-3] 
©@2B52 Isolated Two-Wire Thermocouple Temperature Transmitter .............. 9 - 35 
©2B53 Two-Wire Thermocouple Temperature Transmitter... .............00.4 9 — 35 
2B54 Low-Level 4-Channel Multiplexed Isolated Conditioner... ...........00.4 9 - 37 
2B55 4-Channel Multiplexed Isolated Conditioner ..............00 000 ee aae 9 - 37 
2B56 High-Accuracy Thermocouple Cold-Junction Compensator ............... 9 - 43 


2B57 Low-Cost Two-Wire Temperature Transmitter for ADS90 ............... 9 — 47 
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aes 


Vol. I Vol. II 
©2B58 Two-Wire Linearized RTD Temperature Transmitter. ..............000. 9-51 
©2B59 Low-Cost 2-Wire RTD Temperature Transmitter ................-004 9-53 
48 Fast-Settling Differential FET-InputOp Amp ................0.2050008 4-17 
50/51 Fast-Settling, Wideband, 100mA Output FET-InputOp Amp ............. 4-19 
52 Low-Noise, Low-Drift Precision FET-Input Amplifier ..............000- 4 - 139 4-21 
171 High-Voltage Differential FET-Input Amplifier... ..........0......00- 4-141 4-23 
234 Low-Noise Wideband Chopper-Stabilized Amplifier ................0004 4 - 143 4-25 
235 Economy, Guaranteed Low-Noise Chopper-Stabilized Amplifier ............. 4- 143 4-25 
261 Low-Noise, Non-Inverting Chopper Amplifier ...............2.00 0008 4-145 4-27 
277 Precision Isolation Amplifier with Op-Amp Front End ...........3.....06.% 5-15 
281 100kHz Isolator Excitation Oscillator .. 2... 2. ee ee ee 5-17 
284J Economy High-Performance Self-Contained Isolation Amplifer ............. 5-17 
286J High-CMV, High-Performance Synchronized Isolation Amplifier ............ 5-17 
289 Precision Wide-Bandwidth' Synchronized Isolation Amplifier ............... 5 - 35 5 — 23* 
290A Low-Cost Single-Channel Isolation Amplifier .................0e00-% 5-27 
292A Low-Cost Multi-Channel Isolation Amplifier ................00 0008 5-27 
429 Accurate Wideband, Multiplier, Divider, Square-Rooter ..............00. 6 - 37 6 -7* 
433 Programmable Multifunction Amplifier... 2... 0... eee ee ee ee 6 — 39 6 - 11* 
436 High-Accuracy Two-Quadrant Analog Divider .............0.2. 00000 6-15 
442 Wideband, High-Accuracy True-RMS-to-DC Converter ..............00.% 7-19 7-7 
450 High-Performance 10kHz Voltage-to-Frequency Converter .............00- 12-7 | 
451 Low-Cost, Versatile 10kHz Frequency-to-Voltage Converter ...............- 12 - 21 12 - 11* 
453 Low-Cost, Versatile 100kHz F/V Converter. ..............2.2.008 80 ee 12 - 21 12 - 11* 
454 Versatile 20kHz Voltage-to-Frequency Converter .............00000000- 12-7 
456 Low-Cost 10kHz Full-Scale Voltage-to-Frequency Converter ............00% 12-7 
458 100kHz-Full-Scale High-Accuracy V/F Converter... .......0...0.00 000s 12-17 
460 1MHz-Full-Scale High-Accuracy V/F Converter ............0.000 0000 12-17 
755N/P 6-Decade High-Accuracy Log/Antilog Amplifiers .................0.% 6-41 8 — 7* 
757N/P 6-Decade High-Accuracy Log-Ratio Amplifiers ................000.8 6 - 43 8- 11* 
759N/P Economy Wideband Log/Antilog Amplifiers .................2004 6-41 8 — 7* 
902/902-2 Dual 15V 100mA AC/DC Power Supply module . be ee eee 1-11 21 — 2* 
903 Single SV 500mA AC/DC Power Supply module ..................000. 1-11 21 - 2* 
904. Dual 1SV 50mA AC/DC Power Supply module .................00004 1-11 21 - 2* 
905 Single SV 1A AC/DC Power Supply module .................000005 1-11 21 ~ 2* 
906 Single SV 250mA AC/DC Power Supply module ............... 000004 1-11 21 - 2* 
915 Dual 1SV 25mA AC/DC Power Supply module ...................004 1-11 21 -2* 
920 Dual 1SV 200mA AC/DC Power Supply module . .................. ... L-ll 21 - 2* 
921 Dual 12V 240mA AC/DC Power Supply module .................200- 1-11 21 -2* 
922 Single SV 2A AC/DC Power Supply module ................. 000008 1-11 21 - 2* 
923 Triple + 15V 100mA, 5V 500mA AC/DC Power Supply module ............. 1-0 21 - 2* 
925 Dual 15V 350mA AC/DC Power Supply module ............... 0.000% 1-11 21 - 2* 
©926 Triple +15V 150mA, 5V 300mA AC/DC Power Supply module ............. 1-11 21 - 2* 
©927 Triple + 15V 150mA, 5V 1A AC/DC Power Supply module ............... 1-11 21 - 2* 
©928 Single 5V 3A AC/DC Power Supply module ................000.% fea wi b= Fl 21 -2* 
940 5V to + 1SV 150mA DC/DC Converter module. ..........0........0004 1-11 21 - 2* 
941 5V to +12V 150mA DC/DC Converter module... . 20... 0.45.22. 2.0 0-2 eee 1-11 21 - 2* 
943 SV to 5V 1A DC/DC Converter module... .............0 0000 ee aee 1-11 ° 21-2* 
945 28V to + 15V.150mA DC/DC Converter module ................0.000% 1-11° 21-2* 
949 SV to + 15V 60mA DC/DC Converter module .............2-02 00200 - 1-11 Z1:—2* 
951 5V to + 15V 410mA DC/DC Converter module. ..............0.0 0008 1-11 21 - 2* 
952 Dual 15V 100mA AC/DC Power Supply (chassis)... ...........02 0020006 1-11 21 -2* 
953 12V to + 15V 150mA DC/DC Converter module ............... 0.00008 1-11 21 - 2* 
955 Single 5V 1A AC/DC Power Supply (chassis)... ........ 0000 eee eues -. 1-11 21 -2* 
©957 SV to 5V 100mA DC/DC Converter module ................. ere os || 21 - 2* 
©958 5V to SV 100mA DC/DC Converter module ..........2..0. 0.000 ee ewes 1-11 21 - 2* 
@959 SV to +12V 40mA DC/DC Converter module ...............02.20000% 1-11 21 - 2* 
©960 5V to +12V 40mA DC/DC Converter module ..............0..020005 1-11 21 - 2* 
©961 SV to + 15V 33mA DC/DC Converter module .............02. 0000000 1-11 21 -2* 
©0962 5V to + 15V 33mA DC/DC Converter module .............000 0000 0s 1-11 21 - 2* 
©963 12V to + 15V 33mA DC/DC Converter module... 2... ee 1-11 21-2" 
0964 12V to + 15V 33mA DC/DC Converter module. ..............2.-2+00085 1-11 21 — 2* 
©965 SV to + 15V 190mA DC/DC Converter module... 2... .....2. 000 ee eee 1-11 21 - 2* 
©966 12V to +15V 190mA DC/DC Converter module ....... fe STR HS WO btn dae unde ned 1-11 21 - 2* 
©967 24V to +15V 190mA DC/DC Converter module ............0.. 00000 0s 1-11 21 - 2* 
©968 28V to + 1SV 190mA DC/DC Converter module ................2000. 1-11 21 - 2* 
970 Dual 1SV 200mA AC/DC Power Supply (chassis)... ........02.02.0 0000 1-11 21 -2* 
©0972 Triple + 1SV 150mA, 5V 300mA AC/DC Power Supply (chassis) ............ 1-11 21 - 2* 
973 Dual 15V 350mA AC/DC Power Supply (chassis)... .......0.2.002. 0000 ee 1-11 21 - 2* 
©0974 Triple + 15V 150mA, 5V 1A AC/DC Power Supply (chassis)... .........0-. 1-11 21 ~ 2* 
975 Dual 1SV 500mA AC/DC Power Supply (chassis)... .......2..0 000002 eee 1-11 21 - 2* 
©976 Single 5V 3A AC/DC Power Supply (chassis) .......... 000 eee ee ee ues 1-11 21 - 2* 
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Sere SS = S 


INTRODUCTION 

This Ordering Guide should make it easy to order Analog Devices products, whether you’re buying one IC op amp, a 
multi-option subsystem, or 1000 each of 15 different items. It will help you: 

1. Find the correct part number for the options you want. 

2. Get a price quotation and place an order with us. 

3. Know our warranty for components and subsystems. 


For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Noe 
Mass. U.S.A. (617-329-4700). 


MODEL NUMBERING 


Many of the data sheets in the Databook have an Ordering Guide. Use it to specify the correct part number for the exact 
combination of options you want. I.C. and hybrid part numbers are created using one of these two systems: 


Figure 1 shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It 
consists of an “AD” (Analog Devices) prefix, a 3- or 4-digit model number, an alphabetic performance/temperature-range 
designator, a package designator, and a MIL-screening designator (where applicable). One or two additional letters may 
immediately follow the digits (“‘A” for second-generation redesigned ICs, ‘‘DI’’ for dielectrically isolated CMOS switches, 
e.g., ADS36AJH, AD7512DIKD). 


Figure 2 shows the somewhat different numbering scheme used by our Computer Labs Division for hybrid circuits. The 
number starts with a three-character alphabetic prefix, followed by a hyphen, a three- or four-digit number, and alphabetic 
designators (as applicable) to indicate additional functional designations or options, packaging options, and MIL-screening 
options. 


STANDARD PRODUCT 
SCREENED IN ACCORDANCE 
WITH MIL-STD 883. SEE 
QUALITY ASSURANCE IN 
VOLUME I. 

/883B: SCREENED TO 
MIL-STD 883, CLASS B 
/883: SCREENED TO 
MIL-STD 883, PER 

METHOD 5008 


THREE OR 
FOUR-CHARACTER 
ALPHABETIC 

PREFIX 


MILITARY OPTIONS 


/883: SCREENED TO 
MIL-STD 883, PER 
METHOD 5008 

B: SCREENED 

TO MIL-STD 883 
CLASS B 


THREE OR 
FOUR-DIGIT 
NUMBERS 


THREE-OR-FOUR- 
NUMERAL FUNCTIONAL 
GROUPING. FOR 
CONVERTERS, 

YY MAY DENOTE 
RESOLUTION, ZZ SPEED 


1 OR 2 LETTERS 
PROVIDE ADDITIONAL 
GENERAL INFORMATION 
A: SECOND GENERATION 
DI: DIELECTRICALLY 
Sage TED 

: OPERATION ON +12V SUPPLIES 


PACKAGE OPTION 


M OR H 
HERMETICALLY 
SEALED 
METAL-CASE DIP 


PACKAGE OPTIONS: 


HERMETICALLY SEALED DIP, 
CERAMIC OR METAL 
LEADLESS CHIP CARRIER 
CERAMIC FLATPACK 

METAL CAN, HERMETICALLY 
SEALED 


ADDITIONAL FUNCTIONAL 
DESIGNATION OR OPTION 
e.g., E, C, A, ETC. 


o 


PERFORMANCE- 
TEMPERATURE RANGE 
DESIGNATOR’ 


EXAMPLES: 


pz z xm 


| 1 INCREASING METAL-CAN DIP, HERMETICALLY H A S- 12 02 M 
J { PARAMETRIC SEALED-COMPUTER LABS J Te 
K ¥ PERFORMANCE PLASTIC DIP HYBRID HERMETIC 
i ale) CHIPS MONOLTING CHIP" A/D PETAL CASE 
M BEST OVERALL 
PERFORMANCE CONVERTER 2.2us 


EXAMPLES: 12-BIT 
A) PERFORMANCE ADIS24AD Ds HDS-1015EM 
- ‘ : 
7256 TO*8SS) CBEST OVERALL ADIS1201KD ieee 5 HERMETIC 
PERFORMANCE ales 
'MONOLITHIC CMOS CHIPS IN THE AD75XX CASE 
INCREASING SERIES WERE FORMERLY DESIGNATED CONVERTER 
PERFORMANCE | ap75XX/COM/CHIPS AND AD75XX/MIL/CHIPS 10-BITS HDS-1015EMB 
Se ate EU) BEST OVERALL | ae a aa oe ea 15ns TO 0.1% 100% SCREENED 
PERFORMANCE | DEVICES FOR CURRENT PRICING OF AD75XX NOETASE TO MIL-STD 883 
CHIPS. ECL CLASS B 
Figure 1. Model-Number Designations for Standard Figure 2. Computer Labs Video Hybrid Product 
Analog Devices Monolithic and Hybrid IC Products Designations 
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SECOND SOURCE 

In addition to our many proprietary products, we also manufacture devices that are fit-, form-, and function-compatible 
(and often superior in performance and reliability) to popular products that originated elsewhere. For such products, we 
add the prefix “AD” to the familiar model number. (Example: ADDAC85MIL-CBI-V/883). 


ORDERING FROM ANALOG DEVICES 

‘When placing an order, please provide specific information regarding model type, number, option designations, quantity, 
ship-to and bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All 
shipments are F.O.B. factory. Please specify if air shipment is required. 


Place your orders with our local sales office or representative, or directly with our customer service group located in the 
Norwood facility. Orders and requests for quotations may be telephoned, sent via TWX or TELEX, or mailed. Orders 
will be acknowledged when received; billing and delivery information is included. 


Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. or prepaid. On all 
orders under fifty dollars ($50.00), a five-dollar ($5.00) processing charge is required. 


When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the 
goods if you are ordering for Jelivery to a destination in Massachusetts). 


WARRANTY AND REPAIR CHARGE POLICIES 

All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and 
service for one year from the date of their shipment by Analog Devices, Inc., except that components obtained from others 
are warranted only to the extent of the original manufacturers’ warranties, if any, except for component test systems, which 
have a 180-day warranty, and wMAC and MACSYM systems, which have a 90-day warranty. This warranty does not 
extend to any products which have been subjected to misuse, neglect, accident, or improper installation or application, or 
which have been repaired or altered by others. Analog Devices’ sole liability and the Purchaser’s sole remedy under this 
warranty is limited to repairing or replacing defective products. (The repair or replacement of defective products does not 
extend the warranty period. This warranty does not apply to components which are normally consumed in operation or 
which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall not be liable for consequential 
damages under any circumstances. 


THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Contents 
Page 
Selection Guides 4 
General Purpose Op Amps 4-2 
High Accuracy Op Amps 4-3 
Fast/Wideband Op Amps 4-4 
Selection Principles and Definitions of Specifications 4-5 
AD101A/201A/301A/301AL General-Purpose IC Op Amps 4-17 
®AD380J/K/L/S Wideband, Fast-Settling FET Operational Amplifier 4-21 
@AD381J/K/L/S High Speed, Low Drift FET Operational Amplifier 4-23 
®AD382J/K/L/S High Speed, Low Drift FET Operational Amplifier 4-25 
AD503J/K/S FET-Input IC Op Amps 4-27 
AD504J/K/L/M/S High-Accuracy Low-Drift IC Op Amps 4-31 
AD506J/K/L/S FET-Input IC Op Amps 4-27 
AD507J/K/S Wideband General-Purpose IC Op Amps 4-39 
AD509J/K/S High-Speed Fast-Settling IC Op Amps 4-43 
AD510J/K/L/S High-Accuracy Low-Drift IC Op Amps 4-47 
AD515J/K/L Electrometer IC Op Amps 4-51 
AD517J/K/L/S High-Accuracy Low Drift IC Op Amps 4-57 
AD518J/K/S Fast Wideband IC Op Amps 4-63 
AD540J/K/S FET-Input IC Op Amps 4-67 
AD542J/K/L/S Trimmed Implanted FET (TRIFET) IC Op Amps 4-71 
AD544J/K/L/S Trimmed Implanted FET (TRIFET) IC Op Amps 4-77 
AD545J/K/L/M Low Bias Current FET IC Op Amps 4-83 . 
®AD547J/K/L/S Ultra Low Drift BIFET Operational Amplifiers 4-87 
AD642J/K/L/S Dual AD542 Trimmed Implanted FET (TRIFET) Op Amps 4-93 
®AD644J/K/L/S Dual High-Speed Implanted FET-Input Operational Amplifiers 4-99 
®AD647JH/KH/LH/SH Ultra-Low Drift BIFET Operational Amplifiers 4-105 
AD741/C/J/K/L/S Internally Compensated IC Op Amps 4-111 
@®AD3554A/B/S Wideband, Fast-Settling FET-Input Op Amps 4-115 
®ADLH0032G/CG Ultra Fast FET Operational Amplifiers 4-117 
@ADLH0033G/CG High-Speed Buffer Amplifiers 4-121 
AD OP-07/A/D/C/E High-Accuracy Low-Drift IC Op Amps 4-125 
HOS-050/050A/050C Ultra Fast Hybrid IC Op Amps 4-131 
®HOS-100AH/SH Wide Bandwidth, High-Speed Buffer Amplifiers 4-137 
52J/K High-Accuracy Low-Bias FET-Input Op Amps 4-139 
171J/K High-Output Op Amps 4-141 
234J/K/L Low Noise-Wideband Chopper Stabilized Amplifier 4-143 
235J/K/L Inverting Chopper-Stabilized Op Amps 4-143 
261J/K Noninverting Chopper Op Amps 4-145 
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Selection Guide 
Operational Amplifiers 


FEATURE SELECTION CHART 


GENERAL PURPOSE 


Monolithic Bipolar Input | 
Technology J-FET 
Dual J-FET 
Multi-Device Hy brid 
Technology Module 
High Open 2100dB 
Loop Gain | 7140dB 
High CMR 1008 |__| Pei 
Low Offset <S5mV 
Voltage <1lmV 
<50uV 
Low Offset <5uv/°c 
V,vs. Temp <1yv/°c 
<0.6uV/°C 
Low Bias <SOpA 
Current <SpA 
<0.5pA 
Fast Settling < lus to 0.1% 
<5pus to 0.01% 
Wideband 22MHz 
(Unity Gain) 210MHz 
High Slew 2 10V/us 
Rate 2 30V/us 
2 100V/ps 
2 1000V/yus 


Low Noise (0.1 to 10Hz) 


2uV p-p 
High Voltage Out 2100V 
High CurrentOut 220mA 
Low Power <75mW 


Second Source 


Temperature Range 
0 to +70°C 
-25°C to +85°C 
-55°C to +125°C 


Dice Availability 


Volume | 
Page ~ 4-27 4-27 4-67 4-71 4-93 4-99 4-77 4-27 
Volume II bea 
Page 
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LOW Vos DRIFT 


HIGH ACCURACY 


ae BIAS CURRENT 


Mth bh] 


Monolithic, Bipolar Input 
Technology J-FET 
Dual J-FET 
Multi-Device Hy brid 
Technology Module 
High Open 2100dB 
Loop Gain 2140dB 
High CMR >100d8 a ee ee ee ee ee ee ee ee ee ee ee 
Low Offset <5mV 
Voltage <1lmV 
<50uV 
Low Offset <5uv/°C 
V,vs. Temp <1pv/°c 
<0.6uV/°C 
Low Bias <5OpA 
~ Current <5pA 
<0.5pA 
Fast Settling <lps to 0.1% 
<5ys to 0.01% 
Wideband 22MHz 
(Unity Gain) 210MHz 
High Slew . *210V/us 
Rate 2 30V/us 
>100V/ps 
>1000V/ps 
Low Noise (0,1 to 10Hz) 
2uV p-p 
High Voltage Out 2100V 
High CurrentOut 220mA 
Low Power ' <75mW 
Second Souree [eee Fame (ak ek a RA aR RA | (ne A ee eee 
T emperature Range 
0 to. +70°C 
-25°C to +85°C 
-55°C to +125°C 
Volume | : 
Volume II 
Page 4-23 


* Chopper Stabilized 
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FAST/WIDEBAND 


UNITY 
GAIN 
BUFFER 


FET fererinputT sis 


ScuCaaneeeeeeal 


Monolithic ‘Bipolar Input 
Technology J-FET 
Dual J-FET 
Multi-Device Hybrid 
Technology Module 
High Open 2 100dB 
Loop Gain #140dB 
mien en ef 
Low Offset <SmV 
Voltage <1mV 
<5 0uV 
Low Offset <5uv/°c 
V, vs. Temp <1uv/°c 
<0.6uV/°C 
Low Bias <50pA 
Current <5pA 
<0.5pA 
Fast Settling & lus to 0.1% 
<5ys to 0.01% 
Wideband 22MHz 
(Unity Gain) 2 10MHz 
High Slew 710V/us 
Rate 230V/us 
7 100V/us 
>1000V/us 


Low Noise (0.1 to 10Hz) 


2uV p-p 


High Voltage Out #100V 
High Current Out 220mA 
Low Power <75mW 


Second Source 


Temperature Range 
oO to. +70°C 
-25°C to +85°C 
-55°C to +125°C 


Dice Availability 
Volume | 
Page 


Volume II 
Page 
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Orientation 
Operational Amplifiers 


The amplifiers listed in this catalog are intended to provide 2. Firm understanding of what the manufacturer means 
cost-effective solutions to the bulk of op-amp requirements in by the numbers published for the parameters. 4 
precision measurement and control, as well as to more-general Frequently, any two manufacturers may have com- 

requirements in electronic circuits. The technical data included parable published specifications, which may have been 

here* cover the properties of some 36 op-amp families, com- arrived at using differing measurement techniques. 

prising about 100 distinct types. Some are general purpose, This creates a:pitfall in op amp selection. To avoid 

others provide near-optimum performance for specific classes these difficulties, the designer must know what the 

of applications. published specifications mean and how these para- 


meters are measured and then must be able to translate 
these published specifications in terms meaningful to 
the design requirements. 


They differ in a variety of ways, for example, circuit technolo- 
gy, circuit architecture, input properties, output properties, 
operating temperature range and in terms of the many per- 
formance specifications. There are three fundamental aspects to the rational selection 
BACKGROUND of an operational amplifier for a given application: (1) es- 
tablishing the circuit architecture, (2) defining the per- 


The operational amplifier is today the most-widely used analog fae levels, andl (3 )chocsing theaiiplifiet() 
ance levels, : 


subassembly. It is safe to say that its basic properties and appli- 


cations are sufficiently understood by most circuit designers 1. To obtain a circuit building block to implement a defined 
and builders. However, the basis for choice, the subtleties of functional job, the principal choices are either to purchase a 
using op amps in circuits for best results (especially in preci- . committed functional device or to design a circuit employing 
sion measurement and control), and the varieties of possible op amps to perform the function. For example, to obtain a dif- 
applications are less clearly understood by op amp users, in -ference between two voltages, one may either purchase an in- 
varying degrees. strumentation or isolation amplifier, or design a suitable sub- 


traction circuit using op amps. If a committed functional 
building block, with appropriate specs and price, is not avail- 
able, the circuit designer must start by developing schematic 
diagrams of circuits that will perform the function simply 


For th ‘ring basi ; ; using “ideal” operational amplifiers. Many commonly used 
or those users requiring basic tutorial material, and detailed circuits can be found in textbooks, “‘cookbooks”, and linear 


information on getting the most out of op amps, we have circuit books, as well as in application notes and data sheets. 
provided on page 4-16 a bibliography that should make avail- 


able up to 99% of information needed now and then, with 
“fanout” to the vast body of literature that —. with some re- 
dundancy — will provide the remainder. It should come as no 
surprise to successful users of Analog Devices op amps that a 
number of the references are to the applications sections of 
data sheets included in this catalog. 


In these few pages, we shall address the question of making a 
proper choice of op amp type for an application, in relation to 
the extensive array of device properties presented in the data 
sheets that follow. 


2. Recognizing that the choice of an op amp depends on both 
the overall circuit requirements and the characteristics of avail- 
able op amps, the designer should interpret the desired overall 
performance in terms of the parameters of op amps, and es- 
tablish acceptable ranges of parameters, and their variation 
with time, temperature, supply voltage, etc. Examples of the 
key parameters are the input offset voltage, input bias and off- 


SELECTION PRINCIPLES set currents, and the high-frequency performance and transient 
In selecting the right device for a specific application, you behavior of the op-amp block (and its effect on the closed- 

_ Should have clearly in mind your design objectives and a loop circuit) for large and small signals. It will be helpful to 
firm understanding of what published specifications mean. develop an application checklist, which includes such con- 
Beyond this, you should detail the significant variables that siderations as the character of the input signals and their im- 
are pertinent to your application. The purpose of this section pedance, the output load, the desired accuracy — static and 
is to put these many decision factors into perspective to ° dynamic — and the environmental conditions. 
help you make the most meaningful buying decisions. 3. The designer must then relate acceptable performance of 
To properly choose an operational amplifier for any given the op-amp building block to the specifications and prices of 
set of requirements, the designer must have: available devices from preferred suppliers, bearing in mind a 


firm understanding of the way in which manufacturers define 
their specifications, and how definitions can differ in a way 
that may be misleading. A set of definitions used by Analog 
Devices follows the next section. 


1. A complete definition of the design objectives. 
Signal levels, accuracy desired, bandwidth require- 
ments, circuit impedance, environmental 
conditions and other factors must be well defined 


before selection can be effectively undertaken. APPLICATION CHECKLIST 
By way of an application checklist, the designer will need to 


account for the following: 


*In addition to the products listed here, which are recommended for Character of the application: The character of the 
new designs, a number of older products are still available; data sheets application (inverter, follower, differential amplifier, 
are available upon request. etc.) will often influence the choice of amplifier. 
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Accurate description of the input signal: It is 
extremely important that the input signal be 
thoroughly characterized. Is the input a voltage source 
or current source? Range of amplitude? Source imped- 
ance? Time/frequency characteristics? 


Environmental conditions: What is the maximum 

range of temperature, time, and supply voltage over 

which the circuits must operate (to the required 
‘accuracy) without readjustment? 


Accuracy desired: The accuracy requirement deter- 
mines the extent to which the foregoing considerations 
are critical, and ultimately points the way to a device 
(or series of devices) which are acceptable. Accuracy 
must, of course, be defined in terms meaningful to 

the application with regard to bandwidth, DC offset, 
and other parameters. 


SELECTION PROCESS 

In general, the objective of amplifier selection should be to 
choose the least expensive device which will meet the 
physical, electrical, and environmental requirements imposed 
by the application. This suggests that a ‘General Purpose’”’ 
amplifier will be the best choice in all applications where 

the desired performance requirements can be met. Where 
this is not possible, it is generally because of limitations 
encountered in two areas — bandwidth requirements, and/or 
offset and drift parameters. 


To make it easier to relate bandwidth requirements with the 
drift and offset characteristics, a capsule view of bandwidth 
considerations precedes the DC discussions below. The 
reader is then returned to an expanded discussion of gain- 
bandwidth considerations. 


Gain Bandwidth Considerations, A Capsule View _ 
Although all selection criteria must be met simultaneously, 
determination of the bandwidth requirements is a logical 
starting point because: 


A) If DC information is not of interest, a suitable 
blocking capacitor can be connected at the ampli- 
fier input and all of the “‘drift’’ specifications may 
usually be ignored, and 


B) Where high frequency (>10MHz) characteristics 
are of primary importance, the choice will be limited 

to those amplifiers Gesigriated “Wide Bandwidth/Fast 
Settling.” 


Where DC information is required and where frequency 
requirements are relatively modest (full power response 
below 100kHz, unity gain of less than 1.5MHz) other criteria 
will probably influence the final choice. It is important, 
however, to choose an amplifier with which an adequate 
value of loop gain is assured (at the maximum frequency of 
interest) to obtain the desired accuracy. Loop gain is the 
excess of open loop gain over closed loop gain, and is 
responsible for the diminishing error due to fluctuations in 
the open loop gain due to time, temperature, etc. For ex- 
ample, if the closed-loop gain is 1000, the open-loop gain 
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must be at least 100,000 to yield an error of no more than 
1%, and 1,000,000 to yield an error no greater than 0.1%. 
Where undistorted response is required, the specifications for 
full linear response and slewing rate should be chosen such 
that they are not exceeded at the highest frequency of 
operation. 


Offset and Drift Considerations 

In the majority of op-amp applications, final selection is — 
determined by the DC offset and drift characteristics. To 
undertake amplifier selection in these cases, it is necessary 
to translate the requirements listed above as follows. (It is 
assumed that bandwidth requirements and temperature range 
have been established at this point.) 


1. What input impedance must the circuit present to the 
signal source? This depends primarily on the source 
impedance, Rg, and the amount of loading error which 

is acceptable. Most amplifier circuits are designed around 
either the inverting or noninverting circuit of Figure 1. The 
choice is often made between the two to accommodate the 
impedance requirement. Input impedance for the inverting 
circuit is approximately equal to the summing impedance, 
R; and the upper limit on the magnitude of R; is determined 
by the allowable drift error because of input bias current as 
discussed below. The noninverting circuit offers inherently 
higher input impedance than the inverting circuit (due to 
“bootstrapping” feedback) and in this case input impedance 
is approximately equal to the common mode impedance of 
the amplifier Rem. 


2. How much drift error can be tolerated? The question is 
related to the input signal level, e,, and the required accuracy. 
For example, to amplify or otherwise manipulate a DC input 
signal of one volt with an accuracy of 0.1%, the offset 

drift error, Vg, must be one millivolt or less. (This assumes 
that other sources of error such as input loading, noise and 
gain error have already been allowed for.) By the same 
reasoning, the allowable drift error for a 1 volt signal and 
0.01% accuracy would be 100pV. 


When this has been defined, the allowable limits of offset 
voltage (e,,), bias current (ip), and difference current can , 
be calculated by the equations of Figure 1. 


Figure 1 gives the equations which relate offset voltage 
(€,,), bias current (ip), difference current (ig) and the 
external circuit impedances to the drift error, Vg, for both 
the inverting and the noninverting circuits. From these 
equations it can be seen how the input impedance require- 
ments of the foregoing paragraphs are related to the drift 
error. 


For example, in the case of the inverting circuit, an offset 
error voltage, i,R;, is generated by the bias current flowing 
through the summing impedance. This error increases for 
increasing Rj. Since R; also sets the input impedance, there 
is a conflict between high input impedance and low offset 
errors. Likewise, for a given offset error, higher values for R; 
can be used with an amplifier which has lower bias current.. 


R +R: For Rc = 0 
@ = - 5 [e + Gos (a R Bi) + Ib Ri| 
i f and R, << R; 
Signal Input Drift Error = Vg 


R ; =R; : 
eo =e of [es + Cos R¢ = Rj + ig Fi] For Rc Rj R¢/(Rj + Re) 
f 


eae and R, << R; 


Signal Input Drift Error = Vg 


Input Impedance Rin ~ Rj 


% Drift Error = 


100V4q 
e, 


Figure 1A. Inverting Configuration 


SOURCE 


R2 + Rj . 
80 = [es + Cos + Ib Ra for Re = 0 
yw ~~, 
Signal Drift Error = Vg 
R2 + Rj ’ Ri R 
aaa ae [es + Gos + Id Rs | for Rc = Rs - “Tear 


VS eye 
Signal . Drift Error = Vg 


Input Impedance Rin ~ Rey 


00Vq 


s 


% Drift Error = : 


Figure 1B. Noninverting Configuration 


Where it will otherwise function properly, the noninverting 
circuit generally makes a better choice for high input 
impedance circuits. Also, for the same source and input 
impedance requirement, a given amplifier will generate lower 
offset errors for the noninverting circuit than for the inverting 
circuit. This is so because the bias current flows only through 
R, for the noninverter and this will always be less than the 
input impedance, R;, of the inverter. Input impedance of the 
noninverter (approximately Rc) is typically 107 ohms 
even for the least expensive bipolar amplifiers and up to 101! 
ohms for FET types. 


Unfortunately, however, the noninverting configuration can- 
not always be used since it is not convenient to use for many 
circuit functions such as integration or summation. A further 
limitation occurs in high accuracy applications, where com- 
mon mode errors may rule out this circuit configuration. 


Initial offsets can usually be zeroed at room temperature so 
that only the maximum temperature excursion (AT) from 
+25°C need be considered. For example, over the range of 
-25°C to +85 °C, the maximum temperature excursion (AT) 
from +25°C would be 60°C. As a practical matter, offset 
errors due to supply voltage and time drift can generally 

be neglected since errors due to temperature drift are usually 
much greater. 


Current Amplifier Considerations 

Before leaving the subject of offset errors, we shall discuss 
briefly the current amplifier configuration which is shown 
in Figure 2A. The obvious approach to measuring current 

is to develop a voltage drop across a load resistor, R¢, and to 
measure this potential with a high impedance amplifier as 
shown in Figure 2B. 


This approach has several disadvantages as compared to the 
circuit of Figure 2A. First the noninverting amplifier intro- 
duces common mode errors which do not occur for Figure 
2A. Second, an ideal current meter would have zero 
impedance whereas, R¢ in Figure 2B may become very 
large since this resistor determines the sensitivity of the 
measurement. Third, the changes of input impedance, Roy, 


Signal Drift error = le 


Input Impedance Rin = (s-) (a) 


Re + Ra / \1 + AB 
+ 
where tie ay ee Bet Ral co itcenoes Lots 
R; Ra is 


Figure 2A. Current Amplifier 


€y = Re is + Cos + ip R¢ for R, > R¢ 
— —$—— 
Signal Drift Error = Vy 


Input Impedance Rin ~ R¢ 


100Vq 


% Drift Error = 
R¢ is 


Figure 2B. Voltage Amplifier with Sampling Resistor 
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for the noninverting amplifier with temperature will cause 
variable loading on R¢ and hence a change in sensitivity. 


The current amplifier of Figure 2A circumvents all of these 
difficulties and approaches an ideal current meter; that is, 
there is essentially no voltage drop across the measuring 
circuit, since with enough open loop gain, A, the input 
impedance Ryj becomes very small. 


In selecting a current amplifier, the most important 
consideration is current noise, and bias current drift. 
Measuring accuracy is largely the ratio of current noise and 
drift to signal current, i,. To obtain the drift of error current 
I, referred to the input, use the following expression. 


Aegs R¢ + Rg Aig 
ate =| sie “ar fot 


Now, to make a proper selection you must pick an amplifier 
with an error current, I-, over the operating temperature 
which is small compared to the signal current, i,. Do not 
overlook current noise which may be more important than 
current drift in many applications. 


Gain Bandwidth Considerations, Expanded Discussion 

From the previous discussion, it is apparent that most 
general purpose operational amplifiers will usually give 
adequate performance for the DC and audio frequency range 
applications. However, to obtain unity gain bandwidth above 
2MHz, full power response above 20kHz and slewing rate 
above 6V/psec, in general, requires special design techniques. 
All amplifiers with wideband, fast response characteristics 
have been listed in the wide bandwidth group to simplify 

the selection for higher frequency applications. 


One factor often overlooked is that stray capacitance and 
impedance levels of the external feedback circuit can be the 


major limitation in high frequency applications. For example, 


in Figure 1A, if R¢ were one megohm, and stray capacitance, 
Cs, were one picofarad then the closed loop bandwidth 
would be limited to 160kHz (1/(27RfCs)) regardless of 
how fast the amplifier is. Moreover, output slewing rate will 
be limited by how fast Cg can be charged which in turn is 
related to signal level, e,, and input impedance, Rj, by 
deg/dt = -e,/RjC,. For these reasons it is usually not 
possible to obtain both fast response and high input 
impedance for an inverting circuit since both Rj and R¢ must 
be large to obtain high input impedance. 


Another advantage of the noninverting circuit (Figure 1B) 

is that input impedance, being determined by potentiometric 
feedback, does not depend on the impedance levels for Ry 
and R». Therefore, a low impedance can be used for RD sO 
that stray capacitance of C, will not limit the circuit’s band- 
width. In this case the minimum value for Ry is constrained 
only by the output current rating of the amplifier. Again the 
trade-off between the frequency response and input 
impedance of the inverting and noninverting circuits must 
be evaluated in light of the common mode rejection error 
introduced by the noninverter. | ? 
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For greater emphasis wideband applications can be separated 
into two categories — steady state and transient. Since the 
amplifier requirements for the two are somewhat different, 
these categories will be discussed separately. 


A. Steady State Applications 
Steady state applications involve amplifying or otherwise 
manipulating continuous sinusoidal, complex or random ~ 
waveforms. In these applications the eee issues in 
choosing an amplifier are as follows: 
1. Is DC coupling required? If DC nipeations is of no 
consequence, then the offset drift errors are not usually 
important and a capacitor can be used if necessary to block 
the output DC offset. Your only concern here is that DC 
offset at the output does not become so large, as might be 
the case with a high gain stage, that the output is saturated 
or the dynamic swing for AC signals is limited. One way to 
circumvent the latter problem is to use feedback to limit 
the gain at DC as shown in Figure 3. The gain of these circuits 
can be small at DC but large at high frequencies. 


Figure 3. DC Feedback Minimizes Output Offset 
for AC Applications 


2. What closed loop gain and bandwidth are required? 
Closed loop gain, G, is dictated by the application. To a first 
approximation the intersection of the open and closed loop 
gain curves in Figure 4 gives the closed loop bandwidth, 
f.1(-3dB). For high gain, wideband requirements, it may be > 
necessary, or more economical, to use two amplifiers in 
cascade each at lower gain. 


3. What loop gain is required or alternatively what gain 
stability, output impedance and/or linearity are necessary? 
The available loop gain at a particular frequency or over a 
range of frequencies is very often more important than 
closed loop bandwidth in selecting an amplifier. Loop gain ' 
as illustrated in Figure 4, is defined as the difference, in dB, 
or as the ratio, arithmetically, of the open to closed loop 
gain (AB = A/G). You will find in most of the equations 
defining the closed loop characteristic of a feedback 
amplifier that the loop gain (AQ ) is the determining factor 
in performance. Some of the more notable examples of this 
point are as follows: 


OPEN LOOP GAIN A 


_— LOOP GAIN-A8 


CLOSED LOOP 


CLOSED LOOP 
GAIN-—G BANDWIDTH—fz 


| o—<$—<—< fo _—-_ 


Figure 4. Closed Loop Bandwidth and Loop Gain 


a. Closed loop gain stability = AG/G 
AG/G = (AA/A) [1/(1 + AB)] where AA/A is the 
_ open loop gain stability, usually about 1%/°C. 


b. Closed loop output impedance = Zoq = Zo/(1 + AB), 
where Z, is the open loop output impedance, 
usually 200 to 5000 ohms. 


c. Ciosed loop nonlinearity = Ly = Lo)/(1 + AB), where Lo 
is the open loop linearity, usually less than 5%. 


Loop gain of 100, or 40dB, is adequate for most applications 
and this is readily achievable at DC and low frequencies. But 
note that loop gain decreases with increasing frequency 
which makes it difficult to obtain large loop gains at high 
frequencies. For this reason it may be necessary to use a 
10MHz unity gain amplifier in order to obtain adequate 
feedback over a 10kHz bandwidth. 


4. What full power response and/or slew rate are required? 
You should examine your expected output waveform and 
select an amplifier whose slewing rate exceeds the maximum 


~ rate of change of output signal. For a sinusoidal waveform 


with a peak voltage output equal to the rated amplifier 
output the.frequency should not exceed fp, the full power 
response of the amplifier. As the output signal voltage is 


reduced below the rated output voltage, the usable maximum 


frequency can be extended proportionately. If you do not 
observe these restrictions you will get distortion and 
unexpected DC offsets at the output of the amplifier. 


For some monolithic amplifier designs available today their 
frequency response is not a simple 6dB roll-off; the response 
may be shaped with external RC components for improved 
performance. Using feedforward or phase lag compensation 
networks, gain-bandwidth product and/or full power response 
may be shaped to meet varying design requirements. Most in- 
ternally compensated op amps offer a stable 6dB per octave 
roll-off with specified unity gain-bandwidth and slew rate 
thereby limiting maximum speed and response to those 
published specifications. 


B. Transient Applications 
In applications such as A/D and D/A converters and pulse 


amplifiers, the transient response of the wideband amplifier 
is generally more important than the gain bandwidth 
characteristic described above. Slewing rate, overload 
recovery and settling time are the specifications which 
determine the transient response. 

When applying the high frequency amplifier, it is important 
to understand how amplifier performance is affected by 
component selection as well as impedance levels used 
around the amplifier. 


Settling Time 

Settling time is defined as the time elapsed from the 
application of a perfect step input to the time when the 
amplifier output has entered and remained within a specified 
error band symmetrical about the final value (Figure 5). 
Settling time therefore includes the time required for the 
amplifier to slew from the initial value, recover from slew 
rate limited overload, and settle to a given error in the linear 
range. | 


Eo + AE 
ERROR FINAL VALUE, Eo a 


BAND 
w2-- 25 p- ~~~ f-------- Nc ----- 


DEAD aa ae 


TIME SLEWING RECOVERY | LINEAR SETTLING 


SETTLING TIME TO + — 


on + S x 100% 
oO 


Figure 5. Typical Settling Time Characteristics 


The time and frequency response of a linear, bilateral network 


or amplifier are related by well known mathematics. For ex- 


ample, the step response for a well behaved, ideally linear, 
6dB/octave amplifier with a closed loop bandwidth of wa 
is shown in Figure 6. 


However, since settling time is determined by a combination 
of amplifier characteristics (both linear and nonlinear) and 
because it is a closed loop parameter, it cannot be readily pre- 
dicted from the open loop specifications such as slew rate, 
small signal bandwidth, etc. 


Analog Devices specifies settling time for the condition of 
unity gain, relatively low impedance levels, and no 
capacitive loading. A full-scale step input is used to deter- 
mine settling time and the step is generally unipolar — i.e.: 
from zero to plus or minus full scale. The settling time 
indicated is generally the longest time resulting from a step 
of either polarity and is given as a percentage of the full 
scale step transition. 
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FINAL VALUE r= 1. Rules of Thumb 


Wel 


& 


(1) Remember that a 100k resistor generates 40nV rms in 
a 1Hz bandwidth. The noise voltages generated by other values 
of resistances in other bandwidths can be calculated by remem- 
bering that the noise is proportional to the square root of the 
resistance and the bandwidth; i.e. 


en (rms) = (40nV/V/Fiz) ( /—~— (Bw)) 


(2) To convert the rms noise to a p-p value, a conversion 
factor of 6.6uV p-p/LLV rms is applied for less than 0.1% pro- 
bability of noise peaks exceeding calculated limits. 


(3) The total rms noise contribution due to several noise 
: i es od sources is determined by the square root of the sum of the 


squares: 
2 2 rae 2 
Se tet & . . Sache ; ep= Veg +e teg +... € 
Settling time is a nonlinear function. It varies with the input . a *%b - a 


signal level and it is greatly affected by impedances external If any noise source is less than a third of another, it may be 
to the amplifier. neglected. The resulting error will be approximately 5%. 


Figure 6. Step Response for Linear 6dB/Octave Amplifier 


ERRORS DUE TO NOISE (4) Restricting the bandwidth of a system to the minimum 
usable and using the lowest impedances possible are ways to 


A major criterion in the selection of an amplifier for low level 
reduce noise. 


signals is the amplifier input noise, since this is usually the 
limiting factor on system resolution. In the general case, ampli- | DESIGN EXAMPLE 

fier noise can be characterized by a voltage source in series with _ Figure 7A illustrates a typical circuit with noise calculations 
the summing junction and a current source in parallel with the —s shown for each noise source. The total of the noise sources is 
summing junction. Whenever high source impedance is encoun- _ obtained by adding each of the individual sources in a RMS 
tered, current noise flowing through the source impedance will _ fashion. 
appear as an additional voltage noise, combining with the amp- 

lifier voltage noise. The sum of these noise sources will then be 

amplified along with the desired signal. For this reason, selec- 

tion of a particular amplifier must consider both the amplifier 

noise performance as well as the source impedance. 


Consideration must also be given to noise sources other than 
the amplifier whenever determining total system noise. RF 
noise may be fed into an amplifier through any connecting wire, 
including power supply and output leads. Adequate shielding 


and low-pass filters on all incoming leads will usually prevent GouboNeNt: -eAUse SUTPUT CONTRIBUTION 
noise pick-up. Rin Johnson Noise J&KTBRin (Re/Rin) 
: p F f Rs Johnson Noise J4KTBRs (Re/Rin + 1) 
Thermal noise is generated in any conductor or resistor as a Rr Johnson Noise JaRTBR 
result of thermal agitation of the electrons. This noise voltage ing Ame. Current Note ing Re 
: «s Po egg. es ; ing Amp. Current Noise ling Rs) (Re/Rin + 1) 
source, sometimes referred to as ‘‘Johnson Noise”’, is generated Me Ra VelitaNaee  vallaclee)) 


in the resistive component of any impedance and has a value: hee A Sh ie 
a / 4KTBR TOTAL NOISE =\/leny GI? [ens (G+ 1))? +e? pp + lin, RE)? +[ling Rs) (G+ 1)}? + [en (G + 10) 
where ep = the rms value of the noise voltage 

K = Boltzman’s Constant (1.38 x 107? joules/*K) 

T = absolute temperature of the resistance, °K 

B = the bandwidth in which the noise is measured 
Since noise is related to the bandwidth over which the meas- 
urement is made, no noise specification is meaningful unless 
the bandwidth for the specification is given. Although the 
Thermal Noise equation may appear unwieldy for practical 
noise calculations, all that is required to enable rapid approxi- 
mations is to apply a few simple rules of thumb. 


Figure 7A. Noise Components 


Figure 7B illustrates how the Rules of Thumb may be applied 
in a practical case to approximate the total output noise. In this 
example, AD504, or a low noise type amplifier is being used 
with a 50k{ source impedance. The two major noise sources, 

in addition to the AD504M input voltage noise of 0.6xV p-p, 
are the Johnson noise (58uV p-p) and current noise (100uV 


p-p). 
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GAIN = 100 

BW = 0.01 TO 10Hz 
Rg = 50k2 

Re = 10kQ 

Rin = 1002 


1) RESISTOR NOISE: Rr > 13nVA/Hz 
Rin * (1.3nVA/Hz) 100 
Rg + (28nVA/Hz) 101 = 2.8uVA/Rz 
TOTAL RESISTOR NOISE IN 10Hz BW = 
(2.8uVA/Hz) (/T0HZ) 6.6uV p-p/pV rms = 58yV p-p 


2) AMPLIFIER CURRENT NOISE: (50pA p-p) (50k) (101) = 252yV 
(50pA p-p) (10k) = 0.5nV 


3) AMPLIFIER VOLTAGE NOISE: (0.6uV p-p) (101) = 60.6uV p-p 


TOTAL OUTPUT NOISE = ,/(252)? + (60.6)? + (58)? ~ 265yV p-p 


Figure 7B. Design Example 


HOW THE OPERATIONAL AMPLIFIERS ARE CLASSIFIED 
To assist the designer in distinguishing among the many types 
available from Analog Devices, we have provided a Selection 
Guide, in which amplifiers are grouped in terms of common 
properties which have been optimized in order to satisfy the 
needs of specific classes of applications. Once the choice has; 
been narrowed to the manageable number of types in any 
group, distinctions can be drawn in terms of other require- 
ments or considerations. 


Temperature Range and Nomenclature. Analog Devices oper- 
ational-amplifier nomenclature uses suffixes to permit ready 
identification of the temperature range for which device 
operation to meet critical specifications has been designed 
or selected. The most popular range comprises the “‘com- 
mercial” temperatures from 0 to 70°C; it is designated by 
suffixes such as J, K, L, M, in order of increasingly tighter 
specs (e.g., AD741L). Also popular is the “military”’ range, 
-55°C to +125°C, designated by S, T, U, (e. g-, AD510S); not 


all families have types with specified performance i in this range. 


There are a few types designed for operation in the “‘in- 
dustrial” range, -25°C to +85°C, designated by A, B (e.g., 
model 51B). Wide-range types will generally meet the same or 
better specs in a narrower temperature range. A few types are 
second-sources for products originally introduced by other 
manufacturers. In those instances, the generic nomenclature is 
used (AD741C) or enlarged upon, if superior selections are 
offered (e.g., AD301AL). 


There are nine divisions by class of application, based on 
optimization of one or more key specifications. Versions 
of many devices in this class are available to meet require- 
ments of MIL-STD-883B; the availability of such devices 
will be noted on the data sheets. 


1. General-Purpose ICs. Amplifiers in this group include our 
lowest-cost devices. They are best-suited for general purpose 
designs with moderate drift requirements, down to 5uV/°C 
max (AD301AL), and gain-bandwidth to 8MHz (AD301A). 
Typical applications include summing, inverting, impedance 


buffering (followers), and active filtering. They are also use- 
ful for developing nonlinear transfer functions, with appro- 
priate external circuitry. 


Bipolar monolithic technology is used for all types. The 
AD741 is internally compensated; it does not require external 
capacitance for frequency compensation. On the other hand, 
the AD301A’s ability to be externally compensated, by either 
lag or feedforward circuitry, permits circuits with a wide range 
of dynamic performance characteristics to be handled. Extend- 
ed-temperature-range ea are the AD101A, AD201A, 
and AD741. 


2. Low Bias-Current, High Input-Impedance, FET-Input ICs. 
These types use the inherently high impedance and low 
leakage current of junction field-effect transistors (FET’s) 
to deal with configurations that either provide the mea- 
surement of low currents or require the use of high-resist- 
ance circuitry. 


Typical applications range from general-purpose high-im- 
pedance circuitry to integrators, current-to-voltage converters, 
and log-function generation, to measurements with high-im- 
pedance transducers, such as photomultipliers, flame detectors, 
PH cells, and radiation detectors. 


The performance range is from the 75fA (75 x 1075 A) maxi- 
mum bias current of the AD515L electrometer to the 50pA 
max of the general purpose, lowest-cost AD540J. The AD542 
is a low-cost, laser-wafer-trimmed (LWT) monolithic implanted 
FET input amplifier with low offset and drift. The AD544 is 
similar, but has higher speed. Low bias current does not ne- 
cessarily imply large voltage offsets; the AD515K combines a 
150fA LO. 15pA) max bias current with 1.0mV max offset and 
15uV/°C max voltage drift; comparable figures for the 
AD547L are 25pA, 0.25mV and 1uV/°C. 


The types of amplifiers in this group either are completely 
monolithic or employ matched FET’s and a special bipolar 
amplifier chip designed to accommodate the input FET’s 
electrically. In nearly all the IC’s, thin-film resistors are 
deposited on the chip at critical circuit locations to ensure 
stability; low offsets and drift are achieved by laser-trimming 
of circuit balance. All FET-input op amps from Analog 
Devices are manufactured to meet their published bias-current 
specifications after full warmup (some manufacturers specify 
initial current, which is lower than warmed-up bias current). 
Our published max bias-current specification applies to either 
input (some manufacturers call ‘‘bias current” the average of 
the two input currents). Bias current of junction FET’s ap- 
proximately doubles for every 10°C increase of temperature. 


3, FET-Input Dual ICs, The AD642, AD644, and AD647 are 
a single-chip pair of trimmed implanted-FET-input (TRIFET) 
op amps similar to the AD542, AD644, and AD547 with low 
warmed-up bias current (35pA max — K, L, S), low offset 
voltage (0.5mV max — L), low offset-voltage drift (2. suv’ C 
max — L), and excellent Vo, matching (0.25mV max — L). 
Besides applications calling for more than one FET-input op 
amp at low cost per function, the AD647 is especially useful 
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in applications calling for matched duals, such as log-ratio 
amplifiers, FET-input instrumentation amplifiers, and buf- 
fering of differential signals. The AD644, a wideband version, 
was designed for fast DAC amplifiers, sample and hold, filters 
and wideband instrument amplifiers. 


4. Electrometers, This class comprises the lowest bias-current 
devices, the AD515. The AD515L, with its 75fA input bias 
current, ImV max offset, and 25uV/°C offset tempco, has 
differential inputs, and can be used in voltage measurements 
at high impedance, as a follower, or in current measurements, 
as an inverter, or even differentially. 


5. High-Accuracy Low-Drift Differential-Input ICs. “‘Chopper- 
less’’ low-drift designs with differential inputs, optimized for 
voltage offset and drift, dc open-loop gain, and CMR, should 
be considered for high-accuracy instrumentation, low-level 
transducer bridge circuits, precision voltage comparators, and 
for impedance buffer designs, 


Performance of internally compensated premium amplifiers in 
this group ranges from the ADOP-07A’s 25uV max offset volt- 
age and 0.6uV/°C drift, and the AD517L’s 50uV max offset 
voltage and 1. 3uv/° C drift, combined with 1nA max bias cur- 
rent (1.5nA max over the temperature range), and CMR of 
110dB- min, to the low-cost AD741L’s maximum offset of 
0.5mV and max offset tempco of 5uV/°C, with 100nA max 

bias current over the temperature range, and CMR of 90dB min. 


The ADOP-07 is a superior second source to other OP-07 
families; for example, ADOP-07AH has minimum Bey of 
3 x 10° V/V compared to 3 x 10° V/V. 


Among uncompensated op amps, the premium range is from 
the AD504M, with 0.5mV maximum offset voltage, 0.5uV/°C 
max drift, 100nA max bias current over the temperature range, 
and 110dB CMR, to the low-cost AD301AL, with max offset 
of 0.5mV, max drift of 5uV/°C, max bias current of 45nA 
over the temperature range, and minimum CMR of 90dB. For 
applications in which low noise is essential, the AD504M has 
100%-tested guaranteed maximum voltage noise of 0.6uV p-p, 
for the frequency range 0.1 to 10Hz, and maximum spot noise 
of 13, 10, and 9nVA/Hz and 0.6, and 0.3pA/A/Hz, at 100Hz, 
and 1000Hz, respectively. 


External dynamic compensation permits considerably greater 
bandwidths, at higher gains, than are available with the 
compensated AD517 and AD510 families. For example, with 
a 3.9pF compensating capacitor, the AD504’s typical small- 
signal bandwidth is 100kHz at a gain of 200, vs. 1.5kHz for the 
internally compensated AD5 10; under the same conditions, the 
full-power bandwidth of the AD504 is 30kHz, vs. 1.5kHz for 
the AD510. With feedforward compensation, the AD301AL 
has a full-power bandwidth in excess of 150kHz, for inverting 
applications. 

The AD741J/K/L and the AD301AL are selected from 
production lots of the generic AD741 and AD101A types. 
The AD504, AD510, and AD517 are thermally balanced 

for low drift and high gain (independent of output loading), 
with inputs that are bootstrapped for high CMR and protected 
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against overloads to prevent bias-current degradation due to 
reverse breakdown. Thin-film resistors, deposited on the chip, 
are another key to the stability of these amplifiers. The AD510 
and the AD517 employ super-beta input transistors to achieve 
low bias current, and they are laser-trimmed at the wafer-probe 
stage (LWT) to achieve their excellent offset-voltage specifi- 
cations at low cost. Since the bias currents are always of one 
polarity, they can be nulled at a given temperature with simple 
circuitry; and the change over the temperature range will be 
considerably less than for low-cost FET-input amplifiers having 
comparable specifications. 


Extended-temperature-range equivalents are AD504S, AD5 10S, 
AD714S, and AD517S. 


6. Wide Bandwidth, Fast-Settling ICs. High-speed op amps 
are characterized by high slewing rates, fast settling time, 
and wide bandwidth. Fast settling time is especially im- 
portant in applications with rapidly changing or switched 
analog data, in buffers, d/a converters, and multiplexer cir- 
cuitry; wide small-signal bandwidth is important in preampli- 
fication and in handling low-level wideband ac signals; high 
slewing rate is associated with fast settling time and is also 
important in handling ac signals having large magnitudes with 
minimal distortion, since the large-signal bandwidth is closely 
related to the slewing rate. 


The products in this category with outstanding specifications 
are models HOS-050, AD3554 and AD380. Settling of the 
hybrid HOS-050 is to within 0.01% in 300ns in the invert- 
ing connection. Model AD3554 max slewing rate is 1000V/ 
Us inverting, and small-signal unity-gain bandwidth is 70MHz; 
full-power bandwidth is 16MHz, min. In addition, all of these 
devices will deliver +100mA of output current at +10V, an 
important factor in video and line-driver circuitry, and in 
driving capacitive loads, For example, the current required 

to sustain 500V/us in a 100pF load is I = C dV/dt = 50mA. 
AD380 is optimized for settling time: 250ns maximum to 
0.01%, inverting or noninverting, with output of +50mA 

at t10V. 


There are three families of monolithic ICs listed in this cate- 
gory, with slewing rates ranging from 25V/us min to 100V/us 
min. The AD5O9S is the fastest slewing (100V/us min) and 
settling (500Ons min to 0.1% and 2.5us min to 0.01%). The 
ADS507K is the best all-around performer, with small-signal 
bandwidth of 35MHz, slewing rate of 25V/us min, and typi- 
cal settling to 0.1% within 900ns, in addition to open-loop dc 
gain of 10° min, drift of 15uV/°C max, and bias current of 
15nA max. The AD518J is the lowest in cost, yet it slews at 
50V/us min, and typically settles to within 0.1% in 800ns, 
with single-capacitor compensation. 


Extended-temperature-range equivalents are models AD507S, 
AD509S and AD518S. 


eR 


DEFINITIONS OF SPECIFICATIONS 


Absolute Maximum Differential Voltage 

Under most operating conditions, feedback maintains the error 
voltage between inputs to nearly zero volts. However, in some 
applications, such as voltage comparators, the voltage between 
the inputs can become large. This specification defines the 
maximum voltage which can be applied between inputs with- 
out causing permanent damage to the amplifier. 


Common-Mode Rejection 

An ideal operational amplifier responds only to the difference 
voltage between inputs (e* — e7) and produces no output for 
a common-mode voltage, that is, when both inputs are at the 
same potential. However, due to slightly different gains be- 
tween the plus and minus inputs, or variations in offset voltage 
as a function of common-mode level, common-mode input 
voltages are not eliminated at the output. If the output error 
voltage, due to a known magnitude of common-mode voltage, 
is referred to the input (dividing by the closed-loop gain), it re- 
flects the equivalent common-mode error voltage (CME) be- 
tween the inputs. Common-mode rejection ratio (CMRR) is 
defined as the ratio of common-mode voltage to the resulting 
common-mode error voltage. Common-mode rejection is often 
expressed logarithmically: CMR (in dB) = 20 logio (CMRR). 


The precise specification of CMR is complicated by the fact 
that the common-mode voltage error can be a highly nonlinear 
function of common-mode voltage and also varies with tem- 
perature. As a consequence, CMR data published by Analog 
‘Devices are average figures, assuming an end-point measure- 

" ment over the common-mode range specified. The incremental 
CMR about small values of common-mode voltage may be 
greater than the average CMR specified (on the other hand, the 
incremental CMR may be less in the neightborhood of large 
CMV). Published CMR specifications for op amps pertain to 
very low-frequency voltages, unless specified otherwise; CMR 
decreased with increasing frequency. 


Common-Mode Voltage, Maximum 

For differential-input amplifiers, the voltage at both inputs can 
swing about ground (power-supply common) level. Common- 
‘mode voltage is defined as any voltage (above or below ground) 
that could be observed at both inputs. The maximum com- 
mon-mode voltage is defined as that voltage which will pro- - 
duce less than a specified value of common-mode error. This 
establishes the maximum input voltage for the voltage-follower 
connection. 


Drift vs. Supply 

Offset voltage, bias current, and difference current vary as 
supply voltage is varied. Usually, dc errors due to this effect 
are negligible compared to drift with temperature. No infer- 
ence may be drawn from this low-frequency specification con- 
cerning the effects of rapid variation of voltage at the supply 
terminals. 


Drift vs. Temperature 
Offset voltage, bias current, and difference current all change, 
or “‘drift’’, from their initial values with temperature. This is 


by far the most important source of error in most precision 
applications. The temperature coefficients (tempcos) of those 
parameters are all defined as the average slope over a specified 
temperature range. Drift can be a nonlinear function of tem- 
perature (though it is often quite linear over limited tempera- 
ture ranges); the slopes generally are greater at the extremes of 
temperature than around normal ambient (+25°C), which gen- 
erally means that for small temperature excursions in the vi- 
cinity of +25°C, the specification is conservative. 


Analog Devices precision operational amplifiers are specified 
by three- (or more-) point measurements, at 25°C and at the 
high and low extremes of the range (Ty, TL), with the ampli- 
fier adjusted to zero at room temperature. The sum of the 
magnitudes of the drifts in the two ranges must be less than 
the specified drift rate (uV/°C or nA/°C) multiplied by the 
total temperature range (modified “‘butterfly”’), or, in some 
cases, the magnitude of the drifts in both ranges must be less 


True Butterfly Spec Modified Butterfly Spec 
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than the specified drift rate multiplied by the respective tem- 
perature ranges (‘‘true butterfly”’). 


The lowest-cost second-source IC amplifiers are specified only 
in terms of the maximum value of the parameter (e.g., offset 
voltage) over temperature in the specified range. 


Drift vs. Time 
Offset voltage, bias current, and difference current change with 


' time as components age. It is important to realize that drift 


with time is random, and rarely — if ever — accumulates line- 
arly for healthy devices. For example, voltage drift for a chop- 
per-stabilized amplifier might be quoted at 1uV/day, whereas 
cumulative drift over 30 days might not exceed 5yV, or 15uV 
in a year (e.g., model 235). A convenient rule of thumb for 
extrapolation is to divide the drift for a stated interval by the 
square root of its ratio to any other interval of interest. 


Full-Power Response 

The large-signal and small-signal response characteristics of 
operational amplifiers differ substantially. An amplifier’s out- 
put will not respond to large signal changes as fast as the small- 
signal bandwidth characteristics would predict, primarily be- 
cause of slew-rate limiting in the output stages. Full-power re- 
sponse is specified in two ways: full linear response and full 
peak response. Full linear response is specified in terms of the 
maximum frequency, at unity closed-loop gain, for which a 
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sinusoidal input signal will produce full output at rated load 
without exceeding a pre-determined distortion level. There is 
no industry-wide accepted value for the distortion level which 
determines the full-linear-response limitation, but we use 3% 
as a maximum acceptable limit for modules. 


In many applications, the distortion caused by exceeding the 
full linear response can be comfortably ignored, but a more- 
serious effect (often overlooked) is an effect equivalent to a 
dc offset voltage that can be generated when full linear 
response is exceeded, due to rectification of the asymmetrical 
feedback waveform or overloading of the input stage by large 
distortion signals at the summing junction. 


Another frequency response that is often if interest is the 
maximum frequency at which full output swing may be ob- 
tained, irrespective of distortion. This is termed “‘full peak re- 
sponse”’ and can often be found in a plot of output voltage 
swing vs. frequency. 


Initial Bias Current 

Bias current is defined as the current required at either input 
from an infinite source impedance to drive the output to zero 
(assuming zero common-mode voltage). For differential ampli- 
fiers, bias current is present at both the negative and the posi- 
tive input. All Analog Devices specifications pertain to the 
larger of the two, not the average. For single-ended amplifiers 
(i.e., chopper types), bias current refers to the current at the 
input terminal. 


Analog Devices specifies initial bias current, Ip, as the bias 
current at ejther input, specified at +25°C ambient with the 
input junctions at normal operating temperature (some manu- 
facturers specify initial bias current at power turn-on. Such 
specifications may be misleading. For example, i in FET-input 

amplifiers, bias current is doubled for each 10° C increase; 
since junction ReHIpcretutcs may warm up to 20°C or more 
above ambient, the “‘initial bias current” spec used by some 
manufacturers may be met only during a brief interval after 
the power is burned on, and I, may be quadrupled under 
ordinary operation conditions.) 


Initial Difference Current 

Difference current is defined as the difference between the bias 
currents at the two inputs. The input circuitry of differential 
amplifiers is generally symmetrical, so that bias currents at 
both inputs tend to be equal and tend to track with changes in 
temperature and supply voltage. Therefore, difference current 
is often about 0.1 times the bias current at either input, 
assuming that initial bias current has not been compensated at 
the input terminals. For amplifiers in which bias currents 
track, it is often possible to reduce voltage errors due to bias 
current and its variations by the use of equal resistance loads 
at both inputs. 


Input Impedance 

Differential input impedance is defined as the impedance 
between the two input terminals at +25°C, assuming that the 
error voltage is nulled or very near zero volts. To a first approxi- 
mation, dynamic impedance can be represented by a capacitor 
in parallel with a resistor. 
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Common-mode impedance, expressed as a resistance in parallel 


with a capacitance, is defined as the impedance between each 
input and power-supply common, specified at +25°C. For 
Most circuits, common-mode impedance on the negative input 
has little significance, except for the capacitance which it adds 
at the summing junction (one exception is electrometer cir- 
cuitry). However, common-mode impedance on the plus input 
sets the upper limit on closed-loop input impedance for the 
non-inverting configuration. Common-mode impedance is a 
nonlinear function of both temperature and common-mode 
voltage. For FET-input amplifiers, common-mode resistance is 
reduced by a factor of two for each 10° of temperature rise. 
As a function of common-mode voltage, the resistive com- 
ponent is defined as the average resistance for a common-mode 
change from zero to the maximum common-mode voltage. 
Incremental resistance may be less than the specified average 
value, especially at full-scale for some FET-input amplifiers. 


Input Offset Voltage — 

Offset voltage is defined as the voltage required at the input 
from zero source impedance to drive the output to zero; its 
magnitude is measured by closing the loop (using low values of 
resistance) to establish a large fixed gain, measuring the ampli- 
fied error at the output, and dividing the measured value by 
the gain. 


The initial offset voltage is specified at +25°C and rated supply 
voltage. In most amplifiers, provisions are made to adjust in- 
itial offset to zero with an external trim potentiometer. 


Input Noise 

Input voltage- and current-noise characteristics can be speci- 
fied and analyzed in much the same way as offset-voltage and 
bias-current characteristics. In fact, long-term drift can be con- 
sidered as noise which occurs at very low frequencies. The 
primary difference is that, when evaluating noise performance, 
bandwidth must be considered. Also rms noise from different 
sources is summed by root-sum-of-squares, rather than linear, 
addition. Depending on the amplifier design, noise may have 
differing characteristics as a function of frequency, being 
dominated by “‘1/f noise”, resistor noise, or junction noise, at 
various frequencies. 


For this reason, several noise specifications are given. Low- 
frequency noise in the band 0.01 to 1Hz (or 0.1 to 10Hz) is 
specified as peak-to-peak, with a 3.30 uncertainty, signifying 
that 99.9% of the observed peak-to-peak excursions will fall 
within the specified limits. Wideband noise IS specified as rms. 
For some types, spectral-density plots or “spot noise’’, at spe- 
cific frequencies, in uV/A/Hz or pA//Hz, are provided. 


Open-Loop Gain 

Open-loop gain is defined as the ratio of a change of output 
voltage to the voltage applied between the amplifier inputs 

to produce the change. Gain is specified at dc. In many appli- 
cations, the frequency dependence of gain is important; for 
this reason, the typical open-loop gain as a function of fre- 
quency is published for each amplifier type. See also unity gain 
small-signal response. 


Overload Recovery 

Overload recovery is defined as the time required for the out- 
put voltage to recover to the rated output voltage from a satu- 
rated condition caused by a 50% overdrive. Published specifi- 
cations apply for low impedances and contain the assumption 
that overload recovery is not degraded by stray capacitance in 
the feedback network. 


Rated Output 

Rated output voltage is the minimum peak output voltage 
which can be obtained at rated current or a specified value of 
resistive load before clipping or out-of-spec nonlinearity occurs. 
Rated output current is the minimum guaranteed value of cur- 
rent supplied at the rated output voltage (or other specified 
voltage). Load impedances less than the specified (or implied) 
value can be used, but the maximum output voltage will de- 
crease, distortion may increase, and the open-loop gain will be 
reduced. (All models are short-circuit protected to ground, and 
many are safe against shorts to the supplies.) 


Settling Time 

Settling time is defined as the time elapsed from the applica- 
tion of a perfect step input to the time when the amplifier out- 
put has entered and remained within a specified error band 
symmetrical about the final value. Settling time, therefore, in- 
cludes the time required: for the signal to propagate through 
the amplifier, for the amplifier to slew from the initial value, 
recover from slew-rate-limited overload (if it occurs), and set- 
tle to a given error in the linear range. It may also include a 
“long tail” due to the time required to reach thermal equilib- 


rium, or the settling time of compensation circuits. Settling 
time is usually specified for the condition of unity gain, rela- 
tively low impedance levels, and no (or a specified value of) 
capacitive loading, and any specified compensation. A full- 
scale unipolar step input is used, and both polarities are tested. 


Although settling time can generally be grossly inferred from 
the other amplifier specifications (an amplifier that has extra- 
wide small-signal bandwidth, extra-fast slewing, and excellent 
full-power response may reasonably — but not always — be 

expected to have fast settling), the settling time cannot usually | 
be rationally predicted from the other dynamic specifications. 


Slewing Rate 

The slewing rate of an amplifier, usually in volts per micro- 
second (V/us), defines the maximum rate of change of output 
voltage for a large input step change. 


Unity-Gain Small-Signal Response 


Unity-gain small-signal response is the frequency at which the 
open-loop gain falls to 1V/V, or OdB under a specified com- 
pensation condition. ‘Small signal” indicates that, in general, 
it is not possible to obtain large output voltage swing at high 
frequencies because of distortion due to slew-rate limiting or 
signal rectification. For amplifiers with symmetrical response 
for signals applied to either input, the dynamic behavior will 
be consistent for both inverting and non-inverting configura- 
tions. However, if feedforward compensation is used, fast re- 
sponse will be available only on the negative input, restricting 
fast applications of the device to the inverting mode. 
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Gilbert, ANALOG DIALOGUE 9-1, 1975 
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‘“‘How to Select Operational Amplifiers”, Application Note 
Section 21 of Volume I 


“An IC-Amplifier User’s Guide to Decoupling, Grounding, and 
Making Things Go Right for a Change,” by A. P. Brokaw, 
Application Note Section 21 of Volume I 


“‘Laser-Trimming on the Wafer, A Powerful New Tool for IC’s” 
by R. Wagner, ANALOG DIALOGUE 9-3, 1975 


“Noise and Operational Amplifier Circuits’? by L. Smith and 
D. Sheingold, ANALOG DIALOGUE 3-1, 1969 


“Op Amps as Electrometers,””, ANALOG DIALOGUE 5-2, 1971 


“Settling Time of Operational Amplifiers’ by R. Demrow, 
ANALOG DIALOGUE 4-1, 1970 


“Simple Rules for Choosing Resistance Values in Adder- 
Subtractor Circuits” by D. Sheingold, ANALOG 
DIALOGUE 10-1, 1976 | 


“Specifying and Measuring a Low-Noise FET-Input IC Op 
Amp” by Bill Maxwell, ANALOG DIALOGUE 8-2, 1974 


‘“‘How to Test Operational Amplifier Parameters’, Application 
Note Section 21 of Volume I 


& 


USEFUL TUTORIAL MATERIAL IN DA TA SHEETS 


Electrometer Circuitry, see AD515 and Models 310/311 
High-Speed Amplifiers, see AD518 and Models 50/51 
Low-Drift Differential Op Amp Performance, see AD504 


Low-Level Applications of Chopper-Stabilized Amplifiers: 
Inverting, see Models 234, 235 
Non-Inverting, see Model 261 


ANALOG General Purpose Low Cost 
DEVICES IC Operational Amplifier 


ADIO1A, AD201A, AD301A, AD3OIAL 


Low Bias and Offset Current AD101 SERIES FUNCTIONAL BLOCK DIAGRAMS 4 
Single Capacitor External Compensation 


for Operating Flexibility 
Nullable Offset Voltage COMPENSATION 


No Latch-Up BALANCE © ow 
Fully Short Circuit Protected 


Wide Operating Voltage Range | we 


TO-99 MINI DIP 
TOP VIEW 


OUTPUT 


(5) v- £4] | 5 | BALANCE 


BALANCE 


GENERAL DESCRIPTION SCHEMATIC DIAGRAM 
The Analog Devices AD101A, AD201A, AD301A and 
AD301AL are high performance monolithic operational ampli- 
fiers. All the circuits feature full short circuit protection, ex- 
ternal offset voltage nulling, wide operating voltage range, and 
the total absence or “latch-up’’. Because frequency compensa- incurs 
tion is performed externally with a single capacitor (30pF 
maximum), the AD101A, AD201A, AD301A and AD301AL 
provide greater flexibility than internally compensated ampli- 
fiers since the degree of compensation can be fitted to the 


specific system application. ee 
The AD101A and AD201A have identical specifications 1 in the Bs 

TO- 99 package; the former guaranteed over the “55 °C to 

+125°C temperature range, and the latter over -25°C to +85°C. 


The AD201A is also available in the mini- ‘DIP package for high 
performance operation over the 0 to +70°C temperature range. 
The AD301A is specified for operation over the 0 to +70°C od 
temperature range in both the TO-99 and mini-DIP packages. = 
The AD301AL is the highest accuracy version of this series. 

Improved processing and additional electrical testing allow the 

user to achieve precision performance at low cost. The device 

provides substantially increased accuracy by reducing errors 

due to offset voltage (0.5mV max), offset voltage drift 

(5.0uUV/°C max), bias current (30nA max), offset current 

(SnA max), voltage gain (80,000 min), PSRR (90dB min), 

and CMRR (90dB min). The AD301AL is also specified 

from 0 to +70°C and is available in the TO-99 can or 8- -pin 

mini-DIP. 


COMPENSATION COMPENSATION 


iin aa 


260 BALANCE o (1) BALANCE 
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SP ECIF ICATIONS (typical @ +25°C and +15V dc, unless otherwise specified) 


ABSOLUTE MAXIMUM RATINGS AD101A, AD201A, AD301A, AD301AL 
unless otherwise specified 


Supply Voltage 


AD101A, AD201A +22V 
AD301A, AD301AL +18V. 
Power Dissipation’ 
TO-99 (Metal Can) 500mW 
Dual In-Line (Mini-DIP) 500mW 
Differential Input Voltage +30V 
Input Voltage” +15V 
Output Short Circuit Duration? Indefinite 
Operating Temperature Range 
AD101A -55°C to +125°C 
AD201A (TO-99) -25°C to +85°C 
AD201A (Mini-DIP) 0 to +70°C 
AD301A, AD301AL 0 to +70°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 60sec) 300°C 


ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise specified)* 
AD101A/AD201A AD301A AD301AL 


Parameter Conditions Min Typ i Typ Min Units 
Input Offset Voltage Rg 10k mV 
Input Offset Current nA 
Input Bias Current nA 
Input Resistance MQ 
Supply Current Vy = +20V mA 
Vy = $15V mA 
Large Signal Voltage Gain Vy = 15V, Voyz = t10V, 
Ry 2 2kQ 
The Following Specifications Apply Over the Operating Temperature Ranges* 
Input Offset Voltage Rs S10kQ2 mV 
Input Offset Current nA 
Average Temp. Coefficient T, (min) <T, ST, (max) 
of Input Offset Voltage 
Average Temp. Coefficient +25°CX<T, <T, (max) 
of Input Offset Current T, (min)<T, S +25°C 
Input Bias Current nA 
Large Signal Voltage Gain Vy = £15V, Voyrz = +10V, 
R, 2 2kQ 
Input Voltage Range Vo = t20V Vv 
. Vg = +15V Vv 
Common Mode Rejection Ratio Rg SS50kQ dB 
Supply Voltage Rejection Ratio Rg <50k2 dB 
Output Voltage Swing Vy = $15V, Ry = 10k2 Vv 
Vs = £15V, Rp = 2kQ Vv 
Supply Current Ta = Ta (max), Vg = +20V 


1 The maximum desirable junction temperatyre of the AD101A is +150°C; that of the AD201A, AD301A and AD301AL is 
+100°C. For operating at elevated scaipestures devices must be derated based upon a thermal resistance of +150°C/W, 
junction to ambient, or +45°C/W, junction to case. The thermal resistance of the Dual In-Line package is +160°C/W, junction 
to ambient. 

? For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 

3 For the AD301A and AD301AL continuous short circuit is allowed for case temperatures to +70°C and ambient temperatures 
to +55°C. . 

“Unless otherwise specified, these specifications apply for supply voltages and ambient temperatures of +5V to +20V and -55°C 
to +125°C for the ADI01A, +5V to +20V and -25°C to +85°C for the AD201AH (0 to +70°C for the AD201AN), and +5V to 
+15V and 0 to +70°C for the AD301A and AD301AL. 

Specifications subject tu change without notice. 
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V/mV 


Applying the IC Operational Amplifier 


ORDERING GUIDE 


PACKAGE 
MODEL TEMP RANGE ORDER NUMBER* OPTION** 
AD301AL 0 to +70°C AD301AL TO-99, N8A 
AD201A —25°C to +85°C AD201A TO-99, N8A 
AD301A 0 to +70°C AD301A TO-99, N8A 
AD101A —§5°C to +125°C AD101AH TO-99 


*Add package type letter: H = TO-99, N = Mini DIP. 
**See Section 20 for package outline information. 


FREQUENCY COMPENSATION CIRCUITS 


C, Cs = 30pF 


Figure 1. Single Pole Compensation Figure 2. Two Pole Compensation Figure 3. Feedforward Compensation 


GUARANTEED PERFORMANCE CURVES (Curves apply over the Operating Temperature Ranges) 
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TYPICAL PERF ORMANCE CURVES 


120 
100 

[oe] 
a) > 
! 100 o i: 
5 7 9 
5 z z 
uw 80 [s) FA 
ul 5 oO 
wi a < 
2 60 « a 
g > ° 
2 ~ > 
Fe] & S 
= 2 2 
i 
ro) 


10 100 1k 10k 100k %IM 10M 
FREQUENCY — Hz FREQUENCY — Hz sure cunheNt: eae 


Common Mode Rejection Power Supply Rejection Current Limiting 


§ 100} — 225 
: 33 180 g : g @ | 180 
< 60 135 < : 2 60 135 1 
: “G NNWee : : : gs Sn : 
gett tt NS : : - DER: 
ss esorentae ae 
“200 100 1k 10k 100K es 70M “+10 100. 1k 10k 100k 1M 10M ak 100. 1k 10k 100k 1M 10M 100M 
FREQUENCY — Hz FREQUENCY — Hz FREQUENCY — Hz 
Open Loop Frequency Response Open Loop Frequency Response Open Loop Frequency Response 
16 16 
Hime on THO Ot a 
> CUTIE fa! = Crp eres a 
: RICH 2 NIU TT = | NU TU 
6 LUI Nes" [TT ea IN TT gt | NU LT 
3 ol N Ate : Tt 2 LING TU 
: iit NGI UT : 7 a 
ett: Pea SU 
bie TINS WINS Aer Wee 
* aed Hz FREQUENCY - Hz me ioe Hz 
Large Signal Frequency Response Large Signal Frequency Response Large Signal Frequency Response 
10 
: [Sau aae 
3 a con el Oe i oe > 
2 2 EA] | feo tt g 
é ¢ LA : 
8 a : 
a rs 
$ - S$ 4 8 - 
a POLE 
8 COMPENSATION 
TIME — us " TIME — us TIME — us 
Voltage Follower Pulse Response Voltage Follower Pulse Response Inverter Pulse Response 


VOL. 1, 4-20 OPERATIONAL AMPLIFIERS 


ANALOG | Wideband, Fast-Settling 
DEVICES FET Operational Amplifier 


7 AD380 


FEATURES 


High Output Current: 50mA @ +10V AD380 FUNCTIONAL BLOCK DIAGRAM 4 
Fast Settling to 0.1%: 130ns 


High Slew Rate: 330V/ys 


High Gain-Bandwidth Product: 350MHz NC @. FREQUENCY 
High Unity Gain Bandwidth: 40MHz Qa 
ET 
Low Offset Voltage (ImV for AD380K, L, S) ona @ ©,\ 
INVERTING 
Bt (9) out 
NONINVERTING (8) OFFSET 
INPUT ©) 
vO @O@ 
: nc NC 
12-PIN TO-8 STYLE 
TOP VIEW 
PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 
The AD380 is a hybrid operational amplifier that combines the 1. The AD380’s high output current (SOmA @ + 10V) makes it 
low input bias current advantages of a FET input stage with the suitable for driving terminated 2002 twisted pair outputs. 
high slew rate and line driving capability of a fast, high power 2. The fast settling output (250ns to 0.01%) makes the AD380 
output amplifier. an ideal choice for video A/D and D/A converters and sample 
The AD380 has a slew rate of 330V/us and will output + 10V and hold applications. 
and +50mA. A single external compensation capacitor allows 3. The settling wave forms are not only fast but are also very 


the user to optimize the bandwidth slew rate, or settling time 


; ey smooth. The absence of large overshoot and oscillations 
for the given application. 


makes the AD380 a very predictable and dependable system 
A true differential input ensures equally superior performance ~ element. 


in all system designs whether they are inverting, noninverting, 4. The high gain-bandwidth product (350MHz) ensures low 
or differential. distortion in high frequency applications. 

The AD380 is especially designed for use in applications, such 5. Laser trimming techniques reduce offset voltage to ImV on 
as fast A/D, D/A and sampling circuits, that require fast and the AD380K, L and S grades 

smooth settling and FET input parameters. ; 


The AD380 is offered in three commercial versions, J, K and L 
specified from 0 to + 70°C and one military version, the S, 
specified from — 55°C to +125°C. All grades are packaged in 
hermetically sealed TO-8 style cans. The S grade is available 
screened to MIL-STD-883, Level B. 
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SPECIFICATIONS (typical @ + 25°C and V, = +15V de unless otherwise specified) | 


MODEL .  AD380J AD380K AD380L AD380S! 
OPEN LOOP GAIN | = : | 
Vout = +10V, Ri =2000 25,000 min * * * 
OUTPUT CHARACTERISTICS . 
Voltage @ Ry, = 2000, Ta, = min to max +12V(+10V min) ii * m 
Output Impedance (Open Loop) 1000 * * x 
Short Circuit Current 100mA * * * 
DYNAMIC RESPONSE 
Unity Gain, Small Signal 40MHz * * * 
Gain-Bandwidth Product? 350MHz . * * 
Full Power Response 6MHz x * * 
Slew Rate 330V/ps * x x 
Settling Time: 10V Step to 1% 90ns : * * 
10V step to 0.1% 130ns * * * 
10V step to 0.01% 250ns * * * 
INPUT OFFSET VOLTAGE? 2.0mV max 1.0mV max as dal 
vs. Temperature* 502V/°C max 20n.V/°C max 10p.V/°C max 20%V/°C max 
vs. Supply, Ta = min tomax ImV/V max us . . 
INPUT BIAS CURRENT 
Either Input? 200pA max 100pA max kal lal 
Input Offset Current 20pA . 7 * 
INPUT IMPEDANCE 
Differential 10'6pF * * | * 
Common Mode 10'%6pF * * | * 
INPUT VOLTAGE RANGE 
Differential® +20V * * * 
Common Mode +12V(+10V min) . al * 
Common Mode Rejection, Vin = + 10V 60dB min = al * 
POWER SUPPLY 
Rated Performance +15V_ . * * 
Operating +(10to 20)V * x x 
Quiescent Current 12mA (15mA max) * * * 
VOLTAGE NOISE ; 
0.1Hz to 100Hz 4uVp-p(0.5pVrms) * * * 
100Hz to 10kHz 5pnV p-p(lupV rms) * m * 
10kHz to 1MHz 50nV p-p (6zV rms) x _ x 
TEMPERATURE RANGE 
Operating, Rated Performance Oto + 70°C Pi, . — 55°C to + 125°C 
Storage — 65°C to + 150°C . i! - 
PACKAGE OPTION’ | 
TO-8 Style (H12A) AD380JH AD380KH AD380LH AD389SH 
NOTES | 
'The AD380SH is offered screened to MIL-STD-883, Level B. minutes of operation at IT, = + 25°C. For higher temperatures, the current 
2Gain-Bandwidth Product measured at f = 10MHz, Cr = OpF. doubles every 10°C. 
3Input Offset Voltage specifications are guaranteed after 5 minutes of operation at “Defined as the maximum safe voltage between inputs, such that neither exceeds 
Ta = +25°. + 10V from ground. 
“Input Offset Voltage Drift is specified with the offset voltage unnulled. Nulling 7See Section 20 for package outline information. 
will induce an additional 34V/°C/mV of nulled offset. *Specifications same as AD380J. 
Bias Current specifications are guaranteed maximum at either input after 5 **Specifications same as AD380K. 


Specifications subject to change without notice. 


TYPICAL APPLICATION 
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Output Settling Time vs. 
Output Voltage Swing and Error Noninverting Unity Gain Amplifier 
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High Speed, Low Drift 
FET Operational Amplifier 


AD381 


FEATURES 

High Slew Rate: 30V/us 

Fast Settling to 0.01%: 700ns 

High Output Current: 10mA 

Low Drift (5uV/°C—AD381L) 

Low Offset Voltage (0.25mV—AD381L) 

Low Input Bias Currents (25pA—AD381L, K) 
Low Noise (2uV p-p) 


PRODUCT DESCRIPTION 

The AD381 is a hybrid operational amplifier combining the 
very low input bias current advantages of a FET input stage 
with a high speed output stage. 


The offset voltage (0.25mV maximum for AD381L) and off- 
set voltage drift (5uV/°C maximum for AD381L) are excep- 
tionally low for a high speed operational amplifier. 


In addition to superior low drift performance, the AD381 
offers the lowest guaranteed input bias currents of any wide- 
band FET amplifier with 50pA max for the J grade and 25pA 
max for the K and L grades. Since Analog Devices, unlike 
most other manufacturers, specifies input bias currents with 
the amplifiers warmed-up, our FET amplifiers are specified 
under actual operating conditions 


The AD381 is especially designed for use in applications, such 
as precision, high speed data acquisition systems and signal 
conditioning circuits that require excellent input parameters 
and a fast output. 


The AD381 if offered in three commercial versions, J, K and 
L specified from 0 to +70°C and two military versions, the 

S and T, specified from -55°C to +125°C. All grades are 
packaged in hermetically sealed TO-99 style cans. The S and T 
grades are available screened to MIL-STD-883, Level B. 


AD381 FUNCTIONAL BLOCK DIAGRAM 


OFFSET 
NULL 


NONINVERTING 
INPUT 3) 


vV- 
TO-99 STYLE 
TOP VIEW 


PRODUCT HIGHLIGHTS 


1, Advanced laser trimming techniques reduce offset voltage 
drift to 5uV/°C max and offset voltage to’ only 0.25mV 
max on the AD381L. 


| 2. Analog Devices FET processing provides 25pA max (10pA 


typical) bias currents, specified after 5 minutes of warm-up. 


3. The AD381’s high slew rate (30V/us) and high gain-band- 


width product (5MHz) makes it an ideal choice for sample 
and hold and high speed integrator circuits, 


4. The fast settling time (700ns + 0.01%) makes the AD381 


ideal for D/A and A/D converter applications. 


5. The AD381 is capable of driving 1kQQ loads over the 
commercial temperature range. 
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SPECIFICATIONS (typical @ +25°C and Vs = +15V de unless otherwise specified) 


MODEL AD381J ; AD381K AD381L AD381S' AD381T! 
OPEN LOOP GAIN 
Vout = £10V, Ry 2 2kQ 60,000 min 100,000 min bd iia ts 
OUTPUT CHARACTERISTICS 
Voltage @ Ry = 1k2, Ta = min to max +12V (+10V min) ™ : - es 
Voltage @ Ry = 2k2,Ta =mintomax — 12V (+10V min) . ° _ 
Voltage @ Ry = 10k, Tg = min to max +13V (£12V min) rs od . . 
Short Circuit Current 20mA : : 3 . 
DYNAMIC RESPONSE 
Unity Gain, Small Signal 5MHz : : * ‘ 
Full Power Response 500kHz : : is 
Slew Rate, Unity Gain 30V/us : : : 
Settling Time: 10V Step to 0.1% 700ns : : . 
10V Step to 0.01% 12s i i : 
INPUT OFFSET VOLTAGE? 1.0mV max 0.5mV max 0.25mV max " 38 
vs. Temperature* 15uV/°C max | 10uV/°C max 5uV/°C max 10uV/°C max 5uV/PC max 
vs. Supply 200uV/V max 100uV/V max =; == or 
INPUT BIAS CURRENT® 
Either Input 10pA (SOpA max) 10pA (25pA max) ** #* ‘es 
Input Offset Current SpA 2pA sx oe hi 
INPUT IMPEDANCE 
Differential 10!? Qil7pF $ ° ‘ . 
Common Mode 10!? Qiil7pF : . . 2 
INPUT VOLTAGE RANGE 
Differential® +20V . : af 
Common Mode +12V (+10V min) ss * . 
Common Mode Rejection, Vin = +10V 76dB 80dB min bls = as 
POWER SUPPLY ; 
Rated Performance t15V ‘ ‘ . % 
Operating +(5 to 18)V . : e i 
Quiescent Current 3.3mA (5mA max) i i : 
VOLTAGE NOISE 
0.1-10Hz 2uV p-p : : . ° 
10Hz 70nV//Hz : ° ° : 
100Hz 45nV//Hz i ‘ i : 
1kHz 30nVA/Hz. : * . 
10kHz 25nVA/Hz : i : 
TEMPERATURE RANGE . 
Operating, Rated Performance 0 to +70°C . ‘ -55°Cto+125°C | *** 
Storage - -65°C to +150°C 5 . : : 
PACKAGE OPTION’ 
TO-99 Style (HO8B) AD381JH AD381KH AD381LH AD381SH AD381TH 
NOTES 
1The AD381SH and AD381TH are offered screened to MIL-STD-883. * Bias Current specifications are guaranteed maximum at either input 
Level B. after 5 minutes of operation at Ta = +25 C. For higher temperatures, 
* The AD381S, T have an output voltage of +12V (+10V min) for a 1k2 the current doubles every 10°C. 
load from Tmin to +100°C. From +100°C to +125°C the output current ® Defined as the maximum safe voltage between inputs, such that 
is 7MA, neither exceeds +10V from ground. 
* Input Offset Voltage specifications are guaranteed after 5 minutes 7See Section 20 for package outline information, 
‘ a operation at Ta = +25 C, - . *Specifications same as AD381)J. 
nput Offset Voltage Drift is specitied with the offset voltage unnulled. **Specifications same as AD 381K, 
Nulling will induce an additional 3uV/C/mV of nulled offset. ** Specifications same as AD381S. 


Specifications subject to change without notice. 
\ 


TYPICAL APPLICATION 


OUTPUT VOLTAGE SWING 
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Unity Gain Follower Output Settling Time vs. Output Voltage Swing and Error 
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FEATURES 

High Slew Rate: 30V/us 

F ast Settling to 0.1%: 750ns 

High Output Current: 50mA min 

Low Drift (5uV/C—AD382L) 

Low Offset Voltage (0.25mV—AD382L) 

Low Input Bias Currents (25pA—AD382L, K) 
Low Noise (2uV p-p) 


PRODUCT DESCRIPTION 

The AD382 is a hybrid operational amplifier combining the 
very low input bias current advantages of a FET input stage 
with high slew rate and line driving capability of a high power 
output stage. 


The offset voltage (0.25mV maximum for AD382L) and off- 
set voltage drift (Suvi C maximum for AD382L) are excep- 
tionally low for a high speed operational amplifier. 


In addition to superior low drift performance, the AD382 
offers the lowest guaranteed input bias currents of any wide- 
band FET amplifier with 50pA max for the J grade and 25pA 
max for the L grade. Since Analog Devices, unlike most other 
manufacturers, specifies input bias current with the ampli- 
fiers warmed-up, our FET amplifiers are specified under 
actual operating conditions, 


The AD382 is especially designed for use in applications, 
such as precision high speed data acquisition systems and 
signal conditioning circuits, that require excellent input 
parameters and a fast, high power output. 


The AD382 is offered in three commercial versions, J, K and 
L specified from 0 to +70 C and two military versions, the S 


and T specified from -55°C to +125°C. All grades are packaged » 


in hermetically sealed TO-8 style cans. The S and T grades are 
available screened to MIL-STD-883, Level B. 


High Speed, Low Drift 
FET Operational Amplifier 


AD382 


AD382 FUNCTIONAL BLOCK DIAGRAM 


12-PIN, TO-8 STYLE 
TOP VIEW 


PRODUCT HIGHLIGHTS 

1. Laser trimming techniques reduce offset voltage drift to 
5uV/°C max and reduce offset voltage to only 0.25mV 
max on the AD382L. 


2. Analog Devices FET processing provides 25pA max 
(10pA typical) bias currents specified after 5 minutes of 
warm-up. 

3. Low voltage noise and outstanding offset performance 
make the AD382 a true precision FET amplifier. 


4. The fast settling output (750ns to 0.1%) makes the AD382 
an ideal choice for D/A and A/D converter amplifier 
applications. 


5. The AD382’s high output current (5OmA minimum at 
+10 volts for commercial temperature range versions makes 
it suitable for driving terminated (20092) twisted pair 
outputs. 
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SPECIFICATIO NS (typical @ +25°C and Vs = +15V de unless sihionls specified) 


MODEL AD382 AD382K AD382L AD382S! AD382T! 
OPEN LOOP GAIN | . me te 
Vout = £10V, Ri = 2002 30,000 min 40,000 min ** os ane 

Ry = 1kQ 100,000 min 150,000 min ** +s «* 
OUTPUT CHARACTERISTICS g 
Voltage @ Ry = 20022, Ta = min to max +12V (+10V min) * * #2 *2 
Voltage @ Ry = 10kQ, Ta =minte max +13V (+12V min) * * * * 
Short Circuit Current 80mA * * * * 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 5MHz : * : * 
Full Power Response 500kHz : * : * 
Slew Rate, Unity Gain 30V/us : * * * 
Settling Time to 0.01% 1.3us . * * * 
INPUT OFFSET VOLTAGE? 1.0mV max 0.5mV max 0.25mV max * ++ 
VS. Temperature® 15uV/°C max 10uV/°C max 5uV/°C max 10uV/°C max 5uVv/°C max 
vs. Supply, Ta = min to max 200uV/V max 100uV/V max ** ** ** 
INPUT BIAS CURRENT® . 
Either Input 10pA (50pA max) 10pA (25pA max) ** "x ** 
Input Offset Current SpA 2pA be ; sik ie 
INPUT IMPEDANCE 
Differential 10! QII7pF . : * 
_ Common Mode | 10'? Q\|7pF 3 : : : 
INPUT VOLTAGE RANGE 
Differential® +20V ‘3 * * * 
Common Mode +12V (+10V min) * ade * . 
Common Mode Rejection, Vin = +10V 76dB min 80dB min mr ses =* 
POWER SUPPLY 
Rated Performance +15V ss * * * 
Operating +(5 to 18)V : * * * 
Quiescent Current 3.5mA (6mA max) * - * : 
VOLTAGE NOISE | 
0.1-10Hz . 2uV p-p : . m 
10Hz 70nV/A\/Hz : 7 : . 
100Hz 45nV//Hz . : : * 
1kHz 30nV/A/Hz : : * * 
10kHz 25nV/A/Hz : ‘ ‘ * 
TEMPERATURE RANGE | 
Operating, Rated Performance 0 to +70°C : : -55°C to +125°C —s 
Storage -65°C to +150°C : i * 
PACKAGE OPTION” | 
TO-8 Style (H12A) AD382JH AD382KH AD382LH AD382SH AD382TH 
NOTES: 


> Bias Current specifications are guaranteed maximum at either input 


1 
a and AD382T are offered screened to MIL-STD-883, after 5 minutes of operation at Ta = +25°C. For higher temperatures, 
: : the current doubles every 10°C. 
* The AD382S, T have an output voltage of + 12V (+ 10V min) for ™ © Defined as the maximum safe voltage between inputs, such that 


a 2002 load from T min to +100°C. From +100°C to +125°C the 
output current is 7mA. 

3 Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at Ta = +25°C. 


neither exceeds + 10V from ground. 
7See Section 20 for package outline information. 
*Specifications same as AD382J,. 


% Vv ft ij fi ; 7 ; **Specifications same as AD382K. 
Input Offset Voltage Drift is specified with the offset voltage unnulled *** Specifications same as AD382S. 


Nulling will induce an additional 3u4V/C/mV of nulled offset. ee ots : : : 
Specifications subject to change without notice. 


TYPICAL APPLICATION a 


OUTPUT VOLTAGE SWING 
FROM OV TO VOLTS 
° 


Unity Gain Follower Output Settling Time vs. Output Voltage Swing and Error 
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ANALOG 
DEVICES 


‘High Accuracy 


FEATURES 
Low Ip: 15pA max (AD503J, AD506J) 
5pA max (AD506L) 
Low Vos: 1mV max (AD506L) 
Low Drift: 25uV/°C max (AD503K, AD506K) 


10uV/°C max (ADS506L) 


PRODUCT DESCRIPTION 

The AD503J/AD506J, AD503K/AD506K, AD506L and 
AD503S/AD506S are IC FET input op amps that provide 
the user with input currents of a few pA, high overall per- 
formance, low cost, and accurately specified, predictable 
operation. The devices achieve maximum bias currents as low 
as 5pA, minimum gain of 75,000, CMRR of 80dB, and a mini- 
mum slew rate of 3V/us. They are free from latch-up and are 
short circuit protected. No external compensation is required 
as the internal 6dB/octave rolloff provides stability in closed 
loop applications. 


The AD503 is suggested for all general purpose FET input 
amplifier requirements where low cost is of prime importance. 
The AD506, with specifications otherwise similar to the 
AD503, offers significant improvement in offset voltage and 
nulled offset voltage drift by supplementing the AD503 con- 
figuration with internal laser trimming of thin film resistors 

to provide typical offset voltages below ImV. 


The AD503 and AD506 are especially designed for applica- 
tions involving the measurement of low level currents or small 
voltages from high impedance sources, in which bias current 
can be a primary source of error. Input bias current con- 
tributes to error in two ways: (1) in current measuring con- 
figurations, the bias current limits the resolution of a current 
signal; (2) the bias current produces a voltage offset which is 
proportional to the value of input resistance (in the case of an 
inverting configuration) or source impedance (when the non- 
inverting “buffer’’ connection is used). The AD503 and 
AD506 IC FET input amplifiers, therefore, are of use where 
small currents are to be measured or where relatively low 


voltage drift is necessary despite large values of source resistance. 


All the circuits are supplied in the TO-99 package; the AD503J, 
K and AD506J, K and L are specified for 0 to +70° C tempera- 
ture range operation; the AD503S and AD506S for operation 

from -55°C to +125°C. 


AD503, AD506 


AD503, AD506 FUNCTIONAL BLOCK DIAGRAM 


GUARD PIN 


OFFSET NULL Ci) 


INVERTING 
| 


NPUT OUTPUT 


NON-INVERTING OFFSET NULL 
INPUT 


TO-99 
TOP VIEW 


PRODUCT HIGHLIGHTS 

1. The AD503 and AD506 op amps meet their published input 
bias current and offset voltage specs after full warmup. Con- 
ventional high speed IC testing does not allow for self- 
heating of the chip due to internal power dissipation under 
operating conditions. 


2. The bias currents of the AD503 and AD506 are specified 
as a maximum for either input. Conventional IC FET op 
amps generally specify bias currents as the average of the 
two input currents. 


3. Offset voltage nulling of the AD503 and AD506 is ac- 
complished without affecting the operating current of the 
FET’s and results in relatively small changes in temperature 
drift characteristics. The additional drift induced by nulling 
is only +0.8uV/°C per millivolt of nulled offset for the 
AD506 and +2.0uV/°C per millivolt of nulled offset for the 
AD503, compared to several times this for other IC FET 
op amps. 

4. The gain of the AD503 and AD506 is measured with the 
offset voltage nulled. Nulling a FET input op amp can cause 
the gain to decrease below its specified limit. The gain of 
the AD503 and AD506 is fully guaranteed with the offset 
voltage both nulled and unnulled. | 


5. Bootstrapping of the input FET’s achieves a superior CMRR 
of 80dB, while reducing bias currents and maintaining them 
constant through the CMV range. 
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Low Offset IC FET-Input Op Amps 


SPECIFICATIONS (typical @ +25°C and +15V de, unless otherwise noted) 


PARAMETER . AD503J AD503K AD503S 
OPEN LOOP GAIN! | 
Vout= 210V, Ry > 2kQ 20,000 min (50,000 typ) 50,000 min (120,000 typ) os 
Ta = min to max 15,000 min . 40,000 min 25,000 min 
OUTPUT CHARACTERISTICS 
Voltage @ Ry = 2kQ, Ta = min to max +10V min (413V typ) * : 
| @ Ry =10k2,T, =mintomax  +12V min (+14V typ) > . 
Load Capacitance? 750pF . : 
Short Circuit Current 25mA . 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 1.0MHz_ . . 
Full Power Response — 100kHz . i 
Slew Rate, Unity Gain 3.0V/us min (6.0V/us typ) iJ : 
Settling Time, Unity Gain (to 0.1%) 10ps fe , 
INPUT OFFSET VOLTAGE® 5OmV max (20mV typ) 20mV max (8mV typ) “ 
vs. Temperature, Ta = min to max 75uV/°C max (30nV/°C typ) 25 uV/°C max (10UV/°C typ) — 50uV/°C max (200V/°C typ) 
vs. Supply, Ta = min to max 400uV/V max (200uUV/V typ) 200uV/V max (100uV/V typ) ** 
INPUT BIAS CURRENT 
Either Input‘ 15pA max (5pA typ) 10pA max (2.5pA typ) ae 
INPUT IMPEDANCE 
Differential 10" QllapF . : 
Common Mode | 10'? Qll2pF . : 
INPUT NOISE 
Voltage, 0.1Hz to 10Hz 15uV (p-p) ‘ _< 
5Hz to 50kHz 5.0uV (rms) * i 
f = 1kHz (spot noise) 30.0nV/\/Hz . * 
INPUT VOLTAGE RANGE 
Differential® . +3.0V . : 
Common Mode, Tag = min to max +10V min (£12V typ) : . 
Common Mode Rejection, Vyy = +10V 70dB min (90dB typ) 80dB min (90dB typ) vo 
POWER SUPPLY | 
Rated Performance +15V : 
Operating +(5 to 18)V 4 +(5 to 22)V 
Quiescent Current 7mA max (3mA typ) * . 
TEMPERATURE 
Operating, Rated Performance 0 to +70°C * ~55°Cto +125°C 
Storage ~65°C to +150°C : 
PACKAGE OPTIONS:® TO-99 Style (HO8B) AD503JH AD503KH AD503SH 
NOTES: 


1 Open Loop Gain is specified with Vo, both nulled and unnulled. 

? A conservative design would not exceed 5O0pF of load-capacitance. 

3 Input offset voltage specifications are guaranteed after 5 minutes of operation at Ta = +25°C. 

4 Bias current specifications are guaranteed after 5 minutes of operation at Ta = +25°C. For higher temperatures, the current doubles every 10°C. 
5 See comments in Input Considerations Section. 

® See Section 20 for package outline information. 


*Specifications same as for AD503J. 
**Specifications same as for AD503K. 
Specifications subject to change without notice. 
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AD506J AD506K AD506L AD506S 


; 75,000 min (100,000 typ) sai 
: ed 50,000 min 25,000 min 
* * * * 
* * * * 
1000pF . * . 
* * * * 
* * * * 
be : * * * 
* * < - 
* * * * 

ened 
~ 3.5mV max (1.0mV typ) 1.5mV max (0.5mV typ) 1.0mV max (0.4mV typ) 1.5mV max (0.5mV typ) 
7 : ** 10nV/°C max (SuV/°C typ)  —- SONV/°C max (20NV/°C typ) 
- 100uV/V max (SOuUV/V typ) 100uV/V max (SOuV/V typ)  100uNV/V max (SO0uV/V typ) 
‘ nie 5pA max (2pA typ) oe 
* * * * 
* . * * 
40uV (p-p) i i 
8uV (rms) ; 6uV (rms) : 
80nV/V/ Hz ’ 25nV//Hz od 
+4V * * * 
* * " 
* **% ee xk 
* * * * 
_ * * +(5 to 22)V 
7mA max (5mA typ) ' . " 
. . -55°C to +125°C 
* % * : * 
AD506JH AD506KH AD506LH-_ AD506SH 
+Vs 


Standard Offset Null Circuit 
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APPLICATIONS CONSIDERATIONS 
Bias Current 
Most IC FET op amp manufacturers specify maximum bias 
currents as the value immediately after turn-on. Since FET bias 
currents double every 10°C and since most FET op amps have 
case temperature increases of 15°C to 20°C above ambient, 
initial “maximum” readings may be only % of the true warmed 
up value. Furthermore, most IC FET op amp manufacturers 
specify I, as the average of both input currents, sometimes 
resulting in twice the “maximum” bias current appearing at 

_ the input being used. The total result is that 8X the expected 
bias current may appear at either input terminal in a warmed 
up operating unit. | 
The AD503 and AD506 specify maximum bias currents at 


either input after warmup, thus giving the user the values he 
expected. 


Improving Bias Current Beyond Guaranteed Values 

Bias currents can be substantially reduced in the AD503 and 
AD506 by decreasing the junction temperature of the device. 
One technique to accomplish this is to reduce the operating 
supply voltage. This procedure will decrease the power dissi- 
pation of the device, which will in turn result in a lower 
junction temperature and lower bias currents. The supply 
voltage effect on bias current is shown in Figure 1. 


NORMALIZED BIAS CURRENT — 
(IBg Vs = t15V) 


SUPPLY VOLTAGE — tVs — Volts 


Figure 1. Normalized Bias Current vs. Supply Voltage 


Operation of the AD503K and ADS506K at +5V reduces the 
warmed up bias current by 70% to a typical value of 0.75pA. 


A second technique is the use of a suitable heat sink. Wakefield 
Engineering Series 200 heat sinks were selected to demonstrate 
this effect. The characteristic bias current vs. case temperature 
above ambient is shown in Figure 2. Bias current has been 
normalized with unity representing the 25°C free air reading. 


'e 
'8o 


WAKEFIELD 
MODEL 


NUMBERS 


NORMALIZED BIAS CURRENT — 
(IBg WITH NO HEAT SINK) 


CASE TEMPERATURE ABOVE 25°C — °C Vs t15V 


Figure 2. Normalized Bias Current vs. Case Temperature 
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Note that the use of the model 209 heat sink reduces warmed 


up bias current by 60% to 1.0pA in the AD503/AD506K. 


Both of these techniques may be used together for obtaining 
lower bias currents. Remember that loading the output can 
also affect the power dissipation. 


INPUT BIAS CURRENT Ig — pA 


AMBIENT TEMPERATURE Ta — °C 
Vs = $15V 


Figure 3. Input Bias Current vs. Temperature 


Input Considerations 

The common mode input characteristic is shown in Figure 4. 
Note that positive common mode inputs up to +13.5 volts 
and negative common mode inputs to -Vs are permissible, 
without incurring excessive bias currents. To prevent possible 
damage to the unit, do not exceed Vcm = Vs. 


2 -8 4 0 +4 + +12 


-16 -1 8 
Figure 4. Input Bias Current vs. Common Mode Voltage 


"INPUT BIAS CURRENT — Ig — pA 


COMMON MODE INPUT VOLTAGE -— Volts 


Like most other FET input op amps, the AD503 and AD506 
display a degraded bias current specification when operated 
at moderate differential input voltages. The AD503 maintains 
its specified bias current up to a differential input voltage of 
+3V typically, while the AD506’s bias current performance is 
not significantly degraded for Vgigg <4V typically. Above 
Vairf = +3V in the AD503 and Vgigs = +4V in the AD506, the 
bias current will increase to approximately 400A. This is 
not a failure mode. Above +10V differential input voltage, the 
bias current will increase 100UA/Vgig¢ (in volts), and other 
parameters may suffer degradation. 


ANALOG 
DEVICES 


High Accuracy 
‘IC Operational Amplifier 


AD504 


FEATURES 

Low Vos: 500uV max (AD504M) 
High Gain: 10° min (AD504L, M, S) 
Low Drift: 0.5uV/°C max (AD504M) 
Free of Popcorn Noise 


PRODUCT DESCRIPTION 

The Analog Devices AD504J, K, L, M and S IC operational 
amplifiers provide ultra-low drift and extremely high gain, com- 
‘parable to that of modular amplifiers, for precision applica- 
tions. A new double integrator circuit concept combined with 
a precise thermally balanced layout achieves gain greater than 
10°, offset voltage drift of less than 1uV/°C, small signal unity 
gain bandwidth of 300kHz, and slew rate of 0.12 V/us. Because 
of monolithic construction, the cost of the AD504 is signifi- 
cantly below that of modules, and becomes even lower with 
larger quantity requirements. The amplifier is externally 
compensated for unity gain with a single 470pF capacitor; 

no compensation is required for gains above 500. The inputs 
are fully protected, which permits differential input voltages 
of up to tVg without voltage gain or bias current degradation 
due to reverse breakdown. The output is also protected from 
short circuits to ground and/or either supply voltage, and is 
capable of driving 1000pF of load capacitance. The AD504J, 
K, Land M are supplied in the hermetically sealed TO-99 
package, and are specified for operation over the 0 to +70°C 
temperature range. The AD504S is specified over the -55°C 

to +125 C temperature range and is also supplied in the TO-99 
package. 


AD504 FUNCTIONAL BLOCK DIAGRAM | 


OFFSET NULL 


OFFSET 
NULL 


INVERTING 
INPUT 


NON-INVERTING © FREQUENCY 
INPUT 


COMPENSATION 


TO-99 
TOP VIEW 


PRODUCT HIGHLIGHTS 
1. Fully guaranteed and 100% tested 1uV/°C maximum voltage 
drift combined with voltage offset of 500uV (AD504L). 


2. Fully protected input (+Vg) and output circuitry. The input 
protection circuit prevents offset voltage and bias current 
degradation due to reverse breakdown, and is of critical 
importance in this type of device whose overall performance 
is strongly dependent upon front-end stability. 

3. Single capacitor compensation eliminates elaborate stabi- 
lizing networks while providing flexibility not possible with 
an internally compensated op amp. This feature allows 
bandwidth to be optimized by the user for his particular 
application. 


4. High gain is maintained independent of offset nulling, 


power supply voltage and load resistance. 


5. Bootstrapping of the critical input transistor quad produces 


CMRR and PSRR compatible with the tight 1uV/°C drift. 
CMRR and PSRR are both in the vicinity of 120dB. 
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SPECIFICATIONS (typical @ +25°C and +15V dc unless otherwise noted) — 


PARAMETER ADS504J . AD504K ADS504L | 


OPEN LOOP GAIN 
Vos = 110V, Rp 22k 


250,000 min (4 x 10° typ) 500,000 min (4 x 10° typ) 


10° min (8 x 10° typ) 


| | __ 125,000 min (10° typ) 250,000 min (10° typ) 500,000 min (10° typ) 


OUTPUT CHARACTERISTICS 


Voltage at RL#2kQ2, Trin STA STmax +10V min (413V typ) - 34 
Load Capacitance 1000pF : i 
Output Current 10mA min : : 
Short Circuit Current 25mA : : 
FREQUENCY RESPONSE 
Unity Gain, Small Signal, C. = 390pF 300kHz : 
Full Power Response, C, = 390pF 1.5kHz . | r 
Slew Rate, Unity Gain, C, = 390pF 0.12V/us : ‘ 


INPUT OFFSET VOLTAGE 
Initial Offset, Rg <10k 
vs Temp, TminSTA STmax, Vos nulled 
TminSTa <Tmax, Vos unnulledt 
vs Supply 


2.5mV max (0.5mV typ) 
5.0uV/°C max (0.5uV/°C typ) 
10uV/°C max (1.5uV/°C typ) 


1.5mV max (0.5mV Oe. 
3.0uV/°C max (0.5uV/C typ) 
5.0uV/°C max (1.5uV/°C typ) 


0.5mV max (0.2mV typ) 
1.0uV/°C max (0.3uV/°C typ) 
2.0uV/°C max (1.0uV/°C typ) 


25uV/V max 15uV/V max 10uV/V max 
@ TninSTa<Tmax 40uV/V 25uV/V max 15uV/V max 
vs Time 20”uV/mo 15uV/mo 10u.V/mo 
INPUT OFFSET CURRENT 
@ Ta = 25°C 40nA max 15nA max 10nA max 
INPUT BIAS CURRENT 
Initial 200nA max 100nA max 80nA max 
Tmin tO Tmax 300nA max 150nA max 100nA max 
vs Temp, Tmin to Tmax 300pA/°C 250pA/°C 200pA/°C 
INPUT IMPEDANCE 
Differential 0.5MQ 1.0MQ 1.3MQ 
Common Mode 100MQ2Q |l4pF : . 
INPUT NOISE 
Voltage, 0.1 to 10Hz 1.0uV (p-p) af 
100Hz 10nV/A/Hz(rms) : . 
1kHz 8nV//H2(rms) ‘ ? 
Current, 0.1 to 10Hz SOpA(p-p) . = 
100Hz 0.6pA/V Hz(rms) . . 
1kHz 0.5pAA/H2(rms) . 


INPUT VOLTAGE RANGE 
Differential or Common Mode, Max Safe 
Common Mode Rejection, Vyy = +10V 


+Vo * * 
94dB min (120dB typ) 100dB min (120dB typ) 110dB min (120dB typ) 


POWER SUPPLY 
Rated Performance 
Operating 
Current, Quiescent 


+15V 
+(5 to 18)V 


* * 
* * 
+4.0mA max (+1.5mA typ) +3.0mA max (+1.5mA typ) +3.0mA max (+1.5mA typ) 


TEMPERATURE RANGE 
Operating, Rated Performance 


(Tmin tO Tmax) 0 to +70°C . 
Storage . -65°C to +150°C : 
PACKAGE OPTION:' TO-99 Style (HO8B) AD504JH AD504KH AD504LH 


*Specifications same as for AD504J. 


tThis parameter is not 100% tested. Typically, 90% of the units meet this limit. 


Specifications subject to change without notice. 


‘1 See Section 20 for package outline information. 
NOTE 


Analog Devices 100% tests and guarantees all specified maximum and 
minimum limits. Certain parameters, because of the relative difficulty 
and cost of 100% testing, have been specified as ‘‘typical” numbers. At 
ADI, “typical” numbers are subjected to rigid statistical sampling and 
outgoing quality control procedures, resulting in “typicals” that are 
indicative of the performance that can be expected by the user.. 
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~ADS504M AD504S(AD504S/883) 


10° min ( 8 x 10° typ) 10° min (8 x 10° typ) 

500,000 min (10° typ) 250,000 min 
a 
® * 

* ot 

* * 

* * 
Be 
* * 

* * 


* 
* 


— 0.5mV max (0.2mV typ) 0.5mV max 
0.5uV/°C max (0.2uV/°C typ) 1.0uV/°C max (0.3uV/°C typ) 
1.0nV/°C max (0.5uV/°C typ) 2.0uV/°C max (1.0NV/°C typ) 


10uV/V max 10uV/V max 
15uV/V max ~  20uV/V max 
10uV/mo 10uV/mo 
10nA max 10nA max 
80nA max 80nA max 
100nA max 200nA max 
200pA/°C 200pA/°C 
1.3MQ2 1.3MQ 
* 7 * 


0.6uV (p-p) max 


10nV/V Hz max . 
9nV//Hz max * 
SOpA p-p max ™ 
0.6pA/\/Hz max : 
0.3pA//Hz max . 
* * 
110dB min (120dB typ) 110dB min (120dB typ) 


* * 
* * 
+3.0mA max (+1.5mA typ) +3mA max (+1.5mA typ) 


-55°C to +125°C 
ae -65°C to +150°C 
ADS04MH AD504SH 
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OFFSET VOLTAGE DRIFT AND NULLING 

Most differential operational amplifiers have provisions for ad- 
justing the initial offset voltage to zero with an external trim 
potentiometer. It is often not realized that there is a resulting 
increase in voltage drift which accompanies this initial offset 
adjustment. The increased voltage drift can often be safely 
ignored in conventional amplifiers, since it may be.a small per- 
centage of the specified voltage drift. However, the voltage. 
drift of the AD504 is so small that this effect cannot be 
ignored. 


To achieve low drift over temperature, it is necessary to main- 
tain equal current densities in the input pair. Unless the ini- 
tial offset nulling circuit is carefully arranged, the nulling cir- 
cuits will themselves drift with temperature. The resulting 

' change in the input transistor current ratio will produce an 
additional input offset voltage drift. This drift component 
can actually be larger than the unnulled drift. 


Typically, IC op amps are nulled by using an external poten- 
tiometer to adjust the ratio of two resistances. These resis- 
tances are part of a network from which the input stage emit- 
ter currents are derived. Most commercially available op amps 
use diffused resistors in their internal nulling circuitry, which 
typically display large positive temperature coefficients of the 
order of 2000ppm/ C. As a result of the failure of the external 
potentiometer resistance to track the diffused resistors over 
temperature, the two resistance branches will drift relative to 
one another. This will cause a change in the emitter current 
ratio and induce an offset drift with temperature. 


In the AD504, this problem is reduced an order of magnitude 
by the use of thin film resistors deposited on the monolithic 
amplifier chip. These resistors, which make up the critical bias 
network from which the input stage emitter current balance is 
determined, display typical temperature coefficients of less 
than 200ppm/°*C, an order of magnitude improvement over 
diffused types. Thus, when the initial offset of the AD504 is 
trimmed using a low TC pot in combination with the thin film 
network, the drift induced by nulling even relatively large off- 
sets is extremely small. This means that AD504 units of all 
three grades (J, K, L) will typically yield significantly better 
temperature performance in nulled applications than an all- 
diffused amplifier with comparable initial offset. 


Since the intrinsic offset drift of the amplifier is improved by 
nulling, the direct measurement of any additional drift induced 
by differing temperature coefficients of resistors would be ex- 
tremely difficult. However, the induced offset drift can be es- 
tablished by calculating the change in the emitter current ratio 
brought about by the differing TC’s of resistances, From the 
change in this ratio, the offset voltage contribution at any 
temperature can be easily calculated. 


A simple computer program was written to calculate induced 
offset drift as a function of initial offset voltage nulled. This 
calculation was made assuming zero TC of the amplifier 
resistors, and TC’s of 200ppm/°C and 2000ppm/°C for the 
null pot. These results are very nearly equivalent to the case 
where the pot has zero temperature coefficient and the am- 
plifier resistors drift. The results of these calculations are 
summarized graphically in Figure 1. 


Figure 1 shows the variation of induced voltage drift with 
nulled offset voltage for: 


a. AD504 op amp. 
b. 725 typ op amp. 
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Note that as a result of nulling 1.4mV of offset, the AD504 
induces 30X less offset drift (only 0.05uV/°C) than the 725 


type op amp with its actual diffused resistor values and the rec-. 
ommended 100k pot to trim the offset. Actual induced drifts — 


from this source for the AD504 may be even lower in the prac- 
tical case when metal film resistors or pots are used for nulling, 
since their TC’s tend to closely match the negative TC’s of the 
thin film resistors on the AD504 chip. 


725 TYPE OF AMP 
(RECOMMENDED Vos 
NULL POT) 


INDUCED Vos DRIFT — pV/°C 


AD504 
(RECOMMENDED Vos NULL 
POT) 


NULLED OFFSET 
VOLTAGE — mV 


Figure 1. Induced Offset Drift vs. Nulled Offset Using Manu- 
facturer’s Recommended Adjustment Potentiometer 


NULLING THE AD504 

Since calculations show that superior drift performance can be 
realized with the AD504, special care should be taken to null 
it in the most advantageous manner. Using the actual values of 
resistors in the AD504, it is possible to calculate, under worst 
case conditions, that the total adjustment rage of the AD504 
is approximately 8mV. Since the amplifier may often be trim- 
med to within 1yV, this represents an adjustment of 1 part in 
8000. This type of accuracy would require a pot with 0.0125% 
resolution and stability. Because of the problems of obtaining 
a pot of this stability, a slightly more sophisticated nulling op- 
eration is recommended for applications where offset drift is _ 
critical (see Figure 2a). 


Figure 2a. High Resolution, High Stability Nulling Circuit 


a 


NULLING PROCEDURE 
1. Null the offset to zero using a commercially available 
pot (suggest Rp = 10kQ2). 


2. Measure pot halves R1 and R2. 
3. Calculate: 
R= 2 Xx 50k ek X 50kQ 
50k — R, 50kQ — R, 
4. Insert R1' and R2' (closest 1% fixed metal film resistors). 
5, Use an industrial quality 100kQ pot (Rp) to fine tune 


the trim. 


For applications in which stringent nulling is not required, the 
user may choose a simplified nulling scheme as shown in Fig- 
ure 2b. For best results the wiper of the potentiometer should 
be connected directly to pin 7 of the op amp. This is true for 
both nulling schemes. 


@ 8) 


10k 


Figure 2b. Simplified Nulling Circuit 


INPUT BIAS CURRENT | 
The input bias current vs. temperature characteristic is dis- 
played in Figure 3. 


60: 


BIAS CURRENT —n 
> 
=) 


5 50 55 60 65 70 
TEMPERATURE -— °C 


Figure 3. Input Bias Current vs. Temperature 


GAIN PERFORMANCE 
Most commercially available monglce op amps have gain 
characteristics that vary considerably with: 


1. Offset Nulling. © 

2. Load Resistance. 

3. Supply Voltage. _ 

Careful design allows the AD504 to maintain gain well in 


excess of 10°, independent of nulling, load or supply voltage. 


Nulling — The gain of a 741 op amp varies considerably with 
nulling (see Figure 4). 
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OUTPUT — VOLTS ere Vv 


Figure 4. Gain Error Voltage Before and After Nulling a 
Typical 741 Op Amp 
The gain of the AD504 is independent of nulling. 
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Figure 5. Gain Error Voltage Before and After Nulling 
the AD504 


Load Resistance — The gain of the AD504 is flat with load 
resistance to 1k{2 loads and below. 


LOAD RESISTANCE — 22 


Figure 6. Gain vs. Load Resistance 


Supply Voltage — The gain of the AD504 stays well above 1M 
down to Vs = t5V. 
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Figure 7. Gain vs. Supply Voltage 
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4. Limit the bandwidth of the system to the minimum pos- 
sible consistent with the desired response time. 


| 
z 
$ | 
oO 5. Use input guarding to reduce capacitive and leakage noise 
ro} O 
8% pickup. 
° 
G 3 6. Avoid ground loops and proximity to strong magnetic or 
an electrostatic fields, etc. 
Ne 
ad 
< 
= 
4 
fo) 
2 


TEMPERATURE -— °C = 
| 
Figure 8, Normalized Open Loop Gain vs. Temperature = 0.01 7 10kHz 
: ° 
NOISE CHARACTERISTICS 3 
An op amp with the precision of the AD504 must have cor- 5 tell dada: 
respondingly low noise levels if the user is to take advantage 2 , aatOAOE 
of its exceptional de characteristics. Of primary importance = 
in this type of amplifier is the absence of popcorn noise and 
minimum I/f or “flicker” noise in the 0.01Hz to 10Hz fre- 
quency band. Sample noise testing is done on every lot to aE 70k 700k 7M 
guarantee that better than 90% of all devices will meet the SOURCE RESISTANCE — 2 
noise specifications. 
Separate voltage and current noise levels referred to the input Figure 10, RMS Noise vs. Source Resistance 
are specified to enable the designer to calculate or optimize 
signal-to-noise ratio based on any desired source resistance. 
The spot noise figures are useful in determining total wide- . DYNAMIC PERFORMANCE 
band noise over any desired bandwidth (see Figure 9). The dynamic performance of the AD504, although comparable 


to most general purpose op amps, is superior to most low drift 
op amps. Figure 11 shows the small signal frequency response 
for both open and closed loop gains for a variety of compen- 
sating values. Note that the circuit is completely stable for 

Cc = 390pF with a -3dB bandwidth of 300kHz; with Cc = 0, 


Re the -3dB bandwidth is 50kHz at a gain of 2000. 
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Figure 9. Spot Noise vs. Frequency z 
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The key to success in using the AD504 in precision low noise san 7N ANI 
applications is “‘attention to detail”. Si, eet 
7 7 7 | ALIS | 
Here are a few reminders to help the user achieve optimum a OSHA 
noise performance from the AD504. “ tT AT 
° : : LIN TN 
1. Use metal film resistors in the source and feedback pasta 
networks. : TT TAK 
2. Use fixed resistors instead of potentiometers for nulling eRe 
OP pauyectENe: 1 10 100 4k 10k 100k 1M 
3. Take advantage of the excellent common-mode noise FREQUENCY — Hz 
rejection qualities of the AD504 by connecting the input 
differentially. Figure 11. Small Signal Gain vs. Frequency 
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More important, at unity gain (390pF), full power bandwidth 


is (Figure 12) 2kHz which corresponds to a 0.12V/us slew rate. 


At a gain of 10 (39pF), it increases to 20kHz, corresponding 
to 1.2V/us, a considerable improvement over ‘725 type” 
amplifiers. 
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Figure 12. Output Voltage Swing vs. Frequency 


Figure 13 shows the voltage follower step response for 
Vg = t15V, Ry = 2kQ, Cy = 200pF and Cc = 390pF. 


EERE 
PTT TNE 
ae 


OUTPUT VOLTAGE — mV 


Figure 13. Voltage Follower Step Response 


The common mode rejection of the AD504 is typically 120dB, 
and is shown as a function of frequency in Figure 14. 
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Figure 14. CMRR vs. Frequency 


POWER SUPPLY REJECTION — zV/V 


OUTPUT VOLTAGE — V PEAK 


COMMON MODE VOLTAGE -— V 


The power supply rejection ratio of the AD504 is shown in 
Figure 15. 
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Figure 15. PSRR vs. Frequency 
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Figure 16. CMV Range vs. Supply Voltage 
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Figure 17. Output Characteristics 
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THERMAL PERFORMANCE 

Temperature Gradients 

Most modular and bybrid operational amplifiers are extremely 
sensitive to thermal gradients. The transient offset voltage 
response to thermal shock for a high performance modular op 
amp is shown in Figure 18. 


Figure 18. Response to Thermal Shock for High Performance 
Modular Op Amp 


The graph shows the transient offset voltage resulting from a 
thermal shock when the amplifier’s temperature is abruptly 
changed from 25°C to 50°C by dipping it into a hot silicon 
oil bath. Note the large overshoot (approximately 60uV) and 
long settling time (2.5 minutes). Also note the hysteresis of 
about 30uV. 


Monolithic technology affords the AD5S04 significant improve- 
ments in this area. Thermal transients in the AD504 are small 
and over with quickly (see Figure 19). 


25°C HEAT-SINK 
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Figure 19. Response to Thermal Shock for AD504 
In Figure 19, a 50°C step change in ambient temperature, ap- 


plied to the can via a room temperature heat sink, then a 75°C 
thermal probe and back to the heat sink, results in settling to 
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the final value within 30 seconds, for both increases and de- 
creases in temperature. Note that the offset goes directly to 
its final value, with no spikes or hysteresis. 


Warmup Drift 

Modular and bybrid op amps have historically been plagued by 
excessive thermal time constants. Figure 20 shows the typical 
warmup drift of a high performance modular op amp. 


Figure 20. Warmup Voltage Drift for High Performance 
Modular Op Amp 


Note that although warmup drift is low (20uV), it requires a 
long time to settle (>20 minutes). 


Monolithic technology results in significant reduction of ther- 
mal time constants (see Figure 21). 


741 TYPE 
OP AMP 


OFFSET VOLTAGE DRIFT — uv 
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Figure 217. Warmup Voltage Drift for AD504 and 741 Type 
Op Amp 


Note that warmup drift remains low (10uV), but that the ther- 
mal time constant decreases significantly to about 2 minutes. 
If a heat sink were used, total settling time would be com- 
pleted within 30 seconds. Note that the 741 type op amp has 
a significantly longer warmup drift and thermal time constant. 


ANALOG ~ IC, Wideband, Fast Slewing, 
DEVICES General Purpose Operational Amplifier 


AD307 


FEATURES AD507 FUNCTIONAL BLOCK DIAGRAM 

Gain Bandwidth: 100MHz 

Slew Rate: 20V/us min COMPENSATION 4 
Ip: 15nA max (AD507K) : 

Vos: 3mV max (AD507K) OFFSET 


NULL 


Vos Drift: 15uV/°C max (AD507K) 


High Capacitive Drive 
Beil Te (6 ) OUTPUT 


V- 


TO-99 
TOP VIEW 
PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 
The Analog Devices AD507J, K and S are low cost monolithic 1. Excellent de and ac performance combined with low cost. 


operational amplifiers that are designed for general purpose . 
applications where high gain bandwidth and high speed are 
significant requirements. The devices also provide excellent dc 


2. The AD507 will drive several hundred pF of output capaci- 
tance without oscillation. 


performance with low input offset voltage, low offset voltage 3. All guaranteed dc parameters, including offset voltage drift, 
drift and low bias current. The AD507 is a low cost, high are 100% tested. 

performance alternative to a wide variety of modular and IC 4. To insure compliance with gain bandwidth and slew rate 
op amps; a brief review of the specifications confirms its out- specifications, all devices are tested for ac performance 
standing price/performance characteristics. characteristics. 


The AD507 is recommended for use where low cost and all 
around performance, especially at high frequencies, are 
needed. It is particularly well suited as a fast, high impedance 
comparator, integrator or wideband amplifier and in sample/ 
hold circuits. It is unconditionally stable for all closed loop 
gains above 10 without external compensation; the frequency 
compensation terminal is used for stability at lower closed 
loop gains. The circuit is short circuit protected and offset 
voltage nullable. The AD507J and K are specified over the 

0 to +70°C temperature range, the AD507S over the full mili- 
tary temperature range, -55 C to +125°C. All devices are 
packaged in the hermetic TO-99 metal can. 
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SPECIFICATIONS (typical at 425°C and +15V dc, unless otherwise noted) 


PARAMETER AD507J . AD507K AD507S(AD507S/883 )** 


OPEN LOOP GAIN 
Ry = 2kQ, Cy = SOpF 80,000 min (150,000 typ) 100,000 min (150,000 typ) 100,000 min (150,000 typ) 
@ T min to T max 70,000 min 85,000 min 70,000 min 

OUTPUT CHARACTERISTICS 
Voltage @ Ry = 2kQ, Cy = SOpF, Tmin to Tmax +10V min (+12V typ) ‘ +10V min (412V typ) 
Current @ V, = +10V : +10mA min (£20mA typ) if +15mA min (+22mA typ) 
Short Circuit Current 25mA . 25mA 


FREQUENCY RESPONSE 
Unity Gain, Small Signal 


@A= 1 (open loop) 35MHz . . * 
@ A = 100 (closed loop) 1MHz . * 
Full Power Response 320kHz min (600kHz typ) 400kHz min (600kHz typ) 400kHz min (600kHz typ) 
Slew Rate +20V/us min (+35 V/us typ) +25 V/us min (+35V/ps typ) 20V/us min (£35 V/s typ) 
Settling Time (to 0.1%) 900ns - : > 
INPUT OFFSET VOLTAGE 
Initial 5.0mV max (3.0mV typ) 3.0mV max (1.5mV typ) 4mV max (0.5mV typ) 
Avgvs Temp, TmintO Tmax  - 15uv/°C 15uV/°C max (8uV/°C typ) 20uV/°C max (8uV/°C typ) 
vs Supply, Tmin to Tmax 200”V/V max 100uV/V max 100uV/V max 
INPUT BIAS CURRENT 
Initial 25nA max 15nA max 15nA max 
Tmin tO Tmax 40nA max 25nA max 35nA max 
INPUT OFFSET CURRENT . 
Initial 25nA max 15nA max 15nA max 
Tmin to Tmax 40nA max 25nA max 35nA max 
Avg vs Temp, Tmin to Tmax 0.5nA°C 0.2nA/C 0.2nA/°C 
INPUT IMPEDANCE 
Differential 40MQ min (300MQ typ) * . 65MQ min (SOOM typ) 
Common Mode 1000MQQ : y 
INPUT VOLTAGE NOISE 
f = 10Hz on ae 
f = 100Hz 30nV/\/ Hz 
f = 100kHz 12nV// Hz ? 4 
INPUT VOLTAGE RANGE 
Differential, Max Safe _ £12.0V : : 54 
Common Mode Voltage Range, Tmin to Tmax +11.0V ~ . 
Common Mode Rejection @ t5V, Tmin to Tmax 74dB min (100dB typ) 80dB min (100dB typ) 80dB min (100dB typ) 
POWER SUPPLY 
Rated Performance +15V i , 
Operating +(5 to 20)V : : 
Current, Quiescent 4.0mA max (3.0mA typ) * . 
TEMPERATURE RANGE 5 ‘ 
Rated Performance 0 to +70°C . Z 55.C to #125 °C 
Operating -25°C to +85°C : - 65°C to +150°C 
Storage -65°C to +150°C ‘ ’ 
PACKAGE OPTION:?! TO-99 Style (HO8A) AD507JH AD507KH AD507SH 


*Specifications same as AD507]J. 

**AD507S/883 minimum order 10 pieces. 

1See Section 20 for package outline information. 
Specifications subject to change without notice. 
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Slew Rate Definition and Test Circuit 


VOL. 1,4-40 OPERATIONAL AMPLIFIERS 


_ | | Applying the AD507 | 


APPLICATION CONSIDERATIONS 

The AD507 combines excellent dc characteristics and dynamic 
performance with ease of application. Because it is a wideband, 
high speed amplifier, care should be exercised in its stabiliza- 
tion. Several practical stabilization techniques are suggested to 
insure proper operation and minimize user experimentation. 


GENERAL PURPOSE WIDEBAND COMPENSATION 

The following considerations are intended to provide guidance 
in critical wideband applications. While not necessary in all 
cases, the considerations are of prime importance for the user 
attempting to obtain the highest performance from his circuit 
design. 


High Gain Conditions 

The AD507 is fully compensated internally for all closed loop 
gains above 10; however, it is necessary to load the amplifier 
with 50pF. In many applications this minimum capacitive load 
will be provided by the load or by a cable at the output of the 
ADS507, making an additional 50pF unnecessary. Figure 1 
shows the suggested configuration for general purpose use for 
closed loop gains above 10. 


The 0.1yF ceramic power supply bypass capacitors are consid- 
erably more important for the AD507 than for low frequency 
general purpose amplifiers. Their main purpose is.to convert 
the distributed high frequency ground to a lumped single point 
(the V+ point). The V+ to V- 0.1uF capacitor equalizes the 
supply grounds while the 0.1uF capacitor from V+ to signal 
ground should be returned to signal common. The signal 
common, which is bypassed to pin 7, is defined as that point 
at which the input signal source, the feedback network, and 
the return side of the load are joined to the power common. 


Note that the diagrams show each individual capacitor 
directly connected to the appropriate terminal (pin 7 [V+] 
and pin 6 [Output] ). In addition, it is suggested that all 
‘connections be made short and direct, and as physically close 
to the can as possible, so that the length of any conducting 
path shared by external components will be minimized. 


0.1uF (CERAMIC DISC) 
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COMMON POINT 


OFFSET NULL 


INVERTING 
INPUT 
e 


D OUTPUT 
NON-INVERTING : 
INPUT 

‘ 0.1"F 

(CERAMIC DISC) 

OFFSET 
NUCL 100k 


OFFSET NULL *NOT REQUIRED FOR LOAD OR 


CABLE CAPACITANCE >50pF 
22 


+V 


Figure 1. General Purpose Configuration to Closed Loop 
Gain > 10 
Low Gain Conditions 
For low closed loop gain applications, the AD507 should be 
compensated with a 20pF capacitor from pin 8 (frequency 
compensation) to signal common or pin 7 (V+). This configur- 
ation also requires a 30pF feedback capacitor from pin 6 
(Output) to pin 8 (see Figure 2). The 50pF minimum load 
capacitance recommended for uncompensated applications is 
not required when the AD507 is used in the compensated 
mode. This compensation results in a unity gain frequency of 
approximately 10 to 12MHz. 


The excellent input characterisitcs of the AD507 make it 


- useful in low frequency applications where both dc and ac 


performance superior to the 741 type of op amp is desired. ~ 
Some experimentation may be necessary to optimize the. 
AD507 for the specific requirement. The unity gain bandwidth 
can be reduced by increasing the value of the compensation 
capacitor in inverse proportion to the desired bandwidth 
reduction. It is advisable to increase the feedback capacitor at 
the same time, maintaining its value about 50% larger thar the 
compensation capacitor. Because the AD507 is fundamentally 
a wideband amplifier, careful power supply decoupling and 
compensation component layout are required even in low 
bandwidth applications. 


OFFSET VOLTAGE NULLING 

Note that the offset voltage null circuit includes a 2kQ resistor 
in series with the wiper arm of the 100kQ2 potentiometer. 

This resistor is not absolutely required, but its use can prevent 
a condition of false null that can be obtained at the ends of 
the pot range. The knowledgeable user should have no trouble 
differentiating between nulling in the pot mid-range and 
erratic end-range behavior when the wiper is connected 
directly to V+. 


Cr = 30pF 


FREQ COMP 
OFFSET NULL 
INVERTING 

INPUT TO SIGNAL 
COMMON POINT 


O OUTPUT 
NON-INVERTING 
INPUT 

° 0.1 pF 


Figure 2. Configuration for Unity Gain Applications 


HIGH CAPACITIVE LOADING 

Like all wideband amplifiers, the AD507 is sensitive to capa- 
citive loading. Unlike many, however, the AD507 can be 

used to effectively drive reasonable capacitive loads in virtually 
all applications, and capacitive loads of several hundred pico- 
farads in a number of specific configurations. 


In an inverting gain of ten configuration, the internally com- 
pensated amplifier will drive more than 200pF in addition to 
the recommended 50pF load, or a total of over 250pF. Under 
such conditions, the slew rate will be only slightly reduced, 
and the overall settling time somewhat lengthened. 


In general, the capacitive drive capability of the AD507 will 
increase in high gain configurations which reduce closed loop 
bandwidth. 


In any wideband application, it is essential to return the load 
currents supplied by the amplifier to the power supply with- 
out sharing a path with input or feedback signals. This con- 
sideration becomes particularly important when driving capa- 
citive loads which may resonate with short lengths of inter- 
connecting wire. 


FAST SETTLING TIME 

A small capacitor (Cs in Figure 3) will improve the settling 
time of the AD507, when it is used with large feedback 
resistors. The AD507 input capacitance (typically 2 or 3pF), 
together with additional circuit capacitance, will introduce an 
unwanted pole of open-loop response. The extra phase shift 
introduced, for example, by 4pF of input capacitance, and 
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5kQ input source impedance, will result in an underdamped 
transient response, and long settling time. A small (1.5 to 
3.0pF) feedback capacitor will introduce a zero in the open- 
loop transfer function, reducing the phase-shift and increasing 
the damping, which will more than compensate for the slight 
reduction in closed-loop bandwidth. 


BIAS COMPENSATION NOT REQUIRED 
Circuit applications using conventional op amps generally 
require that the source resistances be matched at the inputs to 
cancel the effects of the input currents and take advantage of 
~ low offset current. In circuits similar to that shown in 
Figure 3, the compensation resistance would be equal to the 
parallel combination of Ry and Rp, and for large values 
would require a bypass capacitor. The AD507 is specially 
designed to cancel the input currents so as to reduce them to 
the offset current level. As a result, optimum performance 
can be obtained even though no bias compensation is used, 
and the’non-inverting input can be connected directly to the 
signal common. 


Cs = 20F 


Re = 10kQ 


CONSIDERATIONS OF FIGURE 1 APPLY EXCEPT FOR 
HE LOAD CAPACITOR 


Figure 3. Fast Settling Time Configuration 
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PEAK VOLTAGE SWING — +V GAIN — dB 


EQUIVALENT INPUT NOISE — pV 
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vs Temperature 


TEMPERATURE — °C 


Common Mode Voltage Range 
vs Supply Voltage 


COMMON MODE RANGE — tV 


Ta =0 TO 70°C - 


SUPPLY VOLTAGE -— Volts 


Output Voltage Swing 
vs Frequency 


Ta = 25°C 


PAE 
eh, 


” 10k 100k 1M 10M 100M 4.0 
FREQUENCY — Hz 


Power Supply Current 
vs Temperature 


CURRENT — mA 


Me ad 


+25 +75 
eae: -°C 


THERMAL NOISE 
10kQ RESISTOR 


Broadband Input 
Noise Characteristics 


LOW FREQUENCY 
CUTOFF = 10Hz 


0.1 
100 1k 10k 100k IM 10M 
UPPER FREQUENCY — 3dB — Hz 


Open Loop Gain 
vs Frequency 


-20 
10 100 1k 10k 100k 1M 10M 
FREQUENCY — Hz 


OPEN LOOP VOLTAGE GAIN — dB 


ANALOG 
DEVICES 


High Speed, 


Fast Settling IC Op Amp 


AD509 


FEATURES 

Fast Settling Time (100% Tested) 
0.1% in 500ns max 
0.01% in 2.5418 max 

High Slew Rate: 100V/us min 

Low Ig9s5: 25nA max 

Guaranteed Vos Drift: 30uV/°C max 

High CMRR: 80dB min 

Drives 500pF 

Low Price 


APPLICATIONS 

D/A and A/D Conversion 
Wideband Amplifiers 
Multiplexers 

Pulse Amplifiers 


PRODUCT DESCRIPTION 

The AD509J, AD509K and AD509S are monolithic 
operational amplifiers specifically designed for applications 
requiring fast settling times to high accuracy. The AD509K 
and ADS09S are 100% tested to settle to 0.1% in 500ns max 
and 0.01% in 2.5us max, with typical performance that is 
twice as fast. Other comparable dynamic parameters include a 
small signal bandwidth of 20MHz, slew rate of 100V/us min 
and a full power response of 150kHz min. The devices are 
internally compensated for all closed loop gains greater than 


3, and are compensated with a single capacitor for lower gains. 


The input characteristics of the AD509 are consistent with 


0.01% accuracy over limited temperature ranges; offset current 


is 25nA max, offset voltage is 8mV max, nullable to zero, and 
offset voltage drift is limited to 30uV/°C max. PSRR and 
CMRR are typically 90dB. 


The AD509 is designed for use with high speed D/A or A/D 
converters where the minimum conversion time is limited by 
the amplifier settling time. If 0.01% accuracy of conversion 
is required, a conversion cannot be made in a shorter period 
than the time required for the amplifier to settle to within 
0.01% of its final value. 


All devices are supplied in the TO-99 package. The AD509J 
and AD5O9K are specified for 0 to +70°C temperature range; 
the AD509S for operation from -55°C to +125°C. 


AD509 FUNCTIONAL BLOCK DIAGRAM 


FREQUENCY COMPENSATION 


INVERTING 
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‘NON INVERTING 
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TO-99 
TOP VIEW 


PRODUCT HIGHLIGHTS 

1. The AD509K and ADS509$§ are 100% tested for minimum 
slew rate and guaranteed to settle to 0.01% of its final 
value in less than 2.5us. 


2. The AD509 is internally compensated for all closed loop 
gains above 3, and compensated with a single capacitor for 
lower gains; thus eliminating the elaborate stabilizing tech- 
niques required by other high speed IC op amps. 

3. The AD509 will drive capacitive loads of SOOpF without 
any deterioration in settling time. Larger capacitive loads 
can be driven by tailoring the compensation to minimize 
settling time. 


4, Common Mode Rejection, Gain and Noise are compatible 
with a 0.01% accuracy device. 
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SPECIFICATIONS (typical @ +26°C and +15V de, unless otherwise specified) 


MODEL | AD509J _ AD509K AD509S 
OPEN LOOP GAIN . 
Ry = 2kQ 7,500 min (15,000 typ) 10,000 min (15,000 typ) oe 
@ Ta = min to max 5,000 min 7,500 min a 
OUTPUT CHARACTERISTICS . | 
Voltage @ Ry, = 2kQ, Ta = min to max +10V min (£12V typ) iJ . 
FREQUENCY RESPONSE , 
Unity Gain, Small Signal 20MHz : 
Full Power Response, Vg = +10V 1200kHz min (1.6MHz typ) 1500kHz min (2.0MHz typ) it 
Slew Rate, Ry = 2kQ, Vg = +10V, Cy = 50pF 80V/us min (120V/ps typ) . 100V/us min (120V/ps typ) 
Settling Time 
to 0.1% 200ns 500ns max (200ns typ) ee 
to 0.01% 1.0us 2.5us max (1.Ous typ) 3 
INPUT OFFSET VOLTAGE . 
Initial 10mV max (SmV typ) 8mV max (4mV typ) oe 
TA = min to max 14mV max 11mV max ar 
Avg vs. Temperature, TA = min to max 20uv/°C 30uV/°C max (20uV/°C typ) as 
vs. Supply, TA = min to max 200uV/V max 100uV/V max sie 
INPUT BIAS CURRENT . 
Initial 250nA max (125nA typ) 200nA max (100nA typ) vr 
TA = min to max 500nA max 400nA max — 
INPUT OFFSET CURRENT 
Initial 5OnA max (20nA typ) 25nA max (10nA typ) sis 
TA = min to max 100nA max 50nA max sad 
INPUT IMPEDANCE 
Differential 40MQ min (100MQ typ) 5OMQ min (100MQ typ) = 
INPUT VOLTAGE RANGE 
Differential, max safe +15V sf * 
Common Mode Voltage Range 
TA = min to max +10V . - 
Common Mode Rejection, Vem = +5V 
TA = min to max 74dB min (90dB typ) 80dB min (90dB typ) sos 
INPUT VOLTAGE NOISE 
f = 10Hz 100nV// Hz i . 
f = 100Hz 30nV/V/Hz es is 
f = 100kHz 19nV//Hz * . “ 
POWER SUPPLY 
Rated Performance .t15V * 
Operating +(5 to 20)V ” 
Current, Quiescent 6mA max (4mA typ) ‘i 
TEMPERATURE RANGE 
Rated Performance 0 to +70°C -55°C to +125°C 
Storage -65°C to +150°C = | 
PACKAGE OPTION:' TO-99 Style (HO8A) AD509JH | AD509KH AD509SH 


*Specification same as AD509J. 
**Specification same as ADSO9K. 


1 See Section 20 for package outline information. 
Specifications subject to change without notice. 
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Simplified Nulling Circuit 
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- APPLYING THE AD509 


MEASURING SETTLING TIME. Settling time is defined as 
that period required for an amplifier output to swing from 
0 volts to full scale, usually 10 volts, and to settle to within 
a specified percentage of the final output voltage. For high 
accuracy systems, the accuracy requirement is normally 
specified as either 0.1% (10-bit accuracy) or 0.01% (12-bit 
accuracy) of the 10 volt output level. The settling time 
period is comprised of an initial propagation delay, an 
additional time for the amplifier to slew to the vicinity of 
10 volts, and a final time period to recover from internal 
saturation and other effects, and settle within the specified 
error band. Because settling time depends on both linear 
and nonlinear factors, there is no simple approach to 
predicting its final value to different levels of accuracy. In 
particular, extremely high slew rates do not assure a rapid 
settling time, since this is only one of many factors affecting 
settling time. In most high speed amplifiers, after the 
amplifier has slewed to the vicinity of the final output 
voltage, it must recover from internal saturation and then 
allow any overshoot and ringing to damp out. These 
definitions are illustrated in Figure 1. 
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Figure 1. Settling Time 


The AD509K and AD5098S are 100% tested and guaranteed 
to settle to 0.1% in 500ns and 0.01% in 2.5ps (see Test 
Circuit, Figure 2). Note that the devices are tested compen- 
sated, at a gain of one, with a 50pF capacitive load. There is 
no appreciable degradation in settling time when the capaci- 
tive load is increased to 500pF, as discussed below. The 
settling time is computed by summing the output and the 
input into a differential amplifier, which then drives a scope 
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Figure 2. AD509 Settling Time Test Circuit 


display. The resultant waveform of (Eg — Ejn) of a typical 
AD509 is shown in Figure 3. Note that the waveform crosses 
the mV point representing 0.01% accuracy in approximately 
1.5us. The top trace represents the output Nena the bottom 
trace represents the error signal. 
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Figure 3. Settling Time of AD509 


SETTLING TIME VS. R¢ AND Rj. Settling time of an 
amplifier is a function of the feedback and input resistors, 
since they interact with the input capacitance of the amplifier. 
When operating in the non-inverting mode, the source 
impedance should be kept relatively low; e.g., 5k{92; in order 
to insure optimum performance. The small feedback 
capacitor (SpF) is used in the settling time test circuit in 
parallel with the feedback resistor to reduce ringing. This 
capacitor partially cancels the pole formed in the loop gain 
response as a result of the feedback and input resistors, and 
the input capacitance. 


SETTLING TIME VS. CAPACITIVE LOAD. The AD509 
will drive capacitive loads of 500pF without appreciable 
deterioration in settling time. Larger capacitive loads can be 
driven by tailoring the compensation to minimize settling 
time. Figure 4 shows the settling time of a typical AD509, 
compensated for unity gain with a 15pF capacitor, with a 
SOOpF capacitive load on the output. Note that settling time 
to 0.01% is still under 2.0us. 


pe 
OUTPUT /| tei aA 

PH tet 
Se ee 


aa sone 
| | TT pe Tt cg 
Lt TT PAE | betns 


ERROR 
SIGNAL 


Figure 4. AD509 with 500pF Capacitive Load 


SUGGESTIONS FOR MINIMIZING SETTLING TIME. The 
AD509 has been designed to settle to 0.01% accuracy in 

1 to 2.5us. However, this amplifier is only a building block 

in a circuit that also has a feedback network, input and output 
connections, power supply connections, and a number of 
external components. What has been painstakingly gained in 
amplifier design can be lost without careful circuit design. 
Some of the elements of a good high speed design are.......... 


CONNECTIONS. It is essential that care be taken in the 
signal and power ground circuits to avoid inducing or 
generating extraneous voltages in the ground signal paths. 
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The 0.1uF ceramic power supply bypass capacitors are 
considerably more important for the AD509 than for low 
frequency general purpose amplifiers. Their main purpose. 
is to convert the distributed high frequency ground to a 
lumped single point (the V+ point). The V+ to V— 0.1yF 
capacitor equalizes the supply grounds while the 0.1uF 
capacitor from V+ to signal ground should be returned to 
signal common. The signal common, which is bypassed to 
pin 7, is defined as that point at which the input signal 
source, the feedback network, and the return side of the load 
are joined to the power common. 


Note that the diagram shows each individual capacitor 
directly connected to the appropriate terminal (pin 7 [V+] ). 
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Figure 5. Configuration for Unity Gain Applications 


In addition, it is suggested that all connections be short and 
direct, and as physically close to the case as possible, so that 
the length of any conducting path shared by external 
components will be minimized. 


COMPONENTS. Resistors are preferably metal film types, 
because they have less capacitance and stray inductance 
than wirewound types, and are available with excellent 
accuracies and temperature coefficients. 


Diodes are hot carrier types for the very fastest-settling 
applications, but 1N914 types are suitable for more 
routine uses. 


Capacitors in critical locations are polystyrene, teflon, or 
polycarbonate to minimize dielectric absorption. 


CIRCUIT. For the fastest settling times, keep leads short, 
orient components to minimize stray capacitance, keep 
circuit impedance levels as low as consistent with the out- 
put capabilities of the amplifier and the signal source, 
reduce all external load capacitances to the absolute 
minimum. Don’t overlook sockets or printed circuit 

board mounting as possible sources of dielectric absorption. 
Avoid pole-zero mismatches in any feedback networks used 
with the amplifier. Minimize noise pickup. 


DYNAMIC RESPONSE OF AD509 
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Figure 6. Open Loop Frequency and Phase Response 
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Figure 7. Open Loop Frequency Response for Various Cc’s 


THE AD509 AS AN OUTPUT AMPLIFIER FOR FAST 
CURRENT-OUTPUT D-TO-A CONVERTERS 


Most fast integrated circuit digital to analog converters have 
current outputs. That is, the digital input code is translated 
to an output current proportional to the digital code. In 
many applications, that output current is converted to a volt- 
age by connecting an operational amplifier in the current-to- 
voltage conversion mode. 


The settling time of the combination depends on the settling 
time of the DAC and the output amplifier. A good approxima- 
tion is: 


t, TOTAL = V(t, DAC)? + (ts AMP)? 


Some IC DACs settle to final output value in 100-500 nano- 
seconds. Since most IC op amps require a longer time to settle 
to +0.1% or +0.01% of final value, amplifier settling time can 
dominate total settling time. And for a 12-bit DAC, one least 
significant bit is only 0.024% of full-scale, so low drift and 
high linearity and precision are also required of the output 
amplifier. 
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Figure 8 shows the AD509K connected as an output amplifier 
with the AD565K, high speed 12-bit IC digital-to-analog con- 
verter. The 10 picofarad capacitor, C1, compensates for the 
25pF AD565 output capacitance. The voltage output of the 
AD565K/AD509K combination settles to +0.01% in one 
microsecond. The low input voltage drift and high open loop 
gain of the AD509K assures 12-bit accuracy over the operating 
temperature range. | 


Figure 8. AD507 as an Output Amplifier for a Fast Current- 
Output D-to-A Converter 


ANALOG 
DEVICES 


Low Cost, 


Laser 


Trimmed, Precision IC Op Amp 


FEATURES 

Low Cost 

Low Vos: 25uV max (AD510L), 100uV max (AD510J) 
Low Vos Drift: 0.5uV/°C max (AD510L) 

Internally Compensated 

High Open Loop Gain: 10° min 

Low Noise: 1uV p-p 0.01 to 10Hz 


PRODUCT DESCRIPTION 

The AD510 is the first low cost high accuracy IC op amp 
available. Analog Devices’ precise thermally-balanced layout 
combined with high-yield IC processing provides truly super- 
lative op amp performance at the lowest possible cost. The 
device is internally compensated, thus eliminating the need 
for an additional external capacitor. 


A truly precision device, the AD510 achieves laser trimmed 
offset voltages less than 25uV max and offset voltage drifts of 
0.5uV/°C max (nulled). Bias currents and offset currents are 
available at less than 10nA and 2.5nA respectively, while open 
loop gain is maintained at over 1,000,000, even under loaded 
conditions. Designed along a thermal axis, the AD5 10 is un- 
affected by thermal gradients across the monolithic chip 
caused by current loading. 


The AD5 10 has fully protected inputs, permitting differential 
input voltages of up to +V, without voltage gain or bias current 
degradation due to reverse breakdown. The output is also pro- 
tected from short circuits and drives 1000pF of load capaci- 
tance without oscillation. 


The ADS5 10 is specifically designed for applications requiring 
high precision at the lowest possible cost, such as bridge instru- 
ments, stable references, followers and analog computation. 
Packaged in a hermetically-sealed TO-99 metal can, the AD510 
is available in three versions of performance (J, K and L) over 
the commercial temperature range, 0 to +70°C and one version 
(S) over the full military temperature range, -55°C to +125°C. 


AD510 FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT HIGHLIGHTS 


le 


Offset voltage drift is guaranteed and 100% tested on all 
models with a controlled temperature drift bath with the 
offset voltage nulled. Offset voltage on the AD510L is 
tested following a 3 minute warm-up. 


. The AD510 offers fully protected input (to +Vs) and output 


circuitry. The input protection circuit prevents offset vol- 
tage and bias current degradation due to reverse breakdown, 
a critical factor in high accuracy op amps where overall 
performance is strongly dependent on front-end stability. 


. Internal compensation eliminates the need for elaborate and 


costly stabilizing networks, often required by many high 
accuracy IC op amps. 


. A thermally balanced layout maintains high gain (1,000,000 


min, K, Land S) independent of offset nulling, power sup- 
ply voltage and output loading. 


. Bootstrapping of critical input transistors produces CARR 


and PSRR of 110dB min and 100dB min, respectively. 
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ical @ +25°C and +15V dc unless otherwise noted 


SPECIFICATIONS « 


| AD510SH — 

MODEL | AD510JH AD510KH AD510LH (AD510SH/883B) 
OPEN LOOP GAIN 

Vos = t10V, Ry > 2k2 250,000 min 10° min = oe 

Tmin tO Tmax 125,000 min 500,000 min ae 250,000 
OUTPUT CHARACTERISTICS 

Voltage @ Ry 2 2k22, Tain tO Tmax +10V min . . i 

Load Capacitance 1000pF i is i 

Output Current 10mA min : . e 

Short Circuit Current 25mA . i 7 


FREQUENCY RESPONSE 


Unity Gain, Small Signal 300kHz ae 2 | °. 
Full Power Response 1.5kHz * i 
Slew Rate, Unity Gain 0.10V/us i a a 
INPUT OFFSET VOLTAGE 
Initial Offset, Rg < 10kQ 100uV max 50uV max 25uV max od 
vs. Temp., Tmin tO Tmax 3.0uV/°C max 1.0uV/°C max O.5uV/°C max **. 
vs. Supply 25uUV/V max 10uV/V max om =e 
Tin tO Tmax 40uV/V max 15uV/V max as 20uLV/V max 
INPUT OFFSET CURRENT 
Initial 5nA max 4nA max 2.5nA max bias 
Eins TO" ids 8nA max 6nA max 4nA max 10nA max 
INPUT BIAS CURRENT 
Initial 25nA max 13nA max 10nA max es 
Tmin tO Tmax 40nA max 20nA max 15nA max 30nA max 
vs. Temp, Tmin tO Tmax | +100pA/°C +50pA/°C +40pA/C - ** 
INPUT IMPEDANCE | 
Differential | 4MQQ 6MQ “ - 
Common Mode 100MQ2||4pF : . id 
INPUT NOISE 
Voltage, 0.1Hz to 10Hz IV p-p i . .. 
f = 10Hz 18nV//Hz * * * 
f = 100Hz 13nV/VHz : : : 
f = 1kHz 10nV/A/Hz : . * 
Current, f = 10Hz 0.5pA//Hz : : 
»f = 100Hz 0.3pA//Hz . * + 
f = 1kHz 0.3pA//Hz * * * 


INPUT VOLTAGE RANGE 
Differential or Common Mode 


max safe tVs . : 
Common Mode Rejection, Vin = 
+10V 94dB min 110dB min ois bis 
Common Mode Rejection, T min 
to Tmax 94dB 100dB min +. ** 
POWER SUPPLY 
Rated Performance +15V r . 
Operating +(5 to 18)V . * +(5 to 22)V 
Current, Quiescent 4mA max 3mA max on ae 
TEMPERATURE RANGE 
Operating Rated Performance 0 to +70°C : a 2 -55°C to +125°C 
Storage 65°C to +150°C_* . * 
PACKAGE OPTIONS:' TO-99 Style (HO8B) AD510JH AD510KH AD510LH AD510SH 
NOTES: 


*Specifications same as AD510JH. 
**Specifications same as AD510KH. 
See Section 20 for package outline information. 
Specifications subject to change without notice. 
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fae. 


Applying the AD510_ 


TYPICAL 
NON-INVERTING AMPLIFIER CONFIGURATION 


NULLING THE AD510 


INPUT 
Nulling the AD510 can be achieved using the high resolution - QO “+ ae 
circuit of Figure 1. ae ee ee 
1. Null the offset to zero using a commercially available pot 


(approximately 10k{2). 


R3 1k 0.01% 
2. Measure pot halves, Ry and R2. 


‘Ry x 50kQ ee R2 x 50kQ2 R4 9k 0.01% 
a © ouTPut 


50kQ2 - Ry : 50kQ2 - R2 
AD510L 


4, Insert Ry and R> (closest 1% fixed metal film resistors). +O : r 


3, Calculate ...Ry 


5. Use an industrial quality 100k&2 pot (rp) to fine tune the trim. 


moe : Fi 2. Instrumentation Amplifier 
Nulling to within 1 microvolt can be achieved using this tech- IS ee fatio P 


nique. For best results, the wiper of the potentiometer should 


The configuration shown is designed for a gain of 10, however 
be connected directly to pin 7 of the op amp. 


the gain can be varied upwards by adding a gain select 

resistor Rs. In operation, amplifier Ay provides a gain of 10/9 
for signals at the negative input terminal. This output feeds the 
inverting amplifier Az, which has a gain of 9, resulting in an 
overall gain of 10. For signals at the positive input, the output 
of Ay is at ground potential and the amplifier Az provides a 
gain of 10. Thus, the circuit has a gain of 10 for differential 
signals and 0 for common mode signals; the very high CARR 
and open loop gain of the AD510L automatically produces | 
common mode rejection of at least 25,000 at dc at a gain of 
10 and over 1,000,000 at a gain of 1000. The common mode 
rejection, of course, depends upon the resistor ratios and their 
specified tolerance. Less accurate resistors can be used if the 


network is trimmed. 
THE AD510L IN A SIMPLE INSTRUMENTATION AMPLIFIER 


The circuit of Figure 2 illustrates a simple instrumentation 


Figure 1. High Resolution, High Stability Nulling Circuit 


For gains of 10 the frequency response is down 3dB at 500kHz, 
amplifier suitable for use with strain gauges, thermocouples for gains of 1000, 2kHz. Full output of +10V can be attained 
and other transducers. It provides high input impedance to up to 1800Hz. 

ground at each of the differential input terminals and excellent The common mode rejection at 60Hz is limited by the finite 
common mode rejection. gain bandwidth of A, causing a phase lag on the negative input 
‘signal. At 60Hz the CMRR measures 72dB at a gain of 1000 
and 62dB at a gain of 10. 
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Figure 3. Small Signal Gain vs. Frequency 
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Figure 5. CMRR vs. Frequency 
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Figure 7. Voltage Noise vs. Frequency 
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POWER SUPPLY REJECTION — xV/V 


10k 


Te Mi 
at 
HT 
Hr IL IL I 


1 10 100k 


FREQUENCY — Hz 


Figure 4. PSRR vs. Frequency 
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Figure 6. Gain vs. Load Resistance 
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Figure 8. Current Noise vs. Frequency 


ANALOG 
DEVICES 


Precision, Low-Power 


FET-Input Electrometer Op Amp 


FEATURES 

Ultra Low Bias Current: 0.075pA max (AD515L) 
0.150pA max (AD515K) 
0.300pA max (AD515J) 
1.5mA max Quiescent Current 

| (0.8mA typ) 

Low Offset Voltage: 1.0mV max (AD515 K & L) 
Low Drift: 15uV/°C max (AD515K) 

Low Noise: 4uV p-p, 0.1 to 10Hz 

Low Cost 


Low Power: 


PRODUCT DESCRIPTION 
The AD515 series of FET-input operational amplifiers are 
second generation electrometer designs offering the lowest in- 


put bias currents available in any standard operational amplifier. 


The AD515 also delivers laser-trimmed offset voltage, low drift, 
low noise and low power, a combination of features not pre- 
viously available in ultra-low bias current circuits. All devices 
are internally compensated, free of latch-up, and short circuit 
protected. 


The AD515 delivers a new level of versatility and precision to a 
wide variety of electrometer and very high impedance buffer 
measurement situations, including photo-current detection, 
vacuum ion-gauge measurement, long term precision integra- 
tion, and low drift sample/hold applications. The device is also 
an excellent choice for all forms of biomedical instrumentation 
such as pH/plon sensitive electrodes, very low current oxygen 
sensors, and high impedance biological microprobes. In addi- 
tion, the low cost and pin compatibility of the AD515 with 
standard FET op amps will allow designers to upgrade the per- 
formance of present systems at little or no additional cost. 

The 10'° ohm common mode input impedance, resulting from 
a solid bootstrap input stage, insures that the input bias current 
is essentially independent of common mode voltage. 


As with previous electrometer amplifier designs from Analog 
Devices, the case is brought out to its own connection (pin 8) 
so that the case can be independently connected to a point at 
the same potential as the input, thus minimizing stray leakage 
to the case. This feature will also shield the input circuitry 
from external noise and supply transients, as well as reducing 
common mode input capacitance from 0.8pF to 0.2pF. 


The ADS 15 is available in three versions of bias current and 
offset voltage, the “J’’, ‘“‘K’”’, and “L”’; all are specified for 
rated performance from 0 to +70°C and supplied in a hermetic- 
ally sealed TO-99 package. 


AD515 FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT HIGHLIGHTS 
1. The AD515 provides the lowest bias currents available in an 
integrated circuit amplifier. 

@ The ultra low input bias currents are specified as the max- 
imum measured at either input with the device fully 
warmed up on £15 volt supplies at +25°C ambient with 
no heat sink. This parameter is 100% tested. 

@ By using +5 volt supplies, input bias current can typically 
be brought below 5O0fA. 


2. The input offset voltage on all grades is laser trimmed to a 
level typically less than 500uV. 
@ The offset voltage drift is the lowest available in an FET 
electrometer amplifier. 
@ If additional nulling is desired, the amount required will 
have a minimal effect on offset drift (approximately 
3uV/°C per millivolt). 


3. The low quiescent current drain of 0.8mA typical and 
1.5mA maximum, which is among the lowest available in opera- 
tional amplifier designs of any type, keeps self-heating effects 
to a minimum and renders the AD515 suitable for a wide range 
of remote probe situations. 


4. The combination of low input noise voltage and very low in- 
put noise current is such that for source impedances from much 
over one Megohm up to 10 1! ohm, the Johnson noise of the 
source will easily dominate the noise characteristic. 
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SPECIFICATIONS (typical @ +25°C ald Vs = +15V dc, unless ices specified) 


MODEL 


AD515J AD515K ADS515L 


OPEN LOOP GAIN! 
Vout = +10V, Ry 2 2kQ 
Ry, 2 10kQ2 
Ta =minto max Ry 2 2kQ 


20,000V/V min 
40,000V/V min 
15,000V/V min 


40,000V/V min 
100,000V/V min 
40,000V/V min 


25,000V/V min 
50,000V/V min 
25,000V/V min 


OUTPUT CHARACTERISTICS 


Voltage @ Ry = 2k2, Ta = min to max +10V min (+12V typ) i . 

@ Ry = 10k22, Ta = minto max +12V min (+13V typ) . z 

Load Capacitance? 1000pF i 

Short Circuit Current 10mA min (25mA typ) * . 
FREQUENCY RESPONSE 

Unity Gain, Small Signal 350kHz " d 

Full Power Response 5kHz min (16kHz typ) : - 

Slew Rate Inverting Unity Gain 0.3V/us min (1.0V/us typ) . . 

* * 


Overload Recovery Inverting Unity Gain 


100us max (16ys typ) 


INPUT OFFSET VOLTAGE? 
vs. Temperature, Ta = min to max 
vs. Supply, Ta = min to max 


400uV/V max (50uV/V typ) 


3.0mV max (0.4mV typ) 


1.0mV max (0.4mV typ) 
50uV/°C max 


15uV/°C max 
100uV/V max 


1.0mV max (0.4mV typ) 
25uV/°C max 
200uUV/V max 


INPUT BIAS CURRENT 


Either Input* 300fA max 150fA max 75£A max 
INPUT IMPEDANCE 
Differential 1.6pF|l10'FQ - . 
Common Mode 0.8pF\j10'*Q * - 
INPUT NOISE 
Voltage, 0.1Hz to 10Hz 4.0uV (p-p) . * * 
f = 10Hz 75nVA/Hz : 
f = 100Hz 55nV/\/Hz * sg 
f = 1kHz 50nV/V/Hz : sd 
Current, 0.1 to 10Hz 0.003pA (p-p) . * 
10Hz to 10kHz 0.01pA rms : ’ 
INPUT VOLTAGE RANGE 
Differential +20V min : - 
Common Mode, Ta = min to max £10V min (412V typ) - ” 
Common Mode Rejection, Vjj = +10V 66dB min (94dB typ) 80dB min 70dB min 
Maximum Safe Input Voltage® +V, * * 
POWER SUPPLY 
Rated Performance - £15V typ : 
Operating +5V min (+18V max) : e 
Quiescent Current 1.5mA max (0.8mA typ) bd . 
TEMPERATURE ; 
Operating, Rated Performance 0 to +70 C . 
Storage -65°C to +150°C ‘ ‘ 
PACKAGE OPTIONS®: TO-99 Style (HO8B) AD515JH AD515KH AD515LH 


NOTES 


{Open Loop Gain is specified with or without nulling of Vos. 


»+Vs 


? A conservative design would not exceed 750pF of load capacitance. 
Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta = +25°C. 

“Bias Current specifications are guaranteed after 5 minutes of operation at Ta = +25°C. For 
higher temperatures, the current doubles every +10°C. 

*If it is possible for the input voltage to exceed the supply voltage, a series protection resistor 
should be added to limit input current to 0,5mA. The input device can handle overload 
currents of 0.5mA indefinitely without damage. See next page. 

® See Section 20 for package outline information. 

*Specifications same as AD515J. 

Specifications subject to change without notice. 


Standard Offset Null Circuit 
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LAYOUT AND CONNECTION CONSIDERATIONS 

The design of very high impedance measurement systems intro- 

duces a new level of problems associated with the reduction of 

leakage paths and noise pickup. 

1. A primary consideration in high impedance system designs is 
to attempt to place the measuring device as near to the signal 
source as possible. This will minimize current leakage paths, 
noise pickup and capacitive loading. The AD515, with its 
combination of low offset voltage (normally eliminating the 
need for trimming), low quiescent current (minimal source 
heating, possible battery operation), internal compensation 
and small physical size lends itself very nicely to installation 
at the signal source or inside a probe. Also, as a result of the 
high load capacitance rating, the AD515 can comfortably 
drive a long signal cable. 


2. The use of guarding techniques is essential to realizing the 
capability of the ultra-low input currents of the AD515. 
Guarding is achieved by applying a low impedance bootstrap 
potential to the outside of the insulation material surrounding 
the high impedance signal line. This bootstrap potential is held 
at the same level as that of the high impedance line; therefore, 
there is no voltage drop across the insulation, and hence, no 
leakage. The guard will also act as a shield to reduce noise pick- 
up and serves an additional function of reducing the effective 
capacitance to the input line. The case of the AD515 is brought 
out separately to pin 8 so that the case can also be connected 


to the guard potential. This technique virtually eliminates poten- 


tial leakage paths across the package insulation, provides a 
noise shield for the sensitive circuitry, and reduces common- 
mode input capacitance to about 0.2pF. Figure 1 shows a 
proper printed circuit board layout for input guarding and 
connecting the case guard. Figures 2 and 3 show guarding 
connections for typical inverting and non-inverting applica- 
tions. If pin 8 is not used for guarding, it should be connected 
to ground or a power supply to reduce noise. 


INPUTS 


GUARD SAME PATTERN SHOULD BE 


LAID OUT ON BOTH SIDES 
OF P.C. BOARD 


(BOTTOM VIEW) 


Figure 1. Board Layout for Guarding Inputs with Guarded 
TO-99 Package 


Ww 


. Printed circuit board layout and construction is critical for 
achieving the ultimate in low leakage performance that the 

-AD515 can deliver. The best performance will be realized 
by using a teflon IC socket for the AD515; but at least a 
teflon stand-off should be used for the high-impedance lead. 
If this is not feasible, the input guarding scheme shown in 
Figure 1 will minimize leakage as much as possible; the guard 
ring should be applied to both sides of the board. The guard 
ring is connected to a low impedance potential at the same 
level as the inputs. High impedance signal lines should not be 
extended for any unnecessary length on a printed circuit; to 
minimize noise and leakage, they must be carried in rigid, 
shielded cables. 


Applying the AD515 


4, Another important concern for achieving and maintaining 
low leakage currents is complete cleanliness of circuit boards 
and components. Completed assemblies should be washed 
thoroughly in a low residue solvent such as TMC Freon or 
high-purity methanol followed by a rinse with deionized 
water and nitrogen drying. If service is anticipated in a high 
contaminant or high humidity environment, a high dielectric 
conformal coating is reconimended. All insulation materials 


except Kel-F or teflon will show rapid degradation of surface 


leakage at high hurhidities. 


OPTIONAL PROTECTION ce 
(SEE TEXT) 10p 


Figure 2. Picoampere Curren:-to- Voltage Converter Inverting 
Configuration 
OPTIONAL Rp 


Re 
= 1+ — 
Eg = Vs ( Re! 


OPTIONAL CONNECTION FOR R 
GUARDING CABLE (SEE TEXT) s 


Figure 3. Very High Impedance Non-Inverting Amplifier 


INPUT PROTECTION 

The AD515 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The unique bootstrapped 
input stage design also allows differential input voltages of up 
to +20 volts (or within 10 volts of the sum of the supplies) 
while maintaining the full differential input resistance of 
10'°Q, as shown in Figure 10. This makes the AD515 suitable 
for low speed comparator situations employing a direct connec- 
tion to a high impedance source. % 


Many instrumentation situations, such as flame detectors in 
gas chromatographs, involve measurement of low level currents 
from high-voltage sources. In such applications, a sensor fault 
condition may apply a very high potential to the input of the 
current-to-voltage converting amplifier. This possibility neces- 
sitates some form of input protection. Many electrometer type 
devices, especially CMOS designs, can require elaborate zener 
protection schemes which often compromise overall perfor- 
mance. The AD515 requires input protection only if the source 
is not current-limited, and as such is similar to many JFET- 
input designs. The failure mode would be overheating from 
excess current rather than voltage breakdown. If the source is 
not current-limited, all that is required is a resistor in series 
with the affected input terminal so that the maximum over- 
load current is 0.5mA (for example, 200kQ for a 100 volt 
overload). This simple scheme will cause no significant reduc- 
tion in performance and give complete overload protection. 
Figures 2 and 3 show proper connections. 
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Zin = 10'S 2110.2pF 


COAXIAL CABLE AND CAPACITANCE EFFECTS 

If it is not possible to attach the AD515 virtually on top of the 
signal source, considerable care should be exercised in designing 
the connecting lines carrying the high impedance signal. Shielded 
coaxial cable must be used for noise reduction, but use of coax- 
ial cables for high impedance work can add problems from cable 
leakage, noise, and capacitance. Only the best polyethylene or 
virgin teflon (not reconstituted) should be used to obtain the 
highest possible insulation resistance. 


Cable systems should be made as rigid and vibration-free as 
possible since cable movement can cause noise signals of three 
types, all significant in high impedance systems. Frictional 
movement of the shield over the insulation material generates a 
charge which is sensed by the signal line as a noise voltage. Low 
noise cable with graphite lubricant will reduce the noise, but 
short rigid lines are better. Cable movements will also make 
small changes in the internal cable capacitance and capacitance 
to other objects. Since the total charge on, these capacitances 
cannot be changed instantly, a noise voltage results as pre- 
dicted from: AV = Q/AC. Noise voltage is also generated by 

the motion of a conductor in a magnetic field, 


The conductor-to-shield capacitance of coaxial cable is nor- 
mally about 30pF/foot. Charging this capacitance can cause 


~ considerable stretching of high impedance signal rise-time, thus - 


cancelling the low input capacitance feature of the AD515.. 
There are two ways to circumvent this problem. For inverting 
signals or low-level current measurements, the signal is carried 
on the line connected to the inverting input and shielded (guar- 
ded) by the ground line as shown in Figure 2. Since the signal 
is always at virtual ground, no voltage change is required and 
no capacitances are charged. In many circumstances, this will 
de-stabilize the circuit; if so, capacitance from output to invert- 
ing input will stabilize the circuit. __ 


Non-inverting and buffer situations are more critical since the 
signal line voltage and therefore charge will change, causing sig- 
nal delay. This effect can be reduced considerably by connect- 
ing the cable shield to guard potential instead of ground, an 
option shown in Figure 3. Since such a connection results in 
positive feedback to the input, the circuit may destabilize and 
oscillate. If so, capacitance from positive input to ground must 
be added to make the net capacitance at pin 3 positive. This 
technique can considerably reduce the effective capacitance 
which must be charged. 


Typical Performance Curves 
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PSRR AND CMRR - dB 
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10 100 10k , 100k 1M 


1 
FREQUENCY — Hz 


Figure 4. PSRR and CMRR Versus Frequency. 


VOLTAGE GAIN — dB 
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FREQUENCY — Hz 


100k 


Figure 5. Open Loop Frequency Response 
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15 


COMMON MODE RANGE — Volts +V 


‘SUPPLY VOLTAGES — Volts’ 


Figure 6. Input Common Mode Range Versus Supply Voltage 


(WHEREVER JOHNSON NOISE IS GREATER THAN 
AMPLIFIER NOISE, AMPLIFIER NOISE CAN BE 
CONSIDERED NEGLIGIBLE FOR APPLICATION) 


-_ 
_ 


| ttn nserone RESISTOR ~ 


a 


INPUT NOISE VOLTAGE - uV, p-p 
3 


10 B 
AMPLIFIER 
; one GENERATED NOISE 


0° 10° 10’ 10° 10 


10'° 10!! 
SOURCE IMPEDANCE — Ohms 


10!2 10}3 


Figure 7..Peak-to-Peak Input Noise Voltage. 
Versus Source Impedance and Bandwidth 


ELECTROMETER APPLICATION NOTES 
The ADS515 offers the lowest input bias currents available in an 


integrated circuit package. This design will open up many new + 
application opportunities for measurements from very high Eo ¢ 
impedance and very low current sources. Performing accurate a : 
measurements of this sort requires careful attention to detail; 38 E 
the notes given here will aid the user in realizing the full meas- rf: > 
urement potential of the AD515 and perhaps extending its § 
- performance limits. 

1. As with all junction FET input devices, the temperature POWER SUPPLY — Volt 

of the FET’s themselves is all-important in determining Figure 8. Input Bias Current and Supply Current Versus 

the input bias currents. Over the operating temperature Supply Voltage | 

range, the input bias currents closely follow a characteristic 

of doubling every 10°C; therefore, every effort should be 8.0 

made to minimize device operating temperature. er rer re 
2. The heat dissipation can be reduced initially by careful Z URIS WARE ur 

investigation of the application. First, if it is possible to re- eee 

duce the required power supplies, this should be done since 2 

internal power consumption contributes the largest compo- 5 = 

nent of self-heating. To minimize this effect, the quiescent ee 

current of the AD515 has been reduced to a level much 7 

lower than that of any other electrometer-grade device, but : 3.0 

additional performance improvement can be gained by low- : 

ering the supply voltages, to +5 volts if possible. The effects - 

of this are shown in Figure 8, which shows typical input bias es 

current and quiescent current versus supply voltage. ADDITIONAL INTERNAL POWER DISSIPATION — Milliwatts 
3. Output loading effects, which are normally ignored, can Figure 9. Input Bias Current Versus Additional Power 


cause a significant increase in chip temperature and there- Dissipation 
fore bias current. For example, a 2kQ load driven at 10 
volts at the output will cause at least an additional 25 milli- 
watts dissipation in the output stage (and some in other 
stages) over the typical 24 milliwatts, thereby at least dou- 
bling the effects of self-heating. The results of this form of 
additional power dissipation are demonstrated in Figure 9, 
which shows normalized input bias current versus additional 
power dissipated. Therefore, although many dc performance 
parameters are specified driving a 2kQ load, to reduce this 
additional dissipation, we recommend restricting the load 
impedance to be at least 10k{2. 


Vs = +15 VOLTS 
Vem = 0 
Ta = +25°C 


INPUT BIAS CURRENT (EITHER INPUT) — fA 


-25 -20 -15 = -10 6 0 +5 +10 +15 +20 +25 
Voire — Volts 


Figure 10. Input Bias Current Versus Differential Input Voltage 
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AD515 CIRCUIT APPLICATION NOTES | 

The AD515 is quite simple to apply to a wide variety of appli- 
cations because of the pre-trimmed offset voltage and internal 
compensation, which minimize required external components 
and eliminate the need for adjustments to the device itself. The 
major considerations in applying this device are the external 
problems of layout and heat control which have already been 
discussed. In circuit situations employing the use of very high 
value resistors, such as low level current to voltage converters, 
electrometer operational amplifiers can be destabilized by a 
pole created by the small capacitance at the negative input. If 
this occurs, a capacitor of 2 to 5pF in parallel with the resistor 
will stabilize the loop. A much larger capacitor may be used if 
desired to limit bandwidth and thereby reduce wideband noise. 


Selection of passive components employed in high impedance 
situations is critical. High-megohm resistors should be of the 
carbon film or deposited ceramic oxide to obtain the best in 
low noise and high stability performance. The best packaging 
for high-megohm resistors is a glass body sprayed with silicone 
varnish to minimize humidity effects. These resistors must be 
handled very carefully to prevent surface contamination. 
Capacitors for any high impedance or long term integration 
situation should be of a polystyrene formulation for optimum 
performance. Most other types have too low an insulation 
resistance, or high dielectric absorption. 


- Unlike situations involving standard operational amplifiers with 
much higher bias currents, balancing the impedances seen at 
the input terminals of the AD515 is usually unnecessary and 
probably undesirable. At the large source impedances where 
these effects matter, obtaining quality, matched resistors will 
be difficult. More important, instead of a cancelling effect, as 
with bias current, the noise voltage of the additional resistor 
will add by root-sum-of-squares to that of the other resistor thus 
increasing the total noise by about 40%. Noise currents driving 
the resistors also add, but in the AD515 are significant only 
above 10!'Q. 


(ALL RESISTORS OF SAME NUMBER SHOULD BE MATCHED +0.1%) 


(BUFFER A1 BOOSTS COMMON MODE Zin BY ORIVING CABLE SHIELDS 
AT COMMON MODE VOLTAGE AND NEUTRALIZING CM CAPACITANCE) 


Figure 11. Very High Impedance Instrumentation Amplifier 
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O RESET 
(NEGATIVE PULSE) 


OUT 


= pate dt 
e e 


Figure 12. Low Drift Integrator and Low-Leakage Guarded - 
Reset 


LOW-LEVEL CURRENT TO VOLTAGE CONVERTERS 
Figure 2 shows a standard low-level current-to-voltage conver- 
ter. To obtain higher sensitivity, it is obvious to simply use a 
higher value feedback resistor. However, high value resistors 
above 10°Q tend to be expensive, large, noisy and unstable. 
To avoid this, it may be desirable to use a circuit configuration 
with output gain, as in Figure 13. The drawback is that input 
errors of offset voltage drift and noise are multiplied by the 
same gain, but the precision performance of the AD515 makes 
the tradeoff easier. 


Re Ry 


Eo =-ImV/pA x (1+ R4) 
Ro 


Figure 13. Picoampere to Voltage Converter with Gain 


One of the problems with low-level leakage current testing or 
low-level current transducers (such as Clark oxygen sensors) is 
finding a way to apply voltage bias to the device while still 
grounding the device and the bias source. Figure 14 shows a 
technique in which the desired bias is applied at the non-invert- 
ing terminal thus forcing that voltage at the inverting terminal. 
The current is sensed by Rp, and the AD521 instrumentation 
amplifier converts the floating differential signal to a single- 
ended output. 


BIAS = Vg = 


a 
Figure 14. Current-to-Voltage Converters with Grounded 
Bias and Sensor 


ANALOG —  & * ~ Low Cost, Caser 
DEVICES — Trimmed, Precision IC Op Amp 


FEATURES AD517 FUNCTIONAL BLOCK DIAGRAM 
Low Input Bias Current: 1nA max (AD517L) 


Low Input Offset Current: 0.25nA max (AD517L) | ht tee 8 
Low Vos: 50uV max (AD517L), 150uV max (AD517J) 
Low Vos Drift: 1.3uV/°C (AD517L) 
; 1 7 +V5 
Internal Compensation 
Low Cost 
-IN 2 6 OUTPUT 
+IN 3 5 NC 
4 
-Vs5 
TO-99 
TOP VIEW 
PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS | 
The AD517 is a high accuracy monolithic op amp featuring ex- 1. Offset voltage is 100% tested and guaranteed on all models, 
tremely low offset voltages and input currents. Analog Devices’ Testing is performed following a 5 minute warm-up period. 
thermally-balanced layout and superior IC processing combine 2. The AD517 exhibits extremely low input bias currents 
to produce a truly precision device at low cost. without sacrificing CMRR (over 100dB) or offset voltage 
stability. 
The AD517 is laser trimmed at the wafer level (LWT) to pro- 3. The AD517 inputs are protected (to +Vg), preventing offset 


duce offset voltages less than 50uV and offset voltage drifts 
less than 1.3uV/ C unnulled. Superbeta input transistors pro- 
vide extremely low input bias currents of 1nA max and offset 
currents as low as 0.25nA max. While these figures are com- 
parable to presently available BIFET amplifiers at room tem- 
perature, the AD517 input currents decrease, rather than 
increase, at elevated temperatures. Open-loop gain in many IC 
amplifiers is degraded under loaded conditions due to thermal 
gradients on the chip. However, the AD517 layout is balanced ; . 
along a thermal axis, maintaining open-loop gain in excess of 6. Thermally-balanced layout insures high open-loop gain inde- 


1,000,000 for a wide range of load resistances. pendent of thermal gradients induced by output loading, 
offset nulling, and power supply variations. 


voltage and bias current degradation due to reverse break- 
down of the input transistors. 


4. Internal compensation is provided, eliminating the need for 
additional components (often required by high accuracy IC 
op amps). 

5. The AD517 can directly replace 725, 108, and AD510 am- 
plifiers. In addition, it can replace 741-type amplifiers if the 
offset-nulling potentiometer is removed. 


The input stage of the AD517 is fully protected, allowing dif- 
ferential input voltages of up to +Vg without degradation of 
gain or bias current due to reverse breakdown. The output 
stage is short-circuit protected and is capable of driving a load 
‘€apacitance up to 1000pF. 


The AD517 is well suited to applications requiring high pre- 
cision and excellent long-term stability at low cost, such as 
stable references, followers, bridge instruments and analog 
computation circuits. 


The circuit is packaged in a hermetically sealed TO-99 metal 
can, and is available in three performance versions (J, K, and 
L) specified over the commercial 0 to +70°C range; and one 
version (AD5 17S) specified over the full military temperature 
range, -55°C to +125°C. The AD517S is also available with 
processing to the requirements of MIL-STD-883, Level B. 
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SPECIFICATIONS (typical @ +25°C and +15V dc unless rifisrwice noted) 


MODEL : AD517J AD517K AD517L AD517S! 
OPEN LOOP GAIN 

Tey toT 2s 500,000 min - + 250,000 
OUTPUT CHARACTERISTICS 

Voltage @ Ry 4 2kQ, T,,;, to Tpax +10V min * * * 

Load Capacitance 1000pF * * * 

Output Current 10mA min 7 * * 

Short Circuit Current 25mA * * * 


FREQUENCY RESPONSE 


Unity Gain, Small Signal 250kHz sj . * 

Full Power Response 1.5kHz a i * 

Slew Rate, Unity Gain 0.10V/us : * * 
SSS SSS SSS SSS Ss SSS SS 
INPUT OFFSET VOLTAGE 

Initial Offset, Rg < 10kQQ 150uV max 75uV max 5O0uUV max = 

vs. Temp., Ty tO Trax 3.0uV/°C max 1.8uV/°C max 1.3uV/°C max aig 
vs. Supply 25uV/V max 10u.V/V max sas stg 
(Trin C° Trax) 40uV/V max 15uV/V max or 20uV/V max 
INPUT OFFSET CURRENT 

Initial 1nA max 0.75nA max - 0.25nA max aia 

We oo ae Saree 1.5nA max 1.25nA max 0.4nA max 2nA max 
INPUT BIAS CURRENT 

Initial 5nA max 2nA max 1nA max =e 

Te tO Eas: 8nA max 3.5nA max 1.5nA max 10nA max 

vs. Temp, T,,:, tO Tmax +20pA/°C +10pA/°C +4pA/PC “ 
INPUT IMPEDANCE 

Differential 1ISMQIIL.SpF 20MQ21l1.5pF as a 

Common Mode 2.0x10!!.Q . * * 
INPUT NOISE 

Voltage, 0.1Hz to 10Hz 2uV p-p “ . 

f = 10Hz 35nV/A/Hz us * * 
f = 100Hz 25nV/A/ Hz " . * 
f = 1kHz 20nV/\/ Hz * x - 
Current, f = 10Hz 0.05pA//Hz ’ . . 
f = 100Hz 0.03 pA//Hz . . . 
f = 1kHz 0.03 pA//Hz 7 - 24 
‘INPUT VOLTAGE RANGE | 

Differential or Common Mode max Safe +Vo a i : 

Common Mode Rejection, V;,=+10V  94dB min 110dB min ies oe 

Common Mode Rejection, T,,;,, to T,,,, 94dB min 100dB min nab ve 
POWER SUPPLY 

Rated Performance | +15V * z | * 

Operating +(5 to 18)V © 7 ig +(5 to 22)V 

Current, Quiescent 4mA max 3mA max sais sas 
TEMPERATURE RANGE 

Operating Rated Performance 0 to +70°C : ‘i -55°C to +125°C 

Storage -65°Cto+150°C  * 7 : 
PACKAGE OPTION:? TO-99 Style (HO8B) AD517JH AD517KH . AD517LH AD517SH | 

NOTES 


*Specifications same as AD517J 
**Specifications same as AD517K 


1The AD517S is available processed and screened to the requirements of MIL-STD-883, Level B. 
2 See Section 20 for package outline information. 


Specifications subject to change without notice. 
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NULLING THE AD517 

The internally-trimmed offset voltage of the AD517 will be low 
enough for most circuits without further nulling. However, in 
high precision applications, the AD517 may be nulled using 
either of the following methods: 

Figure 1A shows a simple circuit using a 10kQ, ten-turn poten- 
tiometer. This circuit allows nulling to within several microvolts. 


The circuit of Figure 1B is recommended in applications where 
nulling to within 1yV is desired. This circuit has the advantage 
that potentiometer instability effects are reduced by a factor 
of ten. Values of Ry’ and R’ are calculated as follows: , 


1. Null the offset to zero using a standard 10k pot, as shown | 
in Figure 1A. 


2. Measure pot halves R, and Rp. 
3. Calculate: 
re R, Xx 50kQ, , 


Ry x 50kQ 


Ry 


4, Replace the pot with Ry’ and R2’ using the closest value 
1% metal film resistors. 


5. Use a 100k, ten-turn pot for R,, to complete the nulling. 


10k 
10 TURNS 


A. Simple 


B. High Precision 


Figure 1. Nulling Circuits 


AN INSTRUMENT INPUT AMPLIFIER USING THE AD517L 
The circuit shown in Figure 2 represents a typical input stage 
for laboratory instruments and panel meters. The amplifier is 
non-inverting and offers selectable gains from 1 to 1000 in 
decade steps. 


Applying the ADS17 


INPUT 


R10 
90k 0.02% 


R11 
9k 0.02% 


R12 
90022 0.02% 


R13 
10082 0.02% 


Figure 2. Stable Instrument Input Amplifier. 


Input impedance of this amplifier is 10 megohms, determined 
by resistor R,. The offset nulling network comprised of R3, 
Rg and Rg is the same one described earlier. If a less precise 
adjustment can be tolerated, a single 10k potentiometer can be 
substituted for R3, Ry and Rs. 


Gain switching is accomplished in the feedback network. The 
divider consisting of Ryg, Ry, Ry. and R43 determines the 
gain by dividing the output and returning it to the inverting 
input of the amplifier. The ratio tolerances of these resistors 
uniquely determine the gain of the amplifier. The impedance 
seen by the inverting input is held constant at 10k ohms by 
Re, Rz Rg or Rg depending on the gain selected. Since input 
bias currents flow through equal resistances, the offset voltages 
produced will cancel each other. The input offset currents will 
produce an insignificant offset voltage on the order of 1 micro- 
volt. If this offset is nulled out at the highest gain selected, it 
will be nulled on all ranges. 


The AD517 offers excellent temperature stability in this cir- 
cuit. Once the offset has been zeroed, the error produced by 
offset current drift will remain quite low due to the extremely 
low offset current drift of the AD517. A FET-input op amp 
would not work well in this application, since the input offset 
currents would double for each 10°C increase in temperature, 
soon exceeding the input offset currents of the AD517. 
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FEATURES 
Low Cost 
High Slew Rate: 7O0V/us: 
Wide Bandwidth: 12MHz . 
60° Phase Margin (At Unity Gain Crossover) 
Drives 300pF Load 
Guaranteed Low Offset Drift: 
15uV/°C Max (AD518K) 
Pin Compatible With 118-Type 
Op Amp Series 
MIL-STD-883 Availability 


PRODUCT DESCRIPTION 

The AD518J, AD518K, and AD518S are high speed precision 
monolithic operational amplifiers designed for applications 
where slew rate and wide bandwidth are required, but low 
cost and ease of use are essential. The devices are internally 
compensated for unity gain applications with a 60° phase 
margin to insure stability, a minimum unity gain slew rate of 
50V/us, and a typical bandwidth of 12MHz. In addition, in 
inverting applications external feedforward compensation 
may be added to increase the slew rate to over 100V/ps, 

and nearly double the bandwidth. If desired, settling time to 
0.1% can be reduced to under 1ys with a single external 
capacitor. | | 


The AD518’s dc performance is consistent with its precision 
dynamic characteristics. The devices feature offset voltages 
below 2mV, maximum offset drifts of 15uV/°C, and offset 

currents below 50nA max. 


The high slew rate, fast settling time, ease of use, and low cost 
of the AD518 make it ideal for use with D/A and A/D 
converters, as well as active filters, sample-and-hold circuits, 
and as a general purpose, fast, wideband amplifier. The 
AD518 is supplied in the TO-99 package. The AD518]J and 
AD518K are specified for operation over the 0 to +70°C 
temperature range; the AD518S for operation from -55°Cto 
+125 C. . 


~AD518 FUNCTIONAL BLOCK DIAGRAM 


BALANCE 
COMPENSATION 2 


BALANCE 
COMPENSATION 1 


BALANCE 
COMPENSATION -3 


V- 
TO-99 
TOP VIEW 


PRODUCT HIGHLIGHTS 
1. The AD518 offers the user high speed performance and 
flexibility previously unavailable at low cost......... 


@ Internal compensation for unity gain applications 
® Capability to increase slew rate to over 100V/us and 
double the bandwidth by an external feedforward . 
technique 
_ @ Capability to reduce settling time to under lps to 
0.1% with a single external capacitor 
©@ Differential input capability 


2. The phase margin of the AD518, uncompensated at the 
unity gain crossover frequency, is 60°, providing 
unconditional stability for all conditions. This conservative 
phase margin represents a clear improvement over that of 
the 118 series IC op amps currently available. 


3. The static performance of the AD518 is consistent with its 
excellent dynamic performance, providing offset voltage 
drift under 15uV/°C, CMRR of 80dB, and offset current 
below 50nA. 


OPERATIONAL AMPLIFIERS VOL. |, 4-63 


PARAMETER AD518J ADS518K AD518S 
OPEN LOOP GAIN : | ' 
Ry > 2kQ, Vo = +10V 25,000 min (100,000 typ) 50,000 min (100,000 typ) 50,000 min (100,000 typ) 
@ TA = min to max 20,000 min 25,000 min 25,000 min 
OUTPUT CHARACTERISTICS 
Voltage @ Ry # 2kQ, TA = min to max +12V min (£13V typ) m 
Current @ Vo = +10V +10mA : 
Short Circuit Current 25mA id 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 12MHz : 
Slew Rate, Unity Gain 50V/us min (70V/ps typ) 
Settling Time to 0.1% 
(Single Capacitor Compensation) 800ns . 
Phase Margin, Uncompensated at Unity 


Gain Crossover F requency 60° + * 


INPUT OFFSET VOLTAGE 


Initial, Rg < 10kQ2 10mV max (4mV typ) 4mV max (2mV typ) 4mV max (2mV typ) 
@ Ta = min to max 15mV max 6mV max 6mV max 
Avg vs. Temp, Ta = min to max 10uV/°C 15uV/°C max (5uV/°C typ) —- 20nV/°C max (10uV/°C typ) 
Avg vs. Supply, TA = min to max 65dB min (80dB typ) -80dB min (90dB typ) 80dB min (90dB typ) 
INPUT BIAS CURRENT 
Initial 500nA max (120nA typ) 250nA max (120nA typ) 250nA max (120nA typ) 
@ TA = min to max . 750nA ma 400nA max 400nA max 
<a mig a pci iii ie i aici anima 
INPUT OFFSET CURRENT 
Initial 200nA max (30nA typ) 50nA max (6nA typ) 50nA max (6nA typ) 
@ TA = min to max 300nA max - 100nA max 100nA max 
nn eee 
INPUT IMPEDANCE 
Differential 0.5MQ min (3.0MQ typ) . sd 
i re re eT ee 
INPUT VOLTAGE RANGE 
Common Mode, max safe +Vs . i‘ 
Operating, Vs = t15V +11.5V - " 
Common Mode Rejection Ratio 70dB min (100dB typ) 80dB min (100dB typ) 80dB min (100dB typ) 
ee 
POWER SUPPLY 
Rated Performance t15V 
Operating +(5 to 20)V on x 
Current, Quiescent - 10mA max (5mA typ) 7mA max (5mA typ) 7mA max (SmA typ) 
a RI PS SC TSP I SES TI I ISIE I EE ES EO EE I TE EE EA EET TTT TT LEED DEE 
TEMPERATURE RANGE 
Rated Performance 0 to +70°C = -55°C to +125°C 
Storage -65°C to +150°C > u 
arena SE 
PACKAGE OPTION:?” TO-99 Style (HO8A) AD518JH AD518KH AD518SH 
ere ers enn ————————————e 
NOTES « 


The inputs are shunt with back-to-back diodes; if the differenti 
input exceeds +1 volt, a resistor should be used to limit the input 
current to 10mA. 

2 See Section 20 for package outline information. 

*Specifications same as AD5 18). 

Specifications subject to change without notice, 


VOL. |, 4-64 OPERATIONAL AMPLIFIERS 


STABILITY & PHASE MARGIN 

Perhaps one of the most meaningful ways to express the 
relative stability of a closed’ loop amplifier is in terms of phase 
margin. Phase margin is measured at that frequency where the 
open loop gain of the amplifier becomes unity or OdB. It is 
the additional amount of phase shift that, if introduced in the 
loop, would make the loop unstable. > 


At very low frequencies the gain of most operational 
amplifiers is generally large. Moreover, the amplifier output 
signal is very nearly in phase with the differential input signal. 
This output is, therefore, nearly 180° out of phase with the _ 
feedback signal applied to the inverting input. At sufficiently 
high frequencies the gain of the amplifier begins to decrease as 
a function of frequency, with the resulting consequence of a 
lagging phase characteristic. That is, as the gain falls with 
increasing frequency, the phase of the output signal at a given 
frequency will lag the phase of the input signal. The phase 
shift depends most critically on the slope of the gain curve 
with respect to the logarithm of the frequency at the | 
frequency where the phase is measured. If the gain changes 
more rapidly than 12dB/octave over a substantial frequency 
range, the minimum resulting phase shift may exceed 180°. 


To insure amplifier stability, it is necessary that the phase 
shift near the unity gain frequency (12MHz in the AD518) is 
less than 180°. Moreover, it is generally required that the 
phase shift be substantially below the critical stability point 
to insure proper system performance. If the unity gain phase 
shift approaches 180°, the system will be on the verge of 
oscillation. As a result, there will be a large peak in the closed 
loop response near the unity loop gain frequency. This 
sharply peaked frequency response generally causes an 
undesirable small signal transient response with a poorly 
damped overshoot. 


The term phase margin refers to the difference between 180° 
and the actual frequency-dependent phase shift at the system 
unity gain frequency. It is the margin between the actual 
system phase shift and the critical phase shift at which 
oscillation will occur. Not only does it indicate the relative 
immunity to oscillation, but it also gives some indication 
about the peaking and overshoot that can be expected. 


The simple pole or frequency response of a single R-C network 
has a gain slope of 6dB/octave. This response has an 
associated phase shift which is asymptotic to —90°. Linear 
systems which are dominated by this characteristic in their 
open loop response are stable. They show no overshoot or 
ringing in their small signal transient response. Additional 
poles, either above or below the unity loop gain frequency, 
will add phase shift. As phase shift increases up to a lagging 
phase of about 120°, representing a 60° phase margin, little 
or no peaking will result, As the unity gain phase shift 
increases, peaking becomes more and more evident. For 
example, as the phase shift reaches 160° (20° of phase 
margin), between 9 and 10dB of peaking will occur. 


The AD518 has been designed for a 60° phase margin at the 
unity gain crossover frequency, for absolute stability and 
absence of ringing and overshoot. (Note the transient response 
of the AD518 in Figure 1.) Note also in Figure 2 that the 
phase shift at 12MHz, the unity gain crossover frequency, is 
120°, representing 60° of phase margin. 


OPEN LOOP GAIN—dB 
see1Bep—Oy1 3SVHd 


FREQUENCY-Hz 


Figure 2. Amplitude and Phase Response of the AD518 


THE FLEXIBILITY OF THE AD518 

MINIMUM SETTLING TIME APPLICATIONS 

For applications where a minimum settling time is desired, the 
settling time of the AD518 may be reduced significantly by 
employing the compensation scheme suggested in Figure 3. 


INPUT © 


Figure 3. Minimum Settling Time Compensation 


Using the 0.1uF capacitor from Pin 5 to V+ (Pin 7), the 
settling time to 0.1% is reduced from 2us to 800ns. 
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HIGHER BANDWIDTH OR 

HIGHER SLEW RATE APPLICATIONS 

For applications where higher bandwidth is desired, the 
bandwidth of the AD518 may be increased to nearly 
25MHz by using the feedforward technique shown in 
Figure 4. 


Figure 4. High Bandwidth Configuration 


For applications where higher slew rate is desired, the slew 
rate of the AD518 may be nearly doubled using the technique 
shown in Figure 5. . 


5k 


INPUT O 
O OUTPUT 


2.5k BALANCE 


Figure 5. High Slew Rate Configuration 


Note that the techniques of Figures 4 and 5 may be used in 
conjunction with each other to both double the bandwidth 
to 25MHz and increase the slew rate to 100—140V/us. 


USING THE AD518 

The connection scheme employed when using the AD518 is 
considerably more important than for low frequency, general 
purpose amplifiers. The primary purpose of the 0.1uF bypass 
capacitors shown in Figure 6 is to convert the distributed 
high frequency ground to a lumped single point (the V+ point). 
The V+ to V— 0.1yF capacitor equalizes the supply grounds, 
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while the 0.1uF capacitor from V+ to signal ground should be 
returned to signal common. This signal common, which is 


_ bypassed to pin 7, is defined as that point at ‘which the input 


signal source, the feedback network, and the return side of the 
load are joined to the power common. : 


When using the AD5 18, this decoupling configuration should 
be used in conjunction with the configuration of Figures 3, 
4 and 5, depending on the specific application. 


Note that the diagram shows each individual capacitor directly 
connected to the appropriate terminal. In addition, it is 
suggested that all connections be made short and direct, and as 
physically close to the can as possible, so that the length of 
any conducting path shared by external components will be 
minimized. 


FEEDFORWARD 
COMP. 


O.1pF (CERAMIC DISC) 
INVERTING O 


O OUTPUT 


NON-INVERTING © O.1uF 


(CERAMIC DISC) 


Figure 6. General Purpose Connection Diagram 


NULLING THE AD518 


200k 


200k 


OTHER IC HIGH SPEED AMPLIFIERS AVAILABLE 


AD507 35MHz Gain Bandwidth 

Slew Rate of 25V/us min 

Bias Current of 15nA max 

Offset Voltage Drift of 154V/°C max 
AD509 Settles to 0.01% in lus 


Settles to 0.1% in 200ns 
Slew Rate of 100V/us min 


SANALOG 
a DEVICES 


FEATURES 

Low Cost 

Low Ip: 25pA max (K) 

Low Vos: 20mV max (K) 

Low Vos Drift: 25uV/°C max (K) 

High Differential Input Voltage 
Capability: +20V 


PRODUCT DESCRIPTION 

The AD540 is the lowest cost, high accuracy FET-input op 
amp available which provides the user with low bias currents, 
high overall performance, and accurately specified predictable 
operation. The device offers maximum bias currents as low as 
25pA, offset voltages below 20mV, maximum offset voltage 
drift below 25uV/ C and a minimum gain of 50,000. 


All devices are free from latchup and are short-circuit 
protected. No external compensation is required as the 
internal 6dB/octave roll-off provides stability in closed loop 
applications. 


The AD540 is suggested for all FET-input amplifier require- 
ments where low cost is of prime importance. Its performance 
is comparable to modular FET op amps, but its IC 
construction reduces the price significantly below that of 
modules. | 


All versions of the AD540 are supplied in the hermetically- 
sealed, 8-pin, TO-99 package. The AD540J and AD540K 
are specified for 0 to +70°C applications, while the AD540S 
is offered for operation over the full military temperature 
range of -55°C to +125°C. 


High Accuracy, Low Cost, 


FET-Input Operational Amplifier 


AD340 


AD540 FUNCTIONAL BLOCK DIAGRAM 


TO-99 
TOP VIEW 


PRODUCT HIGHLIGHTS 

1. The AD540 op amp meets specified input bias current and 
offset voltage values after full warm-up. Conventional high 
speed IC testing does not allow for self-heating of the chip 
due to internal power dissipation under operating 
conditions. 


2. The bias currents of the AD540 are specified as a maximum 
for either input. Conventional IC FET op amps generally 
specify bias currents as the average of the two input 
currents. 


3. Unlike many FET-input op amps, the AD540 allows a 
maximum differential input voltage of +20V dc. Standard 
“bootstrapped” FET-input op amps permit maximum 
differential input voltages of only about +3V. 


4. Offset nulling of the AD540 is accomplished without 
affecting the operating current of the FET’s and results 
in relatively small changes in temperature drift characteris- 
tics. The additional drift induced by nulling is only 
+2.0uV/°C per millivolt of nulled offset, compared to 
several times this for other IC FET op amps. 


5. The gain of the AD540 is measured with the offset 
voltage nulled. Nulling a FET-input op amp can cause the 
gain to decrease below its specified limit. The gain of the 
AD540 is fully guaranteed with the offset voltage both 
nulled and unnulled. 
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SPECIFICATIONS. (typical @ +25°C and Vg = £15V de unless sane specified) 


MODEL J 7 AD540J AD540K AD540S__ 
OPEN LOOPGAIN’ 
Vout = t10V, Ry, > 2kQ 20,000 min 50,000 min = 
TA = min to max 15,000 min 25,000 min a 
OUTPUT CHARACTERISTICS 
Voltage @ Ry, = 2k22, TA = min to max +10V min (+13V typ) ad . 
Voltage @ Ry, = 10kQ, TA = min to max +12V min (+14V typ) ‘ * 
Short Circuit Current 25mA * : 
FREQUENCY RESPONSE . 
Unity Gain, Small Signal 1.0MHz : . 
Full Power Response 100kHz : . 
Slew Rate, Unity Gain 6.0V/us 7 * 
INPUT OFFSET VOLTAGE? | 50mV max 20mV max Ee 
VS. Temperature 75UVICC max 25uv/°C max 50uV/°C max 
vs. Supply, TA = min to max 400uV/V max 300uUV/V max as 
INPUT BIAS CURRENT 
Either Input® 50pA max 25pA max ig 
INPUT IMPEDANCE . 
Differential 10! °Q||2pF * 
Common Mode 101? Q\|2pF : ? 
INPUT VOLTAGE RANGE 
Differential* 3 +20V * : 
Common Mode +10V min (+12V typ) : | = 
Common Mode Rejection, Vin = +10V 70dB min - : 
POWER SUPPLY 
Rated Performance +15V * " 
Operating +(5 to 18)V | : . 
Quiescent Current 7mA max (3mA typ) * . 
TEMPERATURE RANGE 
Operating, Rated Performance 0 to +70°C : -55°C to +125°C 
Storage ~65°C to +150°C y i 
PACKAGE OPTIONS:° TO-99 Style (HO8B) AD540JH AD540KH AD540SH 
NOTES: 
1 Open Loop Gain is specified with Vos both nulled and unnulled. “Defined as voltage between inputs, such that neither exceeds 
7 Input Offset Voltage specifications are guaranteed after 5 minutes +10V from ground. 


of operation at Ta = +25°C. 

3 Bias Current specifications are guaranteed after 5 minutes of 
operation at Ta = +25°C, For higher temperatures, the current 
doubles every 10°C, * Specifications same as AD540J. 
i ** Specifications same as AD540K. 


5 See Section 20 for package outline information. 


Specifications subject to change without notice. 


, +Vs 


Standard Offset Nulling Circuit 
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APPLYING THE AD540 
The AD540 is especially designed for low cost applications 


free air reading. Note that the use of the Model 209 heat sink 
reduces warmed-up bias current by 60% to 10pA in the 


involving the measurement of low level currents or small AD540K. 
voltages from high impedance sources in which bias current 

can be a primary source of error. Input bias current 

contributes to error in two ways: (1) in current measuring ale 


configurations the bias current limits the resolution of a 
current signal; (2) the bias current produces a voltage offset 
which is proportional to the value of input resistance (in the 
case of an inverting configuration) or source impedance (when 
the non-inverting ‘‘buffer’’ connection is used). The AD540 
FET-input operational amplifier is, therefore, of use where 
small currents are to be measured or where relatively low 
voltage drift is necessary despite large values of source 
resistance. 


APPLICATIONS CONSIDERATIONS 

BIAS CURRENTS. Most IC FET op amp manufacturers 
specify maximum bias currents as the value immediately after 
turn-on. Since FET bias currents double every 10°C and since 
most FET op amps have case temperature increases of 15°C to 
20°C above ambient, initial “maximum” readings may be only 
% of the true warmed-up value. Furthermore, most IC FET op 
amp manufacturers specify Ip as the average of both input 
currents, Sometimes resulting in twice the maximum bias 
current appearing at the input being used. The total result is 
that 8X the expected bias current may appear at either input 
terminal in a warmed-up operating unit. 


The AD540 specifies maximum bias current at either input 
after warm-up, thus giving the user the values he expected. 


IMPROVING BIAS CURRENT BEYOND GUARANTEED 
VALUES. Bias currents can be substantially reduced in the 
AD540 by decreasing the junction temperature of the devices. 
One technique to accomplish this is to reduce the operating 
supply voltage. This procedure will decrease the power 
dissipation of the device, which will in turn result in a lower 
junction temperature and lower bias currents. The supply 
voltage effect on bias current is shown in Figure 1. 


= £ 15V) 


NORMALIZED BIAS CURRENT 
“Bo Vs 


5 
SUPPLY VOLTAGE — + Vs— Volts 


Figure 1. Normalized Bias Current vs. Supply Voltage 


Operation of the AD540K at +5V reduces the warmed-up 
bias current by 70% to a typical value of 8pA. 


A second technique is the use of a suitable heat sink. 
Wakefield Engineering Series 200 heat sinks were selected to 
demonstrate this effect. The characteristic bias current vs. 
case temperature above ambient is shown in Figure 2. Bias 
current has been normalized with unity representing the 25°C 


NORMALIZED BIAS CURRENT 
(Lg. WITH NO HEAT SINK) 


CASE TEMPERATURE ABOVE 25°C-—°C V, ¢ 15V 


Figure 2. Normalized Bias Current vs. Case Temperature ° 


Both of these techniques may be used together for obtaining 
lower bias currents. Remember that loading the output can 
also affect the power dissipation. 


100 


INPUT BIAS CURRENT Ig -pA 


. 25 50 45 
AMBIENT TEMPERATURE Tp-°C 
Vg= + 15V 


Figure 3. Input Bias Current vs. Temperature 


BIAS CURRENT — pA 


Vom— Volts 


Figure 4. Bias Current vs. Common Mode Voltage 


INPUT CONSIDERATIONS. Unlike some FET-input 
operational amplifiers, the AD540 accommodates differential 
input voltages of up to +20V....without any degradation in 
bias current. In certain time-dependent applications, such as 
charge amplifiers and integrators, large differential input 
voltages temporarily occur which may exceed the rated value 
of a typical FET op amp (approximately +3V differential). 
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By utilizing un-bootstrapped FET’s at the inputs, the AD540 
assures the user of expected performance at large differential 
input voltages....without the use of protective diodes or 
resistors. 


OFFSET VOLTAGE DRIFT. Most commercially available 
IC FET op amps are nulled by adjusting the FET operating 
currents, causing the offset voltage temperature coefficients 
to vary 3 to 6uV/°C per millivolt of offset nulled. Thus a 
conventional FET op amp with 20mV initial offset, when 
nulled may display an additional offset drift of 60 to 
120uV/°C, in addition to its nulled value. 


The AD540 achieves nulling without disturbing the operating 
currents of the FET’s, thus allowing a substantial reduction in 
drift. Figure 5 graphically displays the offset drift perform- 
ance of the AD540, nulled and unnulled. As can be seen, 
nulling the device can result in either positive or negative 
offset drifts given by the slope AV,./AT. The nulled curves 
represent the maximum changes in drift, indicating perform- 
ance considerably better than many other IC FET op amps 
which null Vgg by varying the operating currents of the 
FET’s. 
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Figure 5. Vos vs. Temperature 


NOISE PERFORMANCE. The noise spectral density vs. 
frequency for the AD540 is given in Figure 6. The curve 
shows approximately 300nV//Hz at 10Hz, declining in a 

1/f fashion (1/f for power, 1//f for voltage) to approximately 
. 12nV//Hz at higher frequencies. 


Current noise in the AD540 is approximately 0.001 pA//Hz at 
low frequencies. Above 300Hz, the current noise generated 
by the op amp increases at a 3dB/octave rate, determined by 
WenCin, where ep = spectral noise density and Cjp = input 
capacitance. In most practical applications, the current noise 
from source or feedback resistors will be larger than the low 
frequency current noise from the amplifier. 


At high frequencies, the total circuit current noise is equal to 


Wwe,C; where C is the sum of all input and feedback capacitors. 


In well-shielded circuits, C is usually 10 to 100pF, so that the 
WwenC can be a significant factor. Thus the user should 
attempt to minimize C. 
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Figure 6. Noise Spectral Density vs. Frequency 


DYNAMIC PERFORMANCE. The AD540 is internally 
compensated to achieve a —3dB bandwidth of 1MHz (see 
Figure 7). At unity gain the full power bandwidth is 50kHz 
minimum, and typically 100kHz. Slew rates are 3 V/s mini- 
mum and 6V/us typical (see Figure 8 and Figure 9). 
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Figure 7. Small Signal Gain vs. Frequency 
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Figure 8. Voltage Follower Step Response 
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Figure 9. P-P Output vs. Frequency 
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FEATURES 

Low Bias Current: 25pA max, warmed-up 
(AD542K,L), 50pA max (AD542J) 

Low Offset Voltage: 0.5mV max (AD542L), 
1.0mV max (AD542K) 

Low Offset Voltage Drift: 5uV/°C max 
(AD542L), 10uV/°C max (AD542K) 
20uV/°C max (AD542J) 

Low Quiescent Current: 1.5mA max 

Low Price 


PRODUCT DESCRIPTION 

The AD542 is a precision, monolithic FET-input operational 
amplifier fabricated with the most advanced BIFET and 

laser trimming technologies. The AD542 offers bias currents 
significantly lower than currently available BIFET devices: 
25pA max, warmed-up for the AD542K and L, 50pA max for 
the AD542]J. In addition, the offset voltage is laser trimmed to 
less than 0.5mV on the AD542L and 1.0mV on the AD542K 
utilizing Analog’s exclusive laser-wafer-trimming (LWT) proc- 
ess. When combined with the AD542’s low offset voltage 
drift (SuV/°C max for “L”’, 10uV/°C max for ‘‘K’’), these 
features offer the user IC performance truly superior to exist- 
ing BIFET op amps — and at low, BIFET pricing. 


The key to BI-FET technology is the ion-implanted JFET. 
lon-implantation (as opposed to diffusion) permits the fab- 
rication of precision, matched JFETs on a monolithic bipolar 
chip. Analog Devices optimizes the BIFET process to produce 
bias currents lower than other popular BIFET op amps and 
specifies each device for the maximum value at either input in 
the fully warmed-up condition. Additional benefits of this op- 
timization include low voltage noise (2uV p-p, 0.1 — 10Hz), 
and low quiescent current. 


The AD542 is recommended for any operational amplifier 
application requiring excellent dc performance at low and 
moderate costs. Precision instrument front ends requiring 
accurate amplification of millivolt level signals from megohm 
source impedances will benefit from the device’s excellent 
combination of low offset voltage and drift, low bias current 
and low 1/f noise. High common mode rejection (80dB, min 
on the “K”’ and “L” versions) and high open-loop gain—even 
under heavy loading—ensures better than “12-bit” linearity 
in high impedance buffer applications. Additionally, band- 
width and slew rate are much increased over presently avail- 
able precision, bipolar op amps. 


The AD542 is available in three versions: the ‘‘J’’, ‘‘K”’ and 
“L”, all specified over the 0 to +70°C temperature range and 
one version, ‘‘S”’, over the -55°C to +125°C military oper- 
ating temperature range. All devices are packaged in the 
hermetically-sealed, TO-99 metal can. 


Precision Low Cost BIFET Op Amp 


AD542 FUNCTIONAL BLOCK DIAGRAM 


TO-99 
TOP VIEW 


PRODUCT HIGHLIGHTS 


1, 


Improved BIFET processing on the AD542 results in the 
lowest bias current available in a BIFET op amp. 


. Analog Devices, unlike some manufacturers, specifies each 


- device for the maximum bias current at either input in the 


warmed-up condition, thus assuring the user that the 
AD542 will meet its published specifications in actual use. 


. Laser-wafer-trimming reduces offset voltage to as low as 


0.5mV max (AD542L), thus eliminating the need for ex- 
ternal nulling in many situations. 


. If offset nulling is required, the additional offset voltage 


drift induced will be minimal. (Offset voltage drift can 
increase an additional 3uV/°C per mV of offset nulled.) 


. Low voltage noise (2uV, p-p), and low offset voltage drift 


enhance the AD542’s performance as a precision op amp. 


. The 1.5mA max quiescent current enables the device to be 


used in numerous portable applications where low battery 
drain is essential. This is achieved without sacrificing open 
loop gain or the ability to drive up to a 10mA load. 
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SPECIFICATIONS (typical @ +25°C and Vs = +15V dc unless otherwise specified) | 


MODEL , AD542J AD542K AD542L AD542SH (ADS42SH/883B)! 
OPEN LOOP GAIN? 
Vout = +10V, RL > 2kQ 100,000 min 250,000 min - = 
Ta = min to max 100,000 min 250,000 min ad '* 
OUTPUT CHARACTERISTICS 
Voltage @ Ry, = 2k{Q, Ta = min to max +10V min (+12V typ) i : . 
Voltage @ Ry = 10k2, Ta =mintomax +12V min (+13V typ) i id . 
Short Circuit Current 25mA x sd * 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 1.0MHz : * + 
Full Power Response 50kHz . * . 
Slew Rate, Unity Gain 3.0V/us = id : 
INPUT OFFSET VOLTAGE? 2.0mV max 1.0mV max 0.5mV max bali 
vs. Temperature 20uV/°C max 10uV/°C max 5uV/°C max 15uV/°C max 
vs. Supply, Ta = min to max 200uUV/V max 100uV/V max = ca 
INPUT BIAS CURRENT . 
Either Input* SOpA max 25pA max sais ies 
Input Offset Current SpA 2pA =e 7? 
INPUT IMPEDANCE 
Differential 10!2Q\|6pF : ' ; 
Common Mode 1012 Q\|6pF . : " 
INPUT VOLTAGE RANGE 
Differential® +20V : a : 
Common Mode +10V min (+12V typ) 7 ‘ i 
Common Mode Rejection, Vip = +10V 76dB min 80dB min bas sai 
POWER SUPPLY 
Rated Performance +15V ? 7 i 
Operating | +(5 to 18)V - : . 
Quiescent Current 1.5mA max . . 
VOLTAGE NOISE 
0.1-10Hz 2uV p-p 7 5 
10Hz 70nV// Hz re * : 
100Hz 45nV/A/Hz . * : 
1kHz 30nV//Hz - * si 
10kHz 25nV/\/ Hz ‘f : . 
TEMPERATURE RANGE : 
Operating, Rated Performance 0 to +70°C - ‘i -55 to+125 C 
Storage : -65 to +150°C : . 
PACKAGE OPTION:® TO-99 Style (HO8B) AD542JH AD542KH AD542LH AD542SH 
NOTES: 
' The AD542SH/883B is an AD542SH which is inspected and processed 5 Defined as voltage between inputs, such that neither exceeds 
to the requirements of MIL-STD-883, Level B. +10V from ground. 
? Open Loop Gain is specified with Vog both nulled and Ganuiled: ® See Section 20 for package outline information. 


3 Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at Ta = +25°C. 
‘ Bias Current specifications are guaranteed maximum at either *Specifications same as AD542). 
input after 5 minutes of operation at Ta = +25°C. For higher **Specifications same as AD542K. 
temperatures, the current doubles every 10°C. 
Specifications subject to change without notice, 
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Typical aan 


INPUT BIAS CURRENT — pA AMPLIFIER QUIESCENT CURRENT — mA INPUT VOLTAGE — #V 


OPEN LOOP GAIN — dB 


OUTPUT VOLTAGE SWING - tV 


SUPPLY VOLTAGE — tV : SUPPLY VOLTAGE — tV 
Figure 1, Input Voltage Range vs. Figure 2. Output Voltage Swing vs. 
Supply Voltage | Supply Voltage 


INPUT BIAS CURRENT — pA 


SUPPLY VOLTAGE — Volts POWER SUPPLY VOLTAGE —-tV 
Figure 4. Quiescent Current vs. Figure 5. Input Bias Current vs. 
Supply Voltage Supply Voltage 
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Figure 7. Input Bias Current vs. Figure 8, Input Offset Voltage Turn 
On Drift vs. Time ~ | 
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Figure 10, Open Loop Frequency Figure 11. Open Loop Voltage 
Response . Gain vs. Supply Voltage 
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LOAD RESISTANCE — 2 
Figure 3. Output Voltage Swing vs. 
Resistive Load 


INPUT BIAS CURRENT 


-55 -25 0 26 70 95 125 
TEMPERATURE — °C 


Figure 6. Input Bias Current vs. 
Temperature 


NORMALIZED OPEN LOOP GAIN 


TEMPERATURE — °C 
Figure 9. Open Loop Gain vs. 
Temperature 


Vs = £15V WITH 
1V p-p SINE WAVE 


POWER SUPPLY REJECTION — dB 


_ 10 100 tk 10k 100k 1M 10M 
FREQUENCY — Hz 


Figure 12. Power Supply Rejection 
vs. Frequency 
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CMRR - dB 


FREQUENCY -— Hz 


Figure 13. Common Mode Rejection 
vs. Frequency 


UNITY GAIN 
FOLLOWER 


TOTAL HARMONIC DISTORTION (T.H.D) — % 


FREQUENCY — Hz 


Figure 16. Total Harmonic Distortion 
vs. Frequency 


a. Unity Gain Follower 


£V pk-pk 


OUTPUT VOLTAGE — 


FREQUENCY - Hz 


Figure 14. Large Signal Frequency 
Response 
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Figure.17. Input Noise Voltage 
Spectral Density 


b. Follower with Gain = 10 


Figure 19, T.H.D. Test Circuits 


Figure 21a. Unity Gain Follower 
Pulse Response (Large Signal) 


Figure 22a, Unity Gain Inverter 
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Figure 21b. Unity Gain Follower 
Pulse Response (Small Signal) 


Figure 22b, Unity Gain Inverter 
Pulse Response (Large Signal) 


OUTPUT VOLTAGE SWING FROM OV - VOLTS 


OUTPUT SETTLING TIME — us 
Figure 15. Output Settling Time vs. 
Output Swing and Error (Circuit of 
Figure 23) 
(WHEREVER JOHNSON NOISE 1S GREATER THAN 


AMPLIFIER NOISE, AMPLIFIER NOISE CAN BE 
CONSIDERED NEGLIGIBLE FOR APPLICATION) 


Hz W 
RESISTOR JOHNSON NOISE > 
AS) 


INPUT NOISE VOLTAGE — uV p-p 


0.1 
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SOURCE IMPEDANCE —- 2 
Figure 18. Total Noise vs. Source 
Resistance 


a. Standard Null Circuit b. Null to +VS 


Figure 20. Offset Voltage Null Circuits 


Figure 21c, Unity Gain Follower 


Figure 22c. Unity Gain Inverter 
Pulse Response (Small Signal) 


SCOPE PROBE, 20pF OR LESS Scop 
IMV/ 


VERROR = 


E VERTICAL 
DIV 


Vin - Vout 
eet 


Y, 0.01uF © 


-15V +15V SCOPE VERTICAL 


INPUT REFERENCE 
Figure 23, Settling Time Test Circuit 


Fast settling time (8uUs to 0.01% for 20V p-p step), low power 
and low offset voltage make the AD542 an excellent choice 
for use as an output amplifier for current output D/A con- 
verters such as the AD7541. 


Verror IMV/DIV 


INPUT 10V/DIV 


Figure 24, Settling Characteristic Detail 


The upper trace of the oscilloscope photograph of Figure 23 
shows the settling characteristic of the AD542. The lower 
trace represents the input to Figure 22. The AD542 has been 
designed for fast settling to 0.01%, however, feedback com- 
ponents, circuit layout and circuit design must be carefully 
considered to obtain optimum settling time. 


O.1pF 


Figure 25. 0.1Hz to 10Hz Band Pass Filter 


The low frequency (1/f) noise has a power spectrum that is 
inversely proportional to frequency. Typically this noise is 
not important above 10Hz, but it can be important for low 
frequency-high gain applications. 


The low noise characteristics of the AD542 make it ideal for 
1/f noise testing circuits. The circuit of Figure 24 is 0.1Hz to 
10Hz band pass filter with second order filter characteristics. 


The output impedance of a CMOS DAC varies with the digital 
word thus changing the noise of the amplifier circuit. This 

_ effect will cause a nonlinearity whose magnitude is dependent 
on the offset voltage of the amplifier. The AD542K with trim- 
med offset will minimize the effect. The Schottky protection 
diodes recommended for use with many older CMOS DACs 
are not required when using the AD542. 


BIPOLAR 
ANALOG INPUT 
+10V 


BIPOLAR 
OFFSET 


NOTES: 
1. R3/R4 MATCH 0.05% OR BETTER. 
2. R1, R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED 


Figure 26a. AD542 Used as DAC Output Amplifier 


Figure 26a illustrates the AD7541 12-bit digital-to-analog 
converter, connected for bipolar operation. Since the digital 
input can accept bipolar numbers and VRreEF can accept a bi- 
polar analog input, the circuit can perform a 4-quadrant 
multiplication. 


10V 5V Sus 


Vrer IN, 20V P-P, 33kHz 


10V/DIV VERT, 
Sus/DIV HORIZ. 


Vout. 


5V/DIV VERT 
5us/DIV HORIZ. 


SETTLING TIME: 10us TO 
0.01% ON 20V STEP 


Figure 26b. Voltage Output DAC Settling Characteristic 


The photo above shows the output of the circuit of Figure 
26a. The upper trace represents the reference input, and the 
bottom trace shows the output voltage for a digital input of 
all ones on the DAC, The 47pF capacitor across the feedback 
resistor compensates for the DAC output capacitance, and the 
150pF load capacitor serves to minimize output glitches. 


. Low amplifiers or log ratio amplifiers are useful in applications 


requiring compression of wide-range analog input data, linear- 
ization of transducers having exponential outputs, and analog 
computing, ranging from simple translation of natural rela- 
tionships in log form (e.g., computing absorbance as the log- 
ratio of input currents), to the use of logarithms in facilitating 
analog computation of terms involving arbitrary exponents 
and multi-term products and ratios. 


The picoamp level input current and low offset voltage of the 
AD542 make it suitable for wide dynamic range log ampli- 
fiers. Figure 22 is a schematic of a log ratio circuit employing 
the AD542 that can achieve less than 1% conformance error 
over 5 decades of current input, 1nA to 100uA. For voltage 
inputs, the dynamic range is typically 50mV to 10V for 1% 
error, limited on the low end by the amplifiers’ input offset 
voltage. 
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Vout = -1V LOG I1/l2 
OR -1V LOG19 V1 /V 2 
R1 


MP318 Q1 


1k 
Rtc TEL LABS 
+3500ppm Q81 


‘ CIRCUIT SHOWN FOR NEGATIVE V OR In. 
-15V , FOR POSITIVE INPUTS, Q1 = PNP, AND Va =-15V. 


Figure 27. Log-Ratio Amplifier 


The conversion between current (or voltage) input and log 
output is accomplished by the base emitter junctions of the 
dual transistor Q1. Assuming Q1 has 8 >100, which is the case 
for the specified transistor, the base-emitter voltage on side 1 
is to a close approximation: 


VeE A = kT/qIn 14/154 


This circuit is arranged to take the difference of the VBE ’s of 
Q1A and Q1B, thus producing an output voltage proportional 
to the log of the ratio of the inputs: 


a Kk 
Vout = -K (VBE A ~ VBE B) =- spn 11 /Igy —In I2/Is2) 
Vout =-K kT/q In I, /I2 


The scaling constant, K is set by R1 and R7c to about 16, 

to produce 1V change in output voltage per decade difference 
in input signals. Ryc is a special resistor with a +3 500ppm/°C 
temperature coefficient, which makes K inversely proportional 
to temperature, compensating for the “T” in kT/q. The log- 
ratio transfer characteristic is therefore independent of tem- 
perature. 


This particular log ratio circuit is free from the dynamic prob- 
lems that plague many other log circuits. The -3dB bandwidth 
is 50kHz over the top 3 decades, 100nA to 100uA, and de- - 
creases smoothly at lower input levels. This circuit needs no 
additional frequency compensation for stable operation from 
input current sources, such as photodiodes, that may have 
100pF of shunt capacitance. For larger input capacitances a 
20pF integration capacitor around each amplifier will provide. 
a smoother frequency response. 


This log ratio amplifier can be readily adjusted for optimum 
accuracy by following this simple procedure. First, apply V1 = 
V2 = -10.00V and adjust “Balance” for Vout = 0.00V. Next 
apply V1 = -10.00V, V2 = -1.00V and adjust gain for Vout = 
+1.00V. Repeat this procedure until gain and balance readings 
are within 2mV of ideal values. 


The low input bias current (35pA) and low noise character- 
istics of the AD542 make it suitable for electrometer appli- 
cations such as photo diode preamplifiers and picoampere 
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current-to-voltage converters. The use of guarding techniques 
in printed circuit board layout and construction is critical 
for achieving the ultimate in low leakage performance that 
the AD542 can deliver. The input guarding scheme shown in 
Figure 28 will minimize leakage as much as possible; the 
guard ring should be applied to both sides of the board. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should 
not be extended for any unnecessary length on a printed 
circuit; to minimize noise and leakage, they must be carried 
in rigid shielded cables. 


INPUTS 


GUARD SAME PATTERN SHOULD BE 


LAID OUT ON BOTH SIDES 
OF P.C. BOARD 


6 
°o.Q 
1 A) 7 V+ 


(BOTTOM VIEW) 


Figure 28. Board Layout for Guarding Inputs with TO-99 
Package 


INPUT PROTECTION 

The AD542 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design 
also allows differential input voltages of up to +0.5 volts while 
maintaining the full differential input resistance of 10122, 
This makes the AD542 suitable for low speed voltage com- 
parators directly connected to a high impedance source. 


Many instrumentation situations, such as flame detectors in 
gas chromatographs, involve measurement of low level cur- 
rents from high-voltage sources, In such applications, a sensor 
fault condition may apply a very high potential to the input 
of the current-to-voltage converting amplifier. This possibility 
necessitates some form of input protection. Many electro- 
meter type devices, especially CMOS designs, can require 
elaborate zener protection schemes which often compromise 
overall performance. The AD542 requires input protection 
only if the source is not current-limited, and as such is similar 
to many JFET-input designs. The failure mode would be over- 
heating from excess current rather than voltage breakdown. 
If the source is not current-limited, all that is required is a 
resistor in series with the affected input terminal so that the 
maximum overload current is 1.0mA (for example, 100kQ2 
for a 100 volt overload). This simple scheme will cause no 
significant reduction in performance and give complete over- 
load protection. Figure 29 shows proper connections. 


SOURCE 


Rp TYPICALLY 100k2 TO IM2 


| eae eet vi Rp = a FOR TRANSIENTS LESS THAN 1 SECOND 
lp 


Rp= oe ZOR CONTINUOUS OVERLOADS 


Figure 29. AD542 Input Protection 


ANALOG High Speed 
DEVICES Implanted FET-Input Op Amp 


FEATURES 

Low Bias Current: 25pA max, warmed-up 

Low Offset Voltage: 500uV max AD544 FUNCTIONAL BLOCK DIAGRAM 
Low Offset Voltage Drift: 5uV/°C max 

Low Input Voltage Noise: 2uV p-p 186 


Low Quiescent Current: 2.5mA max 
High Slew Rate: 13V/ys 

Fast Settling to +0.01%: 3us 

Low Total Harmonic Distortion: Ue at 1kHz INVERTING (3) - (6) output 


NONINVERTING 
INPUT (3) 


V-(CASE) 
TO-99 
TOP VIEW 

PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 
The AD544 is a high speed monolithic FET-input operational 1. Improved bipolar and JFET processing on the AD544 
amplifier fabricated with the most advanced bipolar, JFET and results in the lowest bias current available in a high speed 
laser trimming technologies. The AD544 offers bias currents monolithic FET op amp. 
significantly lower than currently available monolithic FET- 2. Analog Devices, unlike some manufacturers, specifies each 
input devices: 25pA max, warmed-up for the AD544K and L, device for the maximum bias current at either input in the 
SOpA max for the AD544J. In addition, the offset voltage is warmed-up condition, thus assuring the user that the 
laser trimmed to less than 0.5mV on the AD544L and 1.0mV AD544 will meet its published specifications in actual use. 


on the AD544K utilizing Analog’s laser-wafer-trimming (LWT) 
process. When combined with the AD544’s low offset voltage 
drift (SuV/°C max for “L”, 10uV/°C max for “K”’), these 
features offer the user IC performance truly superior to exist- 
ing FET-input op amps—and at low, monolithic pricing. 4. If offset nulling is required, the additional offset voltage 


The k ae ced f lithic TFET= drift induced will be minimal. (In some devices, offset 
ee a pa 2 dee enna ee neue a aed Gelae y voltage drift can increase an additional 3uV/°C per mV 
amps is the ion-implanted JFET. Ion-implantation (as opposed oPotteet mulled) 


to diffusion) permits the fabrication of precision, matched 5 
JFET’s on a monolithic bipolar chip. Analog Devices optimizes 
the process to produce bias currents lower than other popular 


3. Laser-wafer-trimming reduces offset voltage to as low as 
0.5mV max (AD544L), thus eliminating the need for ex- 
ternal nulling in many situations. 


. Low voltage noise (2uV, p-p), and low offset voltage drift 
(5uV/°C) enhance the AD544’s performance as a precision 


oa op amp. 
FET-nput op amps and specifies each device for the maximum ¥ 
value at either input in the fully warmed-up condition. Addi- 6. The high slew rate (13.0V/us) and fast settling time to 
tional benefits of this optimization include low voltage noise 0.01% (3.0us) make the AD544 ideal for D/A, A/D, sample- 
(2uV p-p, 0.1—10Hz), and low quiescent current. hold circuits and high speed integrators. 
The AD544 is recommended for any operational amplifier 7. Low harmonic distortion (0.0015%) makes the AD544 an 
application requiring excellent ac and dc performance at low ideal choice for audio applications. 


cost. The 2MHz bandwidth and low offset of the AD544 make 
it an excellent choice as an output amplifier for current out- 
put D/A Converters such as the AD7541, 12-Bit CMOS DAC. 
High common mode rejection (80dB, min on the ‘‘K”’ 

and ‘‘L” versions) and open-loop gain ensures better than 
“12-bit” linearity in high impedance buffer applications. 

The AD544 is available in four versions: the “J”, “K” and 
“L” are specified over the 0 to +70°C temperature range and 
the “S” over the -55°C to +125°C operating temperature 


range. All devices are packaged in the hermetically-sealed, 
TO-99 metal can. 
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SPECIFICATIONS (typical @ +25°C and Vs = £15V de uileas otherwise specified) 


MODEL . AD544J AD544K AD544L AD544S (AD544SH/883B)! 
OPEN LOOP GAIN . / 
Vout = $10V, Ry 2 2kQ 30,000 min 50,000 min “ ae 
Ta = min to max Ry = 2kQQ. 20,000 min 40,000 min ae * 
OUTPUT CHARACTERISTICS 
Voltage @ Ry = 2k2, Ta = min to max +10V min (+12V typ) - 2 
Voltage @ Ry = 10k22, Ta = mintomax +12V min (+13V typ) : . 
Short Circuit Current 25mA 7 - . 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 2.0MHz = . * 
Full Power Response 200kHz : . * 
Slew Rate, Unity Gain 13.0V/us (8.0V/us min) ‘ * * 
Total Harmonic Distortion, f = 1kHz 0.0025% : * * 
INPUT OFFSET VOLTAGE? 2.0mV max 1.0mV max 0.5mV max ae 
vs. Temperature 20nV/°C max 10uV/ C max 5uV/ C max 15uVv/ C max 
vs. Supply, Ta = min to max 200uV/V max 100uV/V max +t . shi 
INPUT BIAS CURRENT 
Either Input* | 50pA max (10 typ) 25pA max (10 typ) is 7 
Input Offset Current 5pA 2pA ra ve 
INPUT IMPEDANCE 
Differential 1012Q\|6pF : . . 
Common Mode 10122)||3pF . . : 
INPUT VOLTAGE RANGE : , 
Differential® +20V a i 
Common Mode +10V min (+12V typ) * : * 
Common Mode Rejection, .Vin = +10V 74dB min 80dB min © =* ee 
POWER SUPPLY 
Rated Performance +15V 7 i 
Operating +(5 to 18)V : ‘ ‘ 
Quiescent Current 2.5mA max (1.8mA typ) i ' 
VOLTAGE NOISE 
0.1-10Hz 2uV p-p . : ‘ 
10Hz 35nV//Hz : . 
100Hz 22nV/A/Hz is . . 
1kHz 18nV//Hz : . : 
10kHz 16nV//Hz : m ‘ 
TEMPERATURE RANGE ‘ . A 
Operating, Rated Performance Oto+70C 5s . -55 Cto +125 C 
Storage -65°C to +150°C ‘ : 
PACKAGING OPTIONS! : 
TO-99 Style (HO8B) AD544JH AD544KH AD544LH AD544SH 
NOTES 
* The AD544S/883 is an AD544S which is inspected and processed 5 Defined as voltage between inputs, such that neither exceeds +10V 
to the full requirements of MIL-STD-883, Level B. A complete from ground. 


listing of the tests is available on request. 


- § See Section 20 for package outline information. 
Open Loop Gain is specified with Vog both nulled and unnulled. 


* Input Offset Voltage specifications are guaranteed after 5 minutes *Specifications same as AD544J. 
of operation at Ta = +25°C. **Specifications same as AD544K. 

“ Bias Current specifications are guaranteed maximum at either input Dae » : : 
after 5 minutes of operation at Ta = +25°C. For higher temperatures, Specifications subject to change without notice. 


the current doubles every 10°C. 
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Typical Characteristics 


INPUT VOLTAGE — tV 
OUTPUT VOLTAGE SWING — tV 


SUPPLY VOLTAGE — +V 
Figure 2, Output Voltage Swing vs. 
Supply Voltage 
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SUPPLY VOLTAGE — +V 
Figure 1. Input Voltage Range vs. 
Supply Voltage 
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Figure 10. Open Loop Voltage 
Gain vs. Supply Voltage 
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Figure 11. Power Supply Rejection 
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Figure 3. Output Voltage Swing vs. 
Resistive Load 
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Figure 6. Input Bias Current vs. CMV 
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Figure 9. Open Loop Frequency 


Response 
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Figure 12. Common Mode Rejection 
Ratio vs. Frequency 
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Figure 13. Large Signal Frequency Figure 14. Output Settling Time vs. Output Figure 15. Noise Spectral Density 
Response Swing and Error (Circuit of Figure 23a) 
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a. Unity Gain Follower b. Follower with Gain = 10 
Figure 19. T.H.D. Test Circuits 


Figure 21a. Unity Gain Follower Figure 21b. Unity Gain Follower Figure 21c. Unity Gain Follower 
Pulse Response (Large Signal) Pulse Response (Small Signal) 


Figure 22a. Unity Gain Inverter Figure 22b. Unity Gain Inverter Figure 22c. Unity Gain Inverter 
Pulse Response (Large Signal) Pulse Response (Small Signal) 
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SCOPE PROBE, 20pF OR LESS 


SCOPE VERTICAL 
IMV/DIV 


Vin - Vi 
Vernon = —S5—Oet out 


y, 0.01pF © 


-15V +15V SCOPE VERTICAL 


t INPUT REFERENCE 


Figure 23a. Settling Time Test Circuit 


Verror, ImV/DIV 


Vin = 10V/DIV 


Figure 23b. Settling Characteristic Detail 


The fast settling time (3.0us to 0.01% for 20V p-p step) and 
low offset voltage make the AD544 an excellent choice as an 
output amplifier for current output D/A converters such as 

the AD7541. The upper trace of the oscilloscope photograph 
of Figure 23b shows the settling characteristics of the AD544. 
The lower trace represents the input to Figure 23a. The AD544 
has been designed for fast settling to 0.01%, however, feedback 
components, circuit layout and circuit design must be carefully 
considered to obtain the optimum settling time. 


4.99k2 


OUTPUT 


TYPICAL CAPACITANCE 
LIMIT FOR VARIOUS + 
LOAD RESISTORS -Vs 


Ry C, UP TO 


242 => 
10kQ — 
20k2. = 


Transient Response R= 2kQ. Cy = 500pF 


The circuit in Figure 24 employs a 100 isolation resistor 
which enables the amplifier to drive capacitive loads ex- 
ceeding 5OOpF; the resistor effectively isolates the high fre- 
quency feedback from the load and stabilizes the circuit. Low 
frequency feedback is returned to the amplifier summing 


junction via the low pass filter formed by the 1002 series 
resistor and the load capacitance, C;. 


The low input bias current (35pA), low noise, high slew rate 
and high bandwidth characteristics of the AD544 make it 
suitable for electrometer applications such as photodiode 
preamplifiers and picoampere current-to-voltage converters. 
The use of guarding techniques in printed circuit board 
layout and construction is critical for achieving the ultimate in 
low leakage performance that the AD544 can deliver. The in- 
put guarding scheme shown in Figure 25 will minimize leakage 
as much as possible. ‘he same layout should be used on both 
sides of a double side board. The guard ring is connected to 
a low impedance potential at the same level as the inputs. High 
impedance signal lines should not be extended for any unneces- 
sary length on a printed circuit; to minimize noise and leakage, 
such conductors should be replaced by rigid shielded cables. 
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REARD SAME PATTERN SHOULD BE _ 


LAID OUT ON BOTH SIDES 
OF P.C. BOARD 


Figure 25, Board Layout for Guarding Inputs with 
TO-99 Package 


INPUT PROTECTION 

The AD544 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design 
also allows differential input voltages of up to +1 volt while 
maintaining the full differential input resistance of 10'722. 
This makes the AD544 suitable for comparator situations 
employing a direct connection to high impedance source. 


Many instrumentation situations, such as flame detectors in 
gas chromatographs, involve measurement of low level currents 
from high-voltage sources. In such applications, a sensor fault 
condition may apply a very high potential to the input of the 
current-to-voltage converting amplifier. This possibility neces- 
sitates some form of input protection. Many electrometer type 
devices, especially CMOS designs, can require elaborate zener 
protection schemes which often compromise overall perfor- 
mance. The AD544 requires input protection only if the source 
is not current-limited, and as such is similar to many JFET- 
input designs. The failure mode would be overheating from 
excess current rather than voltage breakdown. If the source is 
not current-limited, all that is required is a resistor in series 
with the affected input terminal so that the maximum over- 
load current is 1.0mA (for example, 100kQ2 for a 100 volt 
overload). This simple scheme will cause no significant reduc- 
tion in performance and give complete overload protection. 
Figure 26 shows proper connections. 
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Figure 26. AD544 Input Protection 
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BIPOLAR 
ANALOG INPUT 
+10V 


R7 1MQ2 


10k NOTES: 
1, R3/R4 MATCH 0.05% OR BETTER. 

2. R1, R2 USED ONLY IF GAIN j 
ADJUSTMENT IS REQUIRED v- 


Figure 27c. Small Signal Response 
Figure 27a illustrates the 10-bit digital-to-analog converter, 
AD7533, connected for bipolar operation. Since the digital in- 
put can accept bipolar numbers and VpgF can accept a bipolar 
analog input, the circuit can perform a 4-quadrant multiplying 
function. The photos exhibit the response to a step input at 
VreEF: Figure 27b is the large signal response and Figure 27c 
is the small signal response. 
The output impedance of a CMOS DAC varies with the digital 
word thus changing the noise gain of the amplifier circuit. The 
effect will cause a nonlinearity the magnitude of which is 
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dependent on the offset voltage of the amplifier. The AD544K 
with trimmed offset will minimize the effect. The Schottky 
protection diodes recommended for use with many older 
CMOS DACs are not required when using the AD544. 


ACTIVE FILTERS 
Literature on active filter techniques and characteristics based 
on operational amplifiers is readily available. The successful 
application of an active filter however, depends on the compo- 
nent selection to achieve the desired performance. The AD544 
is recommended for filters in medical, instrumentation, data 
acquisition and audio applications, because of its high gain 
bandwidth figure, symmetrical slewing, low noise, and low 
offset voltage. 

The state variable filter (Figure 28) is stable, easily tuned and 
is independent of circuit Q and gain. The use of the AD544 
with its low input bias current simplifies the resistor (R3, R4) 
selection for the passband center frequency, circuit Q and 
voltage gain. 


R2 10M2 


R4 1.5MQ 


Qo, IS ADJUSTABLE BY VARYING R2 
fo, IS ADJUSTABLE BY VARYING R ORC 


fo = CENTER FREQUENCY = 1/2 7 Rc 
R,+R 
Q, = QUALITY FACTOR = aR 2 
o 1 . 


Ho = GAIN AT RESONANCE = R2/Ry 
R3 =Rg = 108/f, 


Figure 28. Band Pass State Variable Filter 
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SAMPLE/HOLD COMMAND © 


Figure 29. Sample and Hold Circuit 


The sample and hold circuit, shown in Figure 29 is suitable for 
use with 8-bit A/D converters. The acquisition time using a 
3900pF capacitor and fast CMOS SPST (ADG200) switch is 
15ys. 

The droop rate is very low 25 X 10°? V/us due to the low 
input bias currents of the AD544. Care should be taken to 
minimize leakage paths. Leakages around the hold capacitor 
will increase the droop rate and degrade performance. 


ANALOG 
DEVICES 


Precision, Low Drift 
FET-Input Op Amp 


FEATURES 

Low Offset Voltage: 0.5mV max (AD545L), 
0.25mV max (AD545M) 

Low Offset Voltage Drift: 5uV/°C max (AD545L), 
3uV/°C max (AD545M) 

Low Power: 1.5mA max 

Low Bias Current: 1pA max (AD545K, L, M) 

Low Noise: 3uV p-p, 0.1 to 10Hz 

Low Cost 


PRODUCT DESCRIPTION 

The AD545 is a precision FET-input operational amplifier with 
overall performance far superior to the general purpose IC 
FET-input op amp. The device is fabricated using a low leakage 
FET paired with a low power op amp. Bias current is specified 
as 2pA max for the AD545J and 1pA max for the AD545K, 

L and M. Offset voltage is laser trimmed to 0.5mV max for the 
AD545L, 0.25mV max for the AD545M. All devices also 
feature low voltage noise and power consumption. The AD545 
is internally compensated, short circuit protected and free of 
latch-up. 


The AD545 series offers a broad combination of performance 
features previously unavailable from a single device. For pre- 
cision applications the AD545M specifies a 0.25mV max offset 
voltage, 3uV/°C max drift and 1pA max bias current. The 
AD545J, with a lmV max offset voltage, 25uV/°C max drift 
and 2pA max bias current, is the best price performance choice. 


These devices are recommended for a variety of general 
purpose and precision applications requiring low bias currents 
and high input impedance such as pH/plon sensitive electrodes, 
photo-current detectors, biological microprobes, long term 
precision integrators and vacuum iongauge measurements. The 
versatility of the AD545 is further enhanced by its excellent 
low frequency noise (3yuV p-p, 0.1 to 10Hz) and low power 
consumption (1.5mA max) for portable applications. 


As with previous electrometer amplifier designs from Analog 
Devices, the case is guarded thus minimizing stray leakage. 
This feature will also shield the input circuitry from external 
noise and supply transients, as well as reducing common mode 
input capacitance from 0.8pF to 0.2pF. 


The AD545 is available in four versions of bias current and 
offset voltage, the “J”, “K”, “L”, and “M”’. All are specified 
from 0 to +70°C and supplied in a hermetically sealed TO-99 


package. 


AD545 FUNCTIONAL BLOCK DIAGRAM 


GUARD PIN (CONNECTED TO CASE) 
TAB 


> 


NONINVERTING 
INPUT Q 


INVERTING 
INPUT 


TO-99 
TOP VIEW 


PRODUCT HIGHLIGHTS 
1; 


The offset voltage on the AD545 is laser trimmed to a level 
typically less than 250uV. Offset voltage drift is signifi- 
cantly lower than previously available FET-input devices 
(3uV/°C max for the AD545M). If additional external 
nulling is desired, the effect on drift is minimal (approxi- 
mately 3uV/°C per millivolt, nulled). 


. Bias current is specified as the maximum measured at either 


input with the device fully warmed up on #15V supplies 
at +25°C ambient. 


. The low quiescent current drain of 0.8mA typical, and 


1.5mA max, is among the lowest of any IC op amp and 
keeps self heating to a minimum. 


. The combination of low input noise voltage and very low 


input noise current is such that for source impedances from 
much over one megohm up to 10"! ohm, the Johnson noise 
of the source will easily dominate the noise characteristics. 
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SPECIFICATIONS (typical @ +25°C with Vs = +15V dc, unless otherwise specified) 


MODEL 


AD545J AD545K AD545L AD5S45M 


OPEN LOOP GAIN! 
Vout = t10V, Ry 2 2kQ2 


20,000V/V min 40,000V/V min 40,000V/V min 40,000V/V min 


Ry > 10kQ 40,000V/V min 50,000V/V min 50,000V/V min 50,000V/V min 
Ta = min to max Ry 2 2kQ 15,000V/V min 25,000V/V min 40,000V/V min 40,000V/V min 

OUTPUT CHARACTERISTICS 

Voltage @ Ry = 2kQ{2, Ta = min to max +10V min (+12V typ) . ‘i . 

@ R, = 10k2,Ta =mintomax +12V min (£13V typ) ‘s bi . 
Load Capacitance” SOOpF . . : 
Short Circuit Current 10mA min (25mA typ) . hs * 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 700kHz rs 7 x 
Full Power Response 5kHz min (16kHz typ) - s = 
Slew Rate Inverting Unity Gain 0.3V/us min (1.0V/ps typ) . * . 

Overload Recovery Inverting Unity Gain 100us max (16s typ) . * - 

INPUT OFFSET VOLTAGE? 1.0mV max 1.0mV max 0.5mV max 0.25mV max 
vs. Temperature, Ta = min to max 25uV/°C max 15uv/°C max 5uvi°c max 3uV/°C max 
vs. Supply, Ta = min to max 400uV/V max (SOuV/V typ) 200uV/V max 200uV/V max 200uUV/V max 

INPUT BIAS CURRENT 
Either Input* 2pA max lpA max 1pA max 1pA max 

INPUT IMPEDANCE 
Differential 1.6pF]|10'72 4 . 

Common Mode 0.8pFI[10'5Q id id 
INPUT NOISE 
Voltage, 0.1Hz to 10Hz 3.0uV (p-p) * * Suv (p-p) max 
f = 10Hz 55nVA/Hz . - * 
f = 100Hz 45nV/A/Hz - . * 
f = 1kHz 35nV/A/Hz . sd > 
Current, 0.1 to 10Hz 0.01pA (p-p) 7 * 4 
10Hz to 10kHz 0.03pA rms : 4 - 

INPUT VOLTAGE RANGE 
Differential +20V min * - 1d 
Common Mode, Ta = min to max +10V min (+12V typ) . Bs : 

Common Mode Rejection, Vij = +10V 66dB min (80dB typ) 70dB min 76dB min 76dB min 
Maximum Safe Input Voltages® Vg 7 s if 

POWER SUPPLY 
Rated Performance +15V typ 7 ° 
Operating +5V min (+18V max) * * 

Quiescent Current 1.5mA max (0.8mA typ) i * J 

TEMPERATURE 
Operating, Rated Performance 0 to +70°C 3 . > . 

Storage ~65°C to +150°C ‘ ss | ‘ 

PACKAGE OPTION® 

TO-99 Style (HO8B) AD545JH AD545KH AD545LH AD545MH 


*Specificatians same as AD545)J. 


NOTES 


1 Open Loop Gain is specified with or without nulling of Vog. 

7 A conservative design would not exceed 500pF of load capacitance. 

3 Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta = +25°C. 

“ Bias Current specifications are guaranteed after 5 minutes of operation at Ta = +25°C. For higher 
temperatures, the current doubles every +10°C. 

SIf it is possible for the input voltage to exceed the supply voltage, a series protection resistor should 
be added to limit input current to 0.5mA. The input devices can handle overload currents of 0.5mA 
.indefinitely without damage. 

6 See Section 20 for package outline information. 

Specifications subject to change without notice. 


Standard Offset Null Circuit 
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LAYOUT AND CONNECTION CONSIDERATIONS 

The design of very high impedance measurement systems intro- 
duces a new level of problems associated with the reduction of 
leakage paths and noise pickup. . 


1. A primary consideration in high impedance system designs 
is to attempt to place the measuring device as near to the 
signal source as possible. This will minimize current leakage 
paths, noise pickup and capacitive loading. 


2. The use of guarding techniques is essential to realizing the 
capability of the low input currents of the AD545. Guarding 
is achieved by applying a low impedance bootstrap poten- 
tial to the outside of the insulation material surrounding the 
high impedance signal line. This bootstrap potential is held 
at the same level as that of the high impedance line; there- 
fore, there is no voltage drop across the insulation, and 
hence, no leakage. The guard will also act as a shield to 
reduce noise pickup and serves the additional function of 
reducing the effective capacitance to the input line. The 
case of the AD545 is brought out separately to pin 8 so 
that it can also be connected to the guard potential. This 
technique virtually eliminates potential leakage paths across 
the package insulation, provides a noise shield for the sensi- 
tive circuitry, and reduces common-mode input capacitance 
to about 0.2pF. Figure 10 shows a proper printed circuit 
board layout for input guarding and connecting the case 
guard. Figures 2 and 3 show guarding connections for typi- 
cal inverting and non-inverting applications. If pin 8 is not 
used for guarding, it should be connected to ground or one 
of the amplifier’s power supplies to reduce noise. 


3. Printed circuit board layout and construction is critical in 
achieving low leakage performance. The best performance 
will be realized by using a teflon IC socket for the AD545 
but at least a teflon stand-off should be used for the high- 
impedance lead. If this is not feasible, the input guarding 
scheme shown in Figure 10 will minimize leakage as much 
as possible and should be applied to both sides of the board. 
The guard ring is connected to a low impedance potential at 


10pF 


oe ow a ow oe 


Figure 1. Picoampere Current-to-Voltage Converter 
Inverting Configuration 


the same level as the inputs. High impedance signal lines 
should not be extended for any unnecessary length on a 
printed circuit; to minimize noise and leakage, they must be 
carried in rigid, shielded cables. 


APPLICATION NOTES 

The AD545 offers one of the lowest input bias currents availa- 
ble in an integrated circuit package. Performing accurate 
measurements with this device requires careful attention to 
detail; the notes given here will aid the user in realizing the full 
measurement potential of the AD545 and extending its per- 
formance limits. 


1. As with all junction FET input devices, the temperature of 
the FET’s themselves is all-important in determining the in- 
put bias currents. Over the operating temperature range, the 
input bias currents closely follow a characteristic of doubling 
every 10°C; therefore, every effort should be made to mini- 
mize device operating temperature 


2. The heat dissipation can be reduced initially by careful in- 
vestigation of the application. First, if possible, reduce the 
required power supplies, since internal power consumption 
contributes the largest component of self-heating. The ef- 
fects of this are shown in Figure 7, which shows typical in- 
put bias current and quiescent current versus supply voltage. 


3. Output loading effects, which are normally ignored, can 
cause a significant increase in chip temperature and there- 
fore bias current. For example, a 2kQ2 load driven at 10 volts 
at the output will cause at least an additional 25 milliwatts 
dissipation in the output stage (and some in other stages) 
over the typical 24 milliwatts, thereby at least doubling the 
effects of self-heating. The results of this form of additional 
power dissipation are demonstrated in Figure 9, which 
shows normalized input bias current versus additional power 
dissipated (it doubles every 10°C); we recommend restricting 
the load impedance to be at least 10k22. 


Re 
= +— 
Eo= Vs (1+ 5F) 


Zin = 10'S Q110.2pF 


OPTIONAL CONNECTION FOR 
GUARDING CABLE (SEE TEXT) Rs 


Figure 2. Very High Impedance Non-Inverting Amplifier 
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Typical Performance Curves 
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Figure 3. PSRR and CMRR Versus Frequency Figure 4. Input Common Mode Range Versus Supply Voltage 
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Figure 5. Open Loop Frequency Response Impedance and Bandwidth 


ica ol = Oise (VF) anf 
Vout = 0,1 
UNITS WARMED uP 
WITH ¢15V SUPPLY 
ie war 


it sene a se 
|| vero Fae ee ee 


| Peed 
| Pee = 
a oe eS oe 


Sd 
a 


| ee ee eae 
ice anh sam Sie 
A al el 


2 
a 
NORMALIZED INPUT BIAS CURRENT 


SUPPLY CURRENT — mA 


S 
wR 
INPUT BIAS CURRENT (EITHER INPUT) — pA 


INPUT BIAS CURRENT 
INPUT BIAS CURRENT PICOAMPERES 


a oer | » 
a ae es ae 
5 +1 t 


POWER SUPPLY — Volts 


Voie — Volts ADDITIONAL INTERNAL POWER DISSIPATION — Milliwatts 
Figure 7. Input Bias Current and Supply Figure 8. Input Bias Current Versus Figure 9. Input Bias Current Versus 
Current Versus Supply Voltage Differential Input Voltage Addition Power Dissipation 


INPUTS 


OUT 
GUARD 6 SAME PATTERN SHOULD BE 
LAID OUT ON BOTH SIDES 
OF P.C. BOARD 
7 V+ 
8 
(BOTTOM VIEW) 


Figure 10. Board Layout for Guarding Inputs 
with Guarded TO-99 Package 
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ANALOG Ultra Low Drift 
DEVICES BIFET Operational Amplifier — 


AD547 | 


FEATURES 
Ultra Low Drift (1uV/C—AD547L) | 4 


Low Offset Voltage (0.25mV—AD547L) 
Low Input Bias Currents (25pA—AD547L, K) AD547 FUNCTIONAL BLOCK DIAGRAM 
Low Quiescent Current (1.5mA) 

Low Noise (2uV p-p) 

High Open Loop Gain (110dB—AD547K, L, S) 


TO-99 

TOP VIEW 
PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 
The AD547 is a monolithic, FET input operational amplifier 1. Advanced laser wafer trimming techniques reduce offset 
combining the ver, low input bias current advantages of a voltage drift to 1uV/°C max and reduce offset voltage to 
BIFET op amp with offset and drift performance previous- only 0.25mV max on the AD547L. 
ly available only from high quality bipolar amplifiers. 2. Analog Devices BIFET processing provides 25pA max 
The exclusive Analog Devices laser wafer trim process trims (10pA typical) bias currents specified after 5 minutes of 
both the input offset voltage and offset voltage drift to levels warm-up. 
far lower than any competing BIFET amplifier (1mV, SuV/ °C- 3. Low voltage noise, high open loop gain and outstanding 
AD547JH, 0.25mV, luV/ C-AD547LH). offset performance make the AD547 a true precision 
In addition to superior low drift performance, the AD547 BIFET amplifier. 
offers the lowest guaranteed input bias currents of any BIFET 4. The low quiescent supply current, typically 1.1mA, en- 
amplifier with 50pA max for the J grade and 25pA max for ables the AD547 to bring a new level of precision to appli- 

. the L grade. Since Analog Devices, unlike most other manu- cations where low power consumption is essential. 


facturers, specifies input bias current with the amplifiers 
warmed-up, our BIFET amplifiers are specified under actual 
operating conditions, 


5. A further benefit on the AD547’s low power consumption 
and low offset voltage drift is a minimal warm-up drift after 


ower is applied (typically 7uV shift for the AD547L). 
The AD547 is especially designed for use in applications, : PP Eade se 


such as instrumentation signal conditioning and analog 
computation, that require a high degree of precision at low 
cost. 


The AD547 is offered in three commercial versions, J, K and 
L specified from 0 to +70°C and one military version, the S, 
specified from -55°C to +125°C. All grades are packaged in 
hermetically sealed TO-99 cans. The S grade is available fully 
screened to MIL-STD-883, Level B. 
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: SPECIFICATIONS (typical @ +25°C and ie = £15V dc unless otherwise specified) 


MODEL  AD547J . AD547K AD547L AD547SH (AD547SH/883B)' 
OPEN LOOP GAIN? | 
Vout = t10V, Rp > 2k 100,000 min 250,000 min +* sad 
Ta = min to max 100,000 min 250,000 min =< a% 
OUTPUT CHARACTERISTICS 
Voltage @ Ry = 2kQ, Ta = min to max +10V min (+12V typ) * “4 
Voltage @ Ry = 10k2, Tag = minte max +12V min (£13V typ) : 4 ig 
Short Circuit Current 25mA i . . 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 1.0MHz : : - 
Full Power Response 50kHz . a : 
Slew Rate, Unity Gain 3.0V/us : . . m 
INPUT OFFSET VOLTAGE® 1.0mV max 0.5mV max 0.25mV max ¥% ‘ 
vs. Temperature 5uV/°C max 2uV/°C max ; wVPC max 5uV/ C max 
vs. Supply, Ta = min to max 200uV/V max 100uV/V max ik ? 
INPUT BIAS CURRENT , 
Either Input 10pA (SOpA max) 10pA (25pA max) ** ee 
‘Input Offset Current . SpA 2pA i “g 
INPUT IMPEDANCE ' 
Differential 10!2Q\|6pF ig = ? 
Common Mode ~ 1012Q\|6pF ‘ % : 
INPUT VOLTAGE RANGE 
Differential® +30V id , . 
Common Mode +10V min(+12V typ) —° * . 7 
Common Mode Rejection, Vij = +10V 76dB min 80dB min sshd a 
POWER SUPPLY . 
Rated Performance +15V ‘ i 
Operating +(5 to 18)V : i i 
Quiescent Current 1.5mA max (1.1mA typ) ‘ . 
VOLTAGE NOISE | 
0.1-10Hz 2uV p-p typ 4uV p-p max ** * 
10Hz 70nV/A/Hz . : i 
100Hz 45nVA/Hz . i 
1kHz 30nV//Hz : . 
10kHz 25nV/Hz : . : 
TEMPERATURE RANGE ‘ ; 
Operating, Rated Performance . 0 to +70°C : * -55 Cto +125 C 
Storage | -65°C to +150°C fie af : 
PACKAGE OPTION’ 
TO-99 STYLE (HO8B) AD547JH AD547KH AD547LH AD547SH 
NOTES 
1The AD547SH is offered screened to MIL-STD-883, Level B. * Bias Current specifications are guaranteed maximum at either 
? Open Loop Gain is specified with Vgg both nulled and unnulled. input after 5 minutes of operation at Ta = +25°C. For higher 
3 [Input Offset Voltage specifications are guaranteed after 5 minutes temperatures, the current doubles every 10°C. 
of operation at Ta = +25°C. * Defined as the maximum safe voltage between inputs, such that 
“Input Offset Voltage Drift is specified with the offset voltage neither exceeds +10V from ground, 
unnulled. Nulling will induce an additional 3uV/°C/mV of 7See Section 20 for package outline information. 
nulled offset. *Specifications same as AD547J. 


**Specifications same as AD547K. 
Specifications subject to change without notice. 
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Typical Characteristics 


INPUT VOLTAGE —- tV 
OUTPUT VOLTAGE SWING — tV 


SUPPLY VOLTAGE - +V 


SUPPLY VOLTAGE - tV 

Figure 1. Input Voltage Range vs. 

Supply Voltage 
2.0 


Figure 2, Output Voltage Swing vs. 
Supply Voltage 
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SUPPLY VOLTAGE — ¢Volts 
Figure 4. Quiescent Current vs. 
Supply Voltage 
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POWER SUPPLY VOLTAGE — tV 
Figure 5. Input Bias Current vs. 
Supply Voltage 


INPUT BIAS CURRENT — pA 
MVos — uV 


-10 tt) 
COMMON MODE VOLTAGE - V 


Figure 7. Input Bias Current vs. 
CMV 
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Figure 8. Input Offset Voltage Turn 
On Drift vs. Time 
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Figure. 10 Open Loop Frequency 
Response 


SUPPLY VOLTAGE — £V 
Figure 11. Open Loop Voltage 
Gain vs. Supply Voltage 
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Figure 3. Output Voltage Swing vs. 
Resistive Load 
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Figure 6. Input Bias Current vs. 
Temperature 
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Figure 9. Open Loop Gain vs. 
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Figure 12. Power Supply Rejection 
vs. Frequency 
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Vs = t15V 
Vem = 1V p-p +25°C 


CMRR - dB 
PK-PK OUTPUT VOLTAGE — +V 
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Figure 13. Common Mode Rejection Figure 14. Large Signal Frequency 
vs. Frequency Response 
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Figure 16. Total Harmonic Distortion Figure 17. Input Noise Voltage 
vs, Frequency Spectral Density 


a. Unity Gain Follower b. Follower with Gain = 10 
Figure 19. T.H.D. Test Circuits 


Figure 21a. Unity Gain Follower Figure 21b. Unity Gain Follower 
Pulse Response (Large Signal) Pulse Response (Small Signal) 
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Figure 22a, Unity Gain Inverter Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signal) 
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INPUT NOISE VOLTAGE — yuV p-p 
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Figure 15. Output Settling Time vs. 
Output Swing and Error (Circuit of 
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Figure 18. Total Noise vs. Source 
Resistance 
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Figure 20. Settling Time Test Circuit 


Figure 22c. Unity Gain Inverter 
Pulse Response (Small Signal) 


APPLICATION NOTES 

The AD547 was designed for high performance op-amp appli- 
cations that require true dc precision, To capitalize on all of 
the performances available from the AD547 there are some 
practical error sources that should be considered in using this 
precision. BIFET. 


The bias currents of JFET input amplifiers double with every 
10°C increase in chip temperature. Therefore, minimizing the 

, Junction temperature of the chip will result in extending the 
performance limits of the device. 


1. Heat dissipation due to power consumption is the main 
contributor to self-heating and can be minimized by 
reducing the power supplies to the lowest level allowed 
by the application. 


2. The effects of output loading should be carefully con- 
sidered. Greater power dissipation increases bias currents 
and decreases open loop gain. 
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GUARD 6 SAME PATTERN SHOULD BE 


LAID OUT ON BOTH SIDES 
OF P.C. BOARD 


A) Q.. 


(BOTTOM VIEW) 


Figure 23. Board Layout for Guarding Inputs with 
TO-99 Package 


GUARDING | 
The low input bias current (25pA) and low noise character- 
istics of the AD547 make it suitable for electrometer appli- 
cations such as photo diode preamplifiers and picoampere 
current-to-voltage converters. The use of guarding techniques 
in printed circuit board layout and construction is critical 
for achieving the ultimate in low leakage performance avail- 
able from AD547, The input guarding scheme shown in 
Figure 23 will minimize leakage as much as possible; the guard 
ring is connected to a low impedance potential at the same 
level as the inputs. High impedance signal lines should not be 
extended for any unnecessary length on a printed circuit; 

to minimize noise and leakage, they must be carried in rigid 
shielded cables. 


OFFSET NULLING 

The AD547 has low initial offset voltage to compliment its 
excellent drift performance. Even so, in some applications it 
is necessary to null out even this low offset voltage. Precision 
bipolar amplifiers such as the AD510 or AD OP-07 ideally 
have zero drift when their offset is nulled to zero, this is not 
the case for FET input amplifiers. A BIFET amplifier will 
typically exhibit a change of 3uV/°C in drift for each mV of 
Offset voltage nulled. 


In view of this fact the circuit of Figure 24 is recommended 
for the most critical applications. The current in the AD590 is 
proportional to absolute temperature. This current through 
the 15{2 resistor generates a small drift proportional to the 
setting of the null potentiometer. This drift just cancels the 
drift induced by nulling. This circuit will typically remove all 
but +0.5uV/°C per mV of nulled offset. For best results the 
15Q2 resistor should be connected directly to the V- pin of 
the AD547. This prevents any signal from coupling into the 
null terminals via changing currents in the supply rails. 


INPUT PROTECTION 

The AD547 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design 
also allows for differential input voltages of up to +0.5 volts 
while maintaining the full differential input resistance of | 
10'?Q. This makes the AD547 suitable for voltage com- 
parators directly connected to a high impedance source. 


Many instrumentation situations, such as flame detectors in 
gas chromatographs, involve measurement of low level cur- 
rents from high-voltage sources, In such applications, a sensor 
fault condition may apply a very high potential to the input 
of the current-to-voltage converting amplifier. This possibility 
necessitates some form of input protection. Many electro- 
meter type devices, especially CMOS designs, can require 
elaborate zener protection schemes which often compromise 
overall performance. The AD547 requires input protection 
only if the source is not current-limited and, as such, is 
similar to many JFET-input designs. (The failure would be due 
to overheating from excess current rather than voltage break- 
down.) If this is the case, a resistor in series with the affected 
input terminal is required so that the maximum overload cur- 
rent is 1.0mA (for example, 100k{Q2 for a 100 volt overload). 
This simple scheme will cause no significant reduction in 
performance and give complete overload protection. Figure 
25 shows proper connections. 


AD590! 


1522, 10% 


Rp TYPICALLY 100k2 TO 1MQ 


[ ae hy Vp RP= man FOR TRANSIENTS LESS THAN 1 SECOND 


Vp 


R = 
Pp’ 100nA 


FOR CONTINUOUS OVERLOADS 


Figure 25. Input Protection 
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A PRECISION INSTRUMENTATION AMPLIFIER 
The instrumentation amplifier of Figure 26 utilizes the out- 
standing characteristics of the AD547 to provide high per- 


formance at a reasonable cost. j 


The low drift, low bias currents and high open loop gain pro- 
vide both high accuracy and linearity. The input amplifiers Al 
and A2 are AD547Ls selected for their low offset charac- 
teristics (0.25mV of offset voltage and 1uV/°C drift) and 

low bias currents (25pA max). The use of the AD547Ls as 
the input guarantees a maximum input offset voltage drift 

of 2uvirC with an input offset voltage of 0.5mV max 


- untrimmed. A3 is an AD741JH and A4 is an AD547]J. These 


serve two unrelated but critical purposes, A4 is the output 
amplifier and A3 is an active data guard. 


INPUT 


R7 R8 
10k2 10k2Q 


NOTES 
Rs AND Rg ARE £1%, +10ppm/°C 
R3 AND R4 ARE #1%, +50ppm/°C 


R5, R6, R7, RB AREA MATCHED NETWORK, 


£0.01%, t2ppm/°C TRACKING TC. 


Figure 26. Precision FET Input Instrumentation Amplifier 


USING THE AD547 IN LOG AMPLIFIER APPLICATIONS 
Log amplifiers or log ratio amplifiers are useful in applications 
requiring compression of wide-range analog input data, linear- 
ization of transducers having exponential outputs, and analog 
computing, ranging from simple translation of natural rela- 
tionships in log form (e.g., computing absorbance as the log- 


‘ratio of input currents), to the use of logarithms in facilitating 


analog computation of terms involving arbitrary exponents 
and multi-term products and ratios. 


The picoamp level input current and low offset voltage of the 
AD547 make it suitable for wide dynamic range log ampli- 
fiers. Figure 27 is a schematic of a log ratio circuit employing 
the AD547 that can achieve less than 1% conformance error 
over 5 decades of current input, 1nA to 100uA. For voltage 
inputs, the dynamic range is typically 50mV to 10V for 1% 


error, limited on the low end by the amplifier’s input offset 


voltage. | 
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Vout = -1V LOGi9 Iy/l2 
- OR -1V LOGq9 V1 /V 2 
R1 


MP318 Q1 


Rtc TEL LABS 
+3500ppm Q81 


T 
O CIRCUIT SHOWN FOR NEGATIVE V OR Iw. 
-15V FOR POSITIVE INPUTS, Q1 = PNP, AND Va =-15V. 


Figure 27. Log-Ratio Amplifier 


The conversion between current (or voltage) input and log 
output is accomplished by the base emitter junctions of the 
dual transistor Q1. Assuming Q1 has 8 >100, which is the case 
for the specified transistor, the base-emitter voltage on side 1 
is to a close approximation: 


VBE'A = kT/qIn 1, /Isi 


This circuit is arranged to take the difference of the Vgp’s of 
Q1A and Q1B, thus producing an output voltage proportional 
to the log of the ratio of the inputs: 


KkT 
Vout =-K(Vpe a - VBE B) =- a (In 14 /Igy -In Iz/Is2) 
VouT = -K kT/q In 14 /I2 


The scaling constant, K is set-by Rl and Rc to about 16, 

to produce 1V change in output voltage per decade difference 
in input signals. Ryc is a special resistor with a +3 500ppm/°C 
temperature coefficient, which makes K inversely proportional 
to temperature, compensating for the ‘‘T”’ in kT/q. The log- 
ratio transfer characteristic is therefore independent of tem- 
perature. 


This particular log ratio circuit is free from the dynamic prob- 
lems that plague many other log circuits. The -3dB bandwidth 
is 50kHz over the top 3 decades, 100nA to 100uA, and de- 
creases smoothly at lower input levels. This circuit needs no 
additional frequency compensation for stable operation from 
input current sources, such as photodiodes, that may have 
100pF of shunt capacitance. For larger input capacitances a 
20pF integration capacitor around each amplifier will provide 
a smoother frequency response. : 


This log ratio amplifier can be readily adjusted for optimum 
accuracy by following this simple procedure. First, apply V1 = 
V2 = -10.00V and adjust “Balance” for Vout = 0.00V. Next 
apply V1 = -10.00V, V2 = -1.00V and adjust gain for Vour = 
+1.00V. Repeat this procedure until gain and balance readings 
are within 2mV of ideal values. | 


ANALOG 
DEVICES 


Precision Low Cost . 
Dual BIFET Op Amp 


FEATURES 

Matched Offset Voltage 

Matched Offset Voltage Over Temperature 
Matched Bias Current 

Crosstalk -124dB at 1kHz 

Low Bias Current: 35pA max Warmed Up 
Low Offset Voltage: 500uV max 

Low Input Voltage Noise: 2uV p-p 

High Open Loop Gain 

Low Quiescent Current: 2.8mA max 

Low Total Harmonic Distortion 

Standard Dual Amplifier Pin Out 


PRODUCT DESCRIPTION 

The AD642 is a pair of matched high speed monolithic FET- 
input operational amplifiers fabricated with the most advanced 
bipolar, JFET and laser trimming technologies. The AD642 
offers matched bias currents that are significantly lower than 
currently available monolithic dual FET input operational 
amplifiers: 35pA max matched to 25pA for the AD642K 
and L; 75pA max, matched to 35pA for the AD642J and S, 
In addition, the offset voltage is laser trimmed to less than 
0.5mV and matched to 0.25mV for the AD642L, 1.0mV and 
matched to 0.5mV for the AD642K, utilizing Analog’s laser- 
wafer trimming (LWT) process. 


The tight matching and temperature tracking between the 
operational amplifiers is achieved by ion-implanted JFETs 
and laser-wafer trimming, Ion-implantation permits the fab- 
brication of precision, matched JFETs on a monolithic bipolar 
chip. This optimizes the process to produce matched bias 
currents which have lower initial bias currents than other 
popular FET input op amps. Laser-wafer trimming each am- 
plifier’s input offset voltage assures a tight initial match, this 
combined with superior IC processing guarantees offset volt- 
age tracking over the temperature range. . 


The AD642 is recommended for applications in which excel- 
lent ac and dc performance is required. The matched ampli- 
fiers provide a low cost solution for true instrumentation 
amplifiers, log ratio amplifiers, and output amplifiers for four 
quadrant multiplying D/A converters such as the AD7541. 


The AD642 is available in three versions: the ‘‘J’’, ‘‘K’’ and 
“L”’, all specified over the 0 to +70°C temperature range and 
one version, “‘S”, over the -55°C to +125°C military oper- 
ating temperature range. All devices are packaged in the 
hermetically-sealed, TO-99 metal can. 


TO-99 
TOP VIEW 


PRODUCT HIGHLIGHTS 


1; 


The AD642 has tight matching specifications to ensure 
high performance, eliminating the need to match indi- 
vidual devices. 


. Analog Devices, unlike some manufacturers, specifies each 


device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the 
AD642 will meet its published specifications in actual use. 


. Laser-wafer-trimming reduces offset voltage to as low as 


0.5mV max and matched side to side to 0.25mV (AD642L), 
thus eliminating the need for external nulling. 


. Low voltage noise (2uV, p-p), and high open loop gain 


enhance the AD642’s performance as a precision op amp. 


. The standard dual amplifier pin out allows the AD642 to 


replace lower performance duals without redesign. 
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hs ' SPECIFICATIONS (typical @ +25°C and Vs = +15V de unless otherwise specitied) 


MODEL AD642JH AD642KH AD642LH AD642SH(AD642SH/883B)! 
OPEN LOOP GAIN 
Vout = +10V, Ry > 2kQ 100,000 min 250,000 min ae -: 
Ta = min to max 100,000 min 250,000 min bia ss 
OUTPUT CHARACTERISTICS 
Voltage @ Ry = 2kQ, Ta = min to max +10V min (£12V typ) +i - . 
Voltage @ Ry = 10k2, Ta =mintomax +12V min (+13V typ) 7 . o 
Short Circuit Current 25mA ~ oe 3 : 
FREQUENCY RESPONSE . 
Unity Gain, Small Signal 1.0MHz : . - 
Full Power Response 50kHz : : : 
Slew Rate, Unity Gain 3.0V/us : ‘j 
INPUT OFFSET VOLTAGE? 2.0mV max 1.0mV max 0.5mV max ar 
Tin = leak 3.5mV max 2.0mV max 1.0mV max - 
vs. Supply, Ta = min to max 200uV/V max 100uV/V max ae sa 
INPUT BIAS CURRENT 
Either Input? 10pA, 75pA max 10pA, 35pA max ae es 
Input Offset Current 5pA 2pA is ss 
MATCHING CHARACTERISTICS* 
Offset Voltage 1.0mV max 0.5mV max 0.25mVmax bial 
Offset Voltage 3.5mV max 2.0mV max 1,0mV max . 
Tmin-Tmax 
Input Bias Current 35pA max 25pA max ais ? 
Crosstalk—1kHz 20V p-p -124dB = * id 
INPUT IMPEDANCE 
Differential 10'? Qi|6pF : ij 
Common Mode ~ 10 O\|6pF i 
INPUT VOLTAGE RANGE 
Differential ® +20V : . 7 
Common Mode +10V min (+12V typ) : ‘ 
Common Mode Rejection, VIN = +10V 76dB min 80dB min = aa 
POWER SUPPLY 
Rated Performance +15V ‘ i 
Operating +(5 to 18)V | . : ‘ 
Quiescent Current 2.8mA max bf 7 x 
VOLTAGE NOISE 
0.1-10Hz 2uV p-p * ‘i i 
10Hz 70nVA/Hz. ‘ Z : 
100Hz 45nV/A/Hz. . 
1kHz 30nV/A/Hz i : iy 
10kHz 25nV//Hz . : 
TEMPERATURE RANGE 
Operating, Rated Performance 0 to +70°C i . -55°C to +125°C 
Storage -65°C to +150°C i : ; 
PACKAGING OPTIONS® 
TO-99 Style (HO8B) AD642JH AD642KH AD642LH AD642SH 
NOTES 
1 The AD642SH/88 3B is an AD642SH which is inspected and “Matching is defined as the difference between parameters of 
processed to the full requirements of MIL-STD-883, Level B. A the two amplifiers. 
complete listing of the tests is available on request. ‘Defined as the maximum safe voltage between inputs, such that 
2 Input Offset Voltage specifications are guaranteed after 5 minutes neither exceeds +10V from ground. 
of operation at Ta = +25°C. *See Section 20 for package outline information. 
> Bias current specifications are guaranteed maximum at either 
input after 5 minutes of operation at Ta = +25°C. For higher *Specifications same as AD642JH. 
temperatures, the current doubles every 10°C. ** Specifications same as AD642KH. 


Specifications subject to change without notice. 
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INPUT VOLTAGE — +V 


SUPPLY VOLTAGE - +V 
Figure 1. Input Voltage Range vs. 
Supply Voltage 
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Figure 4. Quiescent Current vs. 
Supply Voltage 
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COMMON MODE VOLTAGE - Vv 
Figure 7. Input Bias Current vs. 
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Figure 10. Open Loop Frequency 


Response 
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OUTPUT VOLTAGE SWING - tV 


SUPPLY VOLTAGE - +V 


Figure 2, Output Voltage Swing vs. 
Supply Voltage 
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Figure 5. Input Bias Current vs. 
Supply Voltage 
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WARM-UP TIME — Minutes 


Figure 8. Input Offset Voltage Turn 


On Drift vs. Time 


VOLTAGE GAIN — dB 


SUPPLY VOLTAGE — £V 
Figure 11. Open Loop Voltage 
Gain vs. Supply Voltage 
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FREQUENCY = 1kHz 
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OUTPUT VOLTAGE SWING - V p-p 


LOAD RESISTANCE — 2 
Figure 3. Output Voltage Swing vs. 
Resistive Load 
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Figure 12. Power Supply Rejection 
vs. Frequency 
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Vs = £15V 


Vem = 1V p-p +25°C 


CMRR — dB 
OUTPUT VOLTAGE — +V PK-PK 
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Figure 13. Common Mode Rejection Figure 14. Large Signal Frequency 
vs, Frequency Response 
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Figure 16. Total Harmonic Distortion 
vs, Frequency 
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Figure 17. Input Noise Voltage 
Spectral Density 
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a. Unity Gain Follower b. Follower with Gain = 10 
Figure 19, T.H.D, Test Circuits 


~ Figure 21a. Unity Gain Follower 


Pulse Response (Large Signal) — Pulse Response (Small Signal) 


Figure 22b, Unity Gain Inverter 
Pulse Response (Large Signal) 


Figure 22a, Unity Gain Inverter 
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Figure 21b. Unity Gain Follower 


INPUT NOISE VOLTAGE — uV p-p 


CROSSTALK = 20 LoG VOUT 


OUTPUT VOLTAGE SWING FROM OV ~ VOLTS 


OUTPUT SETTLING TIME — us 
Figure 15. Output Settling Time vs. 
Output Swing and Error (Circuit of 
Figure 23) 


(WHEREVER JOHNSON NOISE IS GREATER THAN 
AMPLIFIER NOISE, AMPLIFIER NOISE CAN BE 
CONSIDERED NEGLIGIBLE FOR APPLICATION) 
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Figure 18. Total Noise vs. Source 
Resistance 
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Figure 20. Crosstalk Test Circuit 


Figure 22c. Unity Gain Inverter 
Pulse Response (Small Signal) 
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IMV/DIV 


V _ Vin - Vout 
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e 
VIN 
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-15V +15V SCOPE VERTICAL 


INPUT REFERENCE 
Figure 23. Settling Time Test Circuit 


Fast settling time (8s to 0.01% for 20V p-p step), low power 
and low offset voltage make the AD642 an excellent choice 
for use as an output amplifier for current output D/A con- 
verters such as the AD7541. 


Verror IMV/DIV 


INPUT 10V/DIV 


Figure 24, Settling Characteristic Detail 


The upper trace of the oscilloscope photograph of Figure 24 
shows the settling characteristic of the AD642. The lower 
trace represents the input to Figure 23. The AD642 has been 
designed for fast settling to 0.01%, however, feedback com- 
ponents, circuit layout and circuit design must be carefully 
considered to obtain optimum settling time. 


0.1pF 
a 1.1M2 


Figure 25. 0.1Hz to 10Hz Band Pass Filter 


The low frequency (1/f) noise has a power spectrum that is 
inversely proportional to frequency. Typically this noise is 
not important above 10Hz, but it can be important for low 
frequency-high gain applications. 


The low noise characteristics of the AD642 make it ideal for 
1/f noise testing circuits. The circuit of Figure 25 is a 0.1Hz 


to 10Hz bandpass filter with second order filter characteristics. 


The circuit illustrated in Figure 26 uses two AD642s to con- 
struct an instrumentation amplifier with low input current 
(35pA max), high linearity and low offset voltage and offset 
voltage drift. The AD644 may be substituted for increased 
speed, but the higher open-loop gain of the AD642 maintains 
better linearity over the gain range of 1 to 1000. Amplifier Al 
is an AD642L for low input offset voltage (250uV max) and 
low input offset voltage drift at high gains because matching 
and tracking are very important for the balanced input stage. 
Amplifier A2 serves two nonrelated functions, output ampli- 
fier and active data-guard drive, and does not require close 
matching between sections; thus it may be an AD642J. — 


R7 
10k2 
NOTES 
Rg AND Rg ARE 11%, ¢10ppm/°C 
R3 AND R4 ARE 21%, 


SOppm/°C. 
R5, RG, R7, RB ARE A MATCHED NETWORK, 


‘S At ‘ £0.01%, t2ppm/°C TRACKING TC. 
C2 SpF GUARD 


Figure 26. Precision FET Input Instrumentation Amplifier 


The output impedance of a CMOS DAC varies with the digital 
word thus changing the noise of the amplifier circuit. This 
effect will cause a nonlinearity whose magnitude is dependent 
on the offset voltage of the amplifier. The AD642K with tim- 
med offset will minimize the effect. The Schottky protection 
diodes recommended for use with many older CMOS DACs 


are not required when using the AD642. 


BIPOLAR 
ANALOG INPUT 
+10V 


BIPOLAR 
DIGITAL 


NOTES: 
1. R3/R4 MATCH 0.05% OR BETTER. 
2. R1,R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED 


Figure 27a. AD642 Used as DAC Output Amplifier 


Figure 27a illustrates the AD7541 12-bit digital-to-analog 
converter, connected for bipolar operation. Since the digital 
input can accept bipolar numbers and Vr_eF can accept a bi- 
polar analog input, the circuit can perform a 4-quadrant 
multiplication. 


10V 5V ° Sus 


Vrer IN, 20V P-P, 33kHz 


10V/DIV VERT, 
5Sus/DIV HORIZ. 


Vout. 


5V/DIV VERT 
Sus/DIV HORIZ. 


SETTLING TIME: 10us TO 
0.01% ON 20V STEP 


Figure 27b. Voltage Output DAC Settling Characteristic 


The photo above shows the output of the circuit of Figure 
27a. The upper trace represents the reference input, and the 
bottom trace shows the output voltage for a digital input of 
all ones on the DAC. The 47pF capacitor across the feedback 
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resistor compensates for the DAC output capacitance, and the 
150pF load capacitor serves to minimize output glitches. 


Low amplifiers or log ratio amplifiers are useful in applications 
- requiring compression of wide-range analog input data, linear- 
ization of transducers having exponential outputs, and analog 
computing, ranging from simple translation of natural rela- 
tionships in log form (e.g., computing absorbance as the log- 
ratio of input currents), to the use of logarithms in facilitating 
analog computation of terms involving arbitrary exponents 
and multi-term products and ratios. 


The picoamp level input current and low offset voltage of the 
AD642 make it suitable for wide dynamic range log ampli- 
fiers. Figure 28 is a schematic of a log ratio circuit employing 
the AD642 that can achieve less than 1% conformance error 
over 5 decades of current input, 1nA to 100A. For voltage 
inputs, the dynamic range is typically 50mV to 10V for 1% 
error, limited on the low end by the amplifiers’ input offset 
voltage. 


Vout = - 1V LOG io Ii/l2 
OR -1V LOG19 Vi /V 2 
R1 


MP318 Q1 


1k 
Rtc TEL LABS 
+3500ppm Q81 


° CIRCUIT SHOWN FOR NEGATIVE V OR tin. 
-15V FOR POSITIVE INPUTS, Q1 = PNP, AND Va = -15V. 


Figure 28. Log-Ratio Amplifier 
The conversion between current (or voltage) input and log 
output is accomplished by the base emitter junctions of the 
dual transistor Q1. Assuming Q1 has B > 100, which is the case 
for the specified transistor, the base-emitter voltage on side 1 
is to a close approximation: 


VBE A = kT/q In 1,/Is1 


This circuit is arranged to take the difference of the Vpp’s of 
Q1A and Q1B, thus producing an output voltage pieporuone 
to the log of the ratio of the inputs: 


KkT 
Vout =-K(VpE a - VBE B) =- a (In 14 /Isy - In I2/Is2) 
Vout = -KkT/q In 11/12 | 


The scaling constant, K is set by R1 and Rqc to about 16, 

to produce 1V change i in output voltage per decade difference 
in input signals. Ryc isa special resistor with a +3 500ppm/°C 

‘ temperature coefficient, ‘which makes K inversely proportional 
to temperature, compensating for the “T”’ in kT/q. The log- 
ratio transfer characteristic is therefore independent of tem- 

' perature. 


This particular log ratio circuit is free from the dynamic prob- 
lems that plague many other log circuits. The -3dB bandwidth 
is 50kHz over the top 3 decades, 100nA to 100uA, and de- 
creases smoothly at lower input levels. This circuit needs no 
additional frequency compensation for stable operation from 
input current sources, such as photodiodes, that may have 
100pF of shunt capacitance. For larger input capacitances a 
20pF integration capacitor around each amplifier will provide 
a smoother frequency response. 
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This log ratio amplifier can be readily adjusted for optimum 
accuracy by following this simple procedure. First, apply V1 = 
V2 = -10.00V and adjust “‘Balance” for Vout = 0.00V. Next 
apply V1 = -10.00V, V2 = -1.00V and adjust gain for Vout = 
+1.00V. Repeat this procedure until gain and balance readings 
are within 2mV of ideal values. 


The low input bias current (35pA) and low noise character- 
istics of the AD642 make it suitable for electrometer appli- 
cations such as photo diode preamplifiers and picoampere 
current-to-voltage converters. The use of guarding techniques 
in printed circuit board layout and construction is critical 
for achieving the ultimate in low leakage performance that 
the AD642 can deliver. The input guarding scheme shown in 


, Figure 29 will minimize leakage as much as possible; the 


guard ring should be applied to both sides of the board. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should 
not be extended for any unnecessary length on a printed 
circuit; to minimize noise and leakage, they must be carried 
in rigid shielded cables. 


INPUTS 
wee 


Ye. 
GUARD 2 


Figure 29. Board Layout for Guarding Inputs 


INPUT PROTECTION | 

The AD642 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design 
also allows differential input voltages of up to +0.5 volts while 
maintaining the full differential input resistance of 10122. 
This makes the AD642 suitable for low speed voltage com- 
parators directly connected to a high impedance source. 


Many instrumentation situations, such as flame detectors in 
gas chromatographs, involve measurement of low level cur- 
rents from high-voltage sources, In such applications, a sensor 
fault condition may apply a very high potential to the input 
of the current-to-voltage converting amplifier. This possibility 
necessitates some form of input protection. Many electro- 
meter type devices, especially CMOS designs, can require 
elaborate zener protection schemes which often compromise 
overall performance. The AD642 requires input protection 
only if the source is not current-limited, and as such is similar 
to many JFET-input designs. The failure mode would be over- 
heating from excess current rather than voltage breakdown. 
If the source is not current-limited, all that is required is a 
resistor in series with the affected input terminal so that the 
maximum overload current is 1.0mA (for example, 100k 
for a 100 volt overload). This simple scheme will cause no 
significant reduction in performance and give complete over- 
load protection. Figure 30 shows proper connections. 
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Figure 30. AD642 Input Protection 


ANALOG > Dual High Speed 
DEVICES Implanted FET-Input Op Amp 


- FEATURES 
Matched Offset Voltage 
Matched Offset Voltage Over Temperature 
Matched Bias Currents 
Crosstalk -124dB at 1kHz 
Low Bias Current: 35pA max Warmed Up 
Low Offset Voltage: 500uV max 
Low Input Voltage Noise: 2uV p-p 
High Slew Rate: 13V/us 
Low Quiescent Current: 4.5mA max 
Fast Settling to +0.01%: 3s 
Low Total Harmonic Distortion: 0.0015% at 1kHz 
Standard Dual Amplifier Pin Out 


TO-99 


TOP VIEW 
PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 
The AD644 is a pair of matched high speed monolithic FET- 1. The AD644 has tight side to side matching specifications to 
input operational amplifiers fabricated with the most advanced ensure high performance without matching individual 
bipolar, JFET and laser trimming technologies. The AD644 devices. 
offers matched bias currents that are significantly lower than 2. Analog Devices, unlike some manufacturers, specifies each 


currently available monolithic dual FET input operational 
amplifiers: 35pA max, matched to 25pA for the AD644K and © 
L, 75pA max matched to 35pA for the AD644J and S. In ad- 
dition, the offset voltage is laser trimmed to less than 0.5mV, 


device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the 
AD644 will meet its published specifications in actual use. 


and matched to 0.25mV for the AD644L, 1.0mV and matched 3. Laser-wafer-trimming reduces offset voltage to as low as 

to 0.5mV for the AD644K, utilizing Analog Devices’ laser- 0.5mV max matched side to side to 0.25mV (AD644L), 
wafer trimming (LWT) process. thus eliminating the need for external nulling. 

The tight matching and temperature tracking between the 4. Improved bipolar and JFET processing on the AD644 result 
operational amplifiers is achieved by ion-implanted J FETs in the lowest matched bias current available in a high speed 
and laser-wafer trimming. Ion-implantation permits the fabri- monolithic FET op amp. 

cation of precision, matched JFETs ona monolithic bipolar 5. Low voltage noise (2UV p-p) and high open loop gain en- 
chip. This process optimizes the ability to produce matched hance the AD644’s performance as a precision op amp. 


amplifiers which have lower initial bias currents than other 
popular FET input op amps. Laser-wafer trimming each ampli- 
fier’s input offset voltage assures tight initial match and super- 
ior IC processing guarantees offset voltage tracking over the 


6. The high slew rate (13.0V/us) and fast settling time to 
0.01% (3.0us) make the AD644 ideal for D/A, A/D, sample- 
hold circuits and dual high speed integrators. 


temperature range. 7. Low harmonic distortion (0.0015%) and low crosstalk 

The AD644 is recommended for applications in which both (-124dB) make the AD644 an ideal choice for stereo audio 
excellent ac and dc performance is required. The matched applications. 

amplifiers provide a low cost solution to true wideband in- 8. The standard dual amplifier pin out allows the AD644 to 
strumentation amplifiers, low dc drift active filters and output replace lower performance duals without redesign. 


amplifiers for four quadrant multiplying D/A converters such 
as the AD7541, 12-bit CMOS DAC. 


The AD644 is available in four versions: the “J’’, ““K”’ and 
“L” are specified over the 0 to +70° C temperature range and 
the “‘S” over the -55°C to +125°C operating temperature 
range. All devices are packaged in the hermetically-sealed, 
TO-99 metal can. 


OPERATIONAL AMPLIFIERS VOL. 1, 4-99 


Ts 


SPECIFICATIONS (typical @ +25°C and-Vs = £15V dc unless otherwise specified) a 


MODEL AD644J AD644K | AD644L -  —_—-_—_s. AD644S (AD644S/883B)' 
OPEN LOOP GAIN | ° ae 
Vout = £10V, Ry, > 2kQ 30,000 min 50,000 min ++ Oa os 
Ta = min to max, Ry = 2kQ 20,000 min 40,000 min bd * 
OUTPUT CHARACTERISTICS 
Voltage @ Ry = 2k, Ta = min to max +10V min (+12V typ) e : : 
Voltage @ Ry = 10k2,Ta =mintomax  +12V min (+13V typ) * ; : 
Short Circuit Current 25mA ¥ - * 
FREQUENCY RESPONSE 
Unity Gain, Small Signal . 2.0MHz . * * 
Full Power Response 200kHz bs * * 
Slew Rate, Unity Gain 13.0V/ps (8.0V/us min) . : x 
Total Harmonic Distortion, f = 1kHz 0.0015% : e 
INFUT OFFSET VOLTAGE? 2.0mV max 1.0mV max 0.5mV max : 
Input Offset Voltage Trin -Tmax 3.5mV max 2.0mV max 1.0mV max * 
vs. Supply, Ta = min to max 200KV/V max 100uV/V max a = 
INPUT BIAS CURRENT . . ; 
Either Input? 10pA (75pA max) 10pA (35pA max) * i 
Input Offset Current 10pA SpA a as 
MATCHING CHARACTERISTICS* 
Input Offset Voltage 1.0mV max 0.5mV max 0.25mV max nics 
Input Offset Voltage Trin - Tmax 3.5mV max 2.0mV max 1.0mV max bg 
Input Bias Current 35pA max 25pA max a 
Crosstalk -124dB bs 
INPUT IMPEDANCE 
Differential 1012Q\|6pF a . 
Common Mode 101292||3pF i . 
INPUT VOLTAGE RANGE 
Differential® +20V 2 . - 
Common Mode +12V (£10V min) . a : 
Common Mode Rejection, Vin = t10V 76dB min 80dB min r _ 
POWER SUPPLY ; 
Rated Performance +15V . . 
Operating +(5to18)V i . . 
Quiescent Current 3.5mA (4.5mA max) i - . 
VOLTAGE NOISE 
0.1-10Hz 2uV p-p 2 5 i 
10Hz 35nV// Hz : . 2g 
100Hz 22nV//Hz - . : 
1kHz 18nV/A/Hz i . % 
10kHz 16nV//Hz : : : 
TEMPERATURE RANGE - ; ; 
Operating, Rated Performance 0to +70 C _ gee ; -55 Cto +125 C 
Storage -65°C to +150°C 7 : . 
PACKAGING OPTIONSS : , 
TO-99 Style (HO8B) | AD644JH AD644KH AD644LH AD644SH 
NOTES 
* The AD644S/883B is an AD6445S which is inspected and processed “ Matching is defined as the difference between parameters of the two amplifiers. 
to the requirements of MIL-STD-883, Level B. A complete listing 5 Defined as voltage between inputs, such that neither exceeds +10V from ground. 
of the tests is available on request. § See Section 20 for package outline information. 
2 Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at Ta = +25°C. *Specifications same as AD644J. 
3 Bias Current specifications are guaranteed maximum at either input **Specifications same as AD644K. 


after 5 minutes of operation at Ta = +25°C. For higher temperatures, 
A 8: P 


the current doubles every 10°C. Specifications subject to change without notice. 


VOL. 1, 4-100 OPERATIONAL AMPLIFIERS 


INPUT VOLTAGE -— tv 


SUPPLY VOLTAGE — tv 
Figure 1. Input Voltage Range vs. 
Supply Voltage 


INPUT BIAS CURRENT — pA 


SUPPLY VOLTAGE — t:V 
Figure 4. Input Bias Current vs. 
Supply Voltage 
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; WARM-UP TIME — Minutes 
Figure 7. Change in Offset Voltage 
vs. Warm-Up Time 
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Figure 10. Open Loop Voltage Gain 
vs. Supply Voltage 
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SUPPLY VOLTAGE — #V 
Figure 2. Output Voltage Swing vs. 
Supply Voltage 


1000A 


TEMPERATURE — °C 
Figure 5. Input Bias Current vs. 
Temperature 


TEMPERATURE — °C 
Figure 8. Open Loop Gain vs. 
Temperature 
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Figure 11. Power Supply Rejection 
vs. Frequency 
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Figure 3. Output Voltage Swing vs. 
Resistive Load 
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Figure 6. Input Bias Current vs. CMV 
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Figure 9. Open Loop Frequency 
Response 
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FREQUENCY — Hz 
Figure 12. Common Mode Rejection 
Ratio vs. Frequency 


OPERATIONAL AMPLIFIERS VOL. 1, 4-101 


PHASE MARGIN 


PK-PK OUTPUT VOLTAGE — ¢V 


TOTAL HARMONIC DISTORTION (T.H.D) — % 


+10 


b 


°o 


-5 


OUTPUT VOLTAGE SWING FROM OV — Volts 


FREQUENCY — Hz 


Figure 13. Large Signal Frequency 
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Figure 14. Output Settling Time vs. Output 
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Figure 16. Total Harmonic Distortion 
vs. Frequency 
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Figure 17. Closed Loop Gain & Phase 
vs. Frequency 
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Unity Gain Follower 
Figure 19. T.H.D. Test Circuits 


Figure 21b. Unity Gain Follower 


Figure 21a. Unity Gain Follower 
Pulse Response (Small Signal) 


Pulse Response (Large Signal) 
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Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signal) 


Figure 22a. Unity Gain Inverter 
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Figure 15. Noise Spectral Density 
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Figure 18. Slew Rate vs. Error 
Signal 
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Figure 22c. Unity Gain Inverter 
Pulse Response (Small Signal) 
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Figure 23a. Settling Time Test Circuit 
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Figure 23b. Settling Characteristic Detail 


The fast settling time (3.0us to 0.01% for 20V p-p step) and 
low offset voltage make the AD644 an excellent choice as an 
output amplifier for current output D/A converters such as 

the AD7541. The upper trace of the oscilloscope photograph 
of Figure 23b shows the settling characteristics of the AD644. 
The lower trace represents the input to Figure 23a. The AD644 
has been designed for fast settling to 0.01%, however, feedback 
components, circuit layout and circuit design must be carefully 
considered to obtain the optimum settling time. | 


4.99k2 


OUTPUT 


TYPICAL CAPACITANCE 
LIMIT FOR VARIOUS 
LOAD RESISTORS 


Transient Response R 1. = 2kQ Ci. = 500pF 


The circuit in Figure 24 employs a 10022 isolation resistor 
which enables the amplifier to drive capacitive loads ex- 
ceeding 500pF;; the resistor effectively isolates the high fre- 
quency feedback from the load and stabilizes the circuit. Low 
_ frequency feedback is returned to the amplifier summing 


junction via the low pass filter formed by the 1002 series 
resistor and the load capacitance, C,. . 


The low input bias current (35pA), low noise, high slew rate 
and high bandwidth characteristics of the AD644 make it 
suitable for electrometer applications such as photodiode 
preamplifiers and picoampere current-to-voltage converters. 
The use of guarding techniques in printed circuit board 
layout and construction is critical for achieving the ultimate in 
low leakage performance that the AD644 can deliver. The in- 
put guarding scheme shown in Figure 25 will minimize leakage 
as much as possible. The same layout should be used on both 
sides of a double side board. The guard ring is connected to 

a low impedance potential at the same level as the inputs. High 
impedance signal lines should not be extended for any unneces- 
sary length on a printed circuit; to minimize noise and leakage, 
such conductors should be replaced by rigid shielded cables. 


INPUTS 


Figure 25. Board Layout for Guarding Inputs 


INPUT PROTECTION 

The AD644 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design 
also allows differential input voltages of up to +1 volt while 
maintaining the full differential input resistance of 10'*Q. 
This makes the AD644 suitable for comparator situations 
employing a direct connection to high impedance source. 


Many instrumentation situations, such as flame detectors in 

gas chromatographs, involve measurement of low level currents 
from high-voltage sources. In such applications, a sensor fault 
condition may apply a very high potential to the input of the 
current-to-voltage converting amplifier. This possibility neces- 
sitates some form of input protection. Many electrometer type 
devices, especially CMOS designs, can require elaborate zener 
protection schemes which often compromise overall perfor- 
mance. The AD644 requires input protection only if the source 
is not current-limited, and as such is similar to many JFET-input 
designs. The failure mode would be overheating from 

excess current rather than voltage breakdown. If the source is 
not current-limited, all that is required is a resistor in series 
with the affected input terminal so that the maximum over- 
load current is 1.0mA (for example, 100kQ for a 100 volt 
overload). This simple scheme will cause no significant reduc- 
tion in performance and give complete overload protection. 
Figure 26 shows proper connections. 
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Figure 26. AD644 Input Protection 
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BIPOLAR 
ANALOG INPUT 
+10V 


10k NOTES: 
1. R3/R4 MATCH 0.05% OR BETTER. 
2. R1, R2 USED ONLY IF GAIN I 
ADJUSTMENT 1S REQUIRED v- 


Figure 27c. Small Signal Response 


Figure 27a illustrates the 10-bit digital-to-analog converter, 
AD7533, connected for bipolar operation. Since the digital in- 


put can accept bipolar numbers and Vpr_r can accept a bipolar 


analog input, the circuit can perform a 4-quadrant multiplying 
function. The photos exhibit the response to a step input at 
Vrer: Figure 27b is the large signal response and Figure 27c 
is the small signal response. 


The output impedance of a CMOS DAC varies with the digital 
word thus changing the noise gain of the amplifier circuit. The 
effect will cause a nonlinearity the magnitude of which is 
dependent on the offset voltage of the amplifier. The AD644K 
with trimmed offset will minimize the effect. The Schottky 
protection diodes recommended for use with many older 
CMOS DACs are not required when using the AD644. 


ACTIVE FILTERS 

Literature on active filter techniques and characteristics based 
on operational amplifiers is readily available. The successful 
application of an active filter however, depends on the compo- 
nent selection to achieve the desired performance. The AD644 
is recommended for filters in medical, instrumentation, data 
acquisition and audio applications, because of its high gain 
bandwidth figure, symmetrical slewing, low noise, and low 
offset voltage. 
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The state variable filter (Figure 28) is stable, easily tuned and 
is independent of circuit Q and gain. The use of the AD644 
with its low input bias current simplifies the resistor (R3, R4) 
selection for the passband center frequency, circuit Q and 
voltage gain. 


R2 10M22 


R4 1.5MQ2 


fo = CENTER FREQUENCY = 1/27 Rc _—Qo, IS ADJUSTABLE BY VARYING R2 
IS ADJUSTABLE BY VARYING R ORC 
Q, = QUALITY FACTOR = “Lt ne jones 


H, = GAIN AT RESONANCE = R2/Ry 
R3z = Ra = 10°/f, 


Figure 28. Band Pass State Variable Filter 


SAMPLE/HOLD COMMAND © 


Figure 29. Sample and Hold Circuit 


The sample and hold circuit, shown in Figure 29 is suitable for 
use with 8-bit A/D converters. The acquisition time using a 
3900pF capacitor and fast CMOS SPST (ADG200) switch is 
15ys. 


The droop rate is very low 25 X 10°? V/us due to the low 
input bias currents of the AD644. Care should be taken to 
minimize leakage paths. Leakages around the hold capacitor 
will increase the droop rate and degrade performance. 
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INSTRUMENTATION AMPLIFIER WITH GAIN OF TEN 
Figure 30. Wide Bandwidth Instrumentation Amplifier 


The AD644 in the circuit of Figure 30 provides highly accurate 
signal conditioning with high frequency input signals, It pro- 
vides an offset voltage drift of 10uV/°C, CMRR of 80dB over 
the range of dc to 10kHz and a bandwidth of 200kHz (-3dB) 
at 20V p-p output. The circuit of Figure 30 can be configured 
for a gain range of 1 to 1000 with a typical nonlinearity of 
0.01% at a gain of 10. 


ANALOG 
DEVICES 


Ultra-Low Drift 


Dual BIFET Op Amp 


AD647 


FEATURES 

Low Offset Voltage Drift 

Matched Offset Voltage 

Matched Offset Voltage Over Temperature 
Matched Bias Current 

Crosstalk -124dB at 1kHz 

Low Bias Current: 35pA max Warmed Up 
Low Offset Voltage: 250uV max 

Low Input Voltage Noise: 2uV p-p 

High Open Loop Gain: 108dB 
Low Quiescent Current: 2.8mA max 

Low Total Harmonic Distortion 

Standard Dual Amplifier Pin Out 


PRODUCT DESCRIPTION 

The AD647 is an ultra low drift dual JFET amplifier that 
combines high performance and convenience in a single 
package. 


The AD647 uses the most advanced ion-implantation and 
laser wafer drift trimming technologies to achieve the highest 
performance currently available in a dual JFET. Ion-implan- 
tation permits the fabrication of matched JFETs on a mono- 
lithic bipolar chip. Laser wafer drift trimming trims both the 
initial offset voltage and its drift with temperature to provide 
offsets as low as 100uV (250uV max) and drifts of 2.5uV/°C 
max. 


In addition to outstanding individual amplifier performance, 
the AD647 offers guaranteed and tested matching performance 
on critical parameters such as offset voltage, offset voltage 
drift and bias currents. 


This high level of performance makes the AD647 especially 
well suited for high precision instrumentation amplifier 
applications that previously would have required the costly 
selection and matching of space wasting single amplifiers. 


The AD647 also offers high levels of performance for 


Digital to Analog Converter output amplifiers, and filtering 
applications. 


The AD647 is offered in four performance grades, three 
commercial (the J, K, and L) and one military (the S), All 
are supplied in hermetically sealed 8-pin TO-99 packages. 


AD647 FUNCTIONAL BLOCK DIAGRAM 


TO-99 
TOP VIEW 


PRODUCT HIGHLIGHTS 


1. 


The AD647 is guaranteed and tested to tight matching 
specifications to ensure high performance and to elimi- 
nate the selection and matching of single devices. 


. Laser wafer drift trimming reduces offset voltage and off- 


set voltage drifts to 250uV and 2.5uV/°C max. 


. Voltage noise is guaranteed at 4uV p-p max (0.1 to 


10Hz) on K, L and S grades. 


. Bias current (35pA K, L, S; 75pA J) is specified after 


five minutes of operation. 


5. Total supply current is a low 2.8mA max. 


. High open loop gain ensures high linearity in precision 


instrumentation amplifier applications, 


. The standard dual amplifier pin out permits the direct sub- 


stitution of the AD647 for lower performance devices. 
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SPECIFICATIONS (typical @ +25°C and Vs = +15V dc unless otherwise specitied) 


MODEL AD647JH AD647KH AD647LH AD647SH(AD647SH/883B)! 
OPEN LOOP GAIN 

Vout = t10V, Rt 2 2k2 100,000 min 250,000 min we as 

Ta = min to max 100,000 min © 250,000 min oe oe ; , 
OUTPUT CHARACTERISTICS 

Voltage @ Ry = 2k22, Ta = min to max +10V min (+12V typ) * ? . 

Voltage @ Ry = 10k2, Ta =mintomax  +12V min (+13V typ) * id : 

Short Circuit Current 25mA 7 ~ . 
FREQUENCY RESPONSE 

Unity Gain, Small Signal 1.0MHz . : . 

Full Power Response S 50kHz . . . 

Slew Rate, Unity Gain 3.0V/us i . 
a a 
INPUT OFFSET VOLTAGE? 1.0mV max 0.5mV max 0.25mV max ve 

vs. Temperature 10.0nV/°C max SuvirPC max 2.5uV/°C max 

vs. Supply, Ta = min to max 200uV/V max 100uV/V max whe i 
INPUT BIAS CURRENT 

Either Input? 10pA (75pA max) 10pA (35pA max) ve = 


Input Offset Current . SpA . 2pA ss ae 


MATCHING CHARACTERISTICS* 


Offset Voltage 1.0mV max 0.5mV max 0.25mV max ve 
vs. Temperature, Tinin - Tmax 10uV/°C max 5.0uV/°C max 2.5uV/°C max 3 
Input Bias Current 35pA max 25pA max si i 
Crosstalk—1kHz 20V p-p -124dB - bd ‘ 
INPUT IMPEDANCE ; 
Differential 10'? Q\|\6pF 7 . - 
Common Mode 10’? Q2\|6pF bi be . 
INPUT VOLTAGE RANGE 
Differential® +20V i * ‘ 
Common Mode — +10V min (£12V typ) ° i 
Common Mode Rejection, Vin = +10V 76dB min 80dB min ae s 
POWER SUPPLY 
Rated Performance +15V 7 7 
Operating +(5 to 18)V i ; : 
Quiescent Current 2.8mA max r mi : 
VOLTAGE NOISE 
0.1-10Hz 2uV p-p 4uV p-p max =e Ss 
10Hz 70nV//Hz. : : ‘ 
100Hz 45nV/A/Hz | : * * 
1kHz 30nV/A/Hz . : 
10kHz 25nVA/Hz : : 
TEMPERATURE RANGE 
Operating, Rated Performance - 0 to +70°C E f -55°C to +125°C 
Storage — -65°C to +150°C . : . 
PACKAGING OPTION® 
TO-99 Style (HO8B) AD647JH AD647KH AD647LH AD647SH 
NOTES ' : 
*The AD647SH/883B is an AD647SH which is inspected and “ Matching is defined as the difference between parameters of 
processed to the full requirements of MIL-STD-883, Level B. A the two amplifiers. 
complete listing of the tests is available on request. ‘Defined as the maximum safe voltage between inputs, such that 
? [Input Offset Voltage specifications are guaranteed after 5 minutes neither exceeds +10V from ground. 
of operation at Ta = +25°C. © See Section 20 for package outline information. 


> Bias current specifications are guaranteed maximum at either 
input after 5 minutes of operation at Ta = +25°C. For higher 
temperatures, the current doubles every 10°C. 


*Specifications same as AD647JH. 
**Specifications same as AD647KH. 


Specifications subject to change without notice. 
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Figure 4. Quiescent Current vs. 
Supply Voltage 
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Figure 7. Input Bias Current vs. 
CMV 
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Figure 10. Open Loop Frequency 
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Figure 12. Power Supply Rejection 
vs. Frequency 
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Figure 11. Open Loop Voltage 
Gain vs. Supply Voltage 
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Figure 23) 
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a. Unity Gain Follower b. Follower with Gain = 10 
Figure 19. T.H.D. Test Circuits 


Figure 21a. Unity Gain Follower Figure 21b. Unity Gain Follower Figure 21c. Unity Gain Follower 
Pulse Response (Large Signal) Pulse Response (Small Signal) 
4.99kQ : 


Figure 22a. Unity Gain Inverter Figure 22b. Unity Gain Inverter Figure 22c. Unity Gain Inverter 
Pulse Response (Large Signal) Pulse Response (Small Signal) 
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APPLICATION NOTES . : 

The AD647 is fully specified under actual operating condi- 
tions to insure high performance in any application, but there 
are some steps that will improve on even this high level of 
performance. 


The bias current of a JFET amplifier doubles with every 10°C 
increase in junction temperature. Any heat source that can be 
eliminated or minimized will significantly improve bias current 
performance. To account for normal power dissipation, the 
largest contributor to chip self-heating, the bias currents of the 
AD647 are guaranteed fully warmed up with +15V supplies. A 
decrease in supply voltage will decrease power consumption, 
resulting in a corresponding drop in bias currents. 


Open loop gain and bias currents, to some extent, are affected 
by output loading. In applications where high linearity is essen- 
tial, load impedance should be kept as high as possible to min- 
imize degradation of open loop gain. 


The outstanding ac and dc performancé of the AD647 make it 
an ideal choice for critical instrumentation applications. In 
such applications, leakage paths, line losses and external noise 
sources should be considered in the layout of printed circuit 
boards. A guard ring surrounding the inputs and connected to 
a low impedance potential (at the same level as the inputs) 
should be placed on both sides of the circuit board. This will 
eliminate leakage paths that could degrade bias current per- 
formance. All signal paths should be shielded to minimize 
noise pick-up. 
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NOTES: 
1. R3/R4 MATCH 0.05% OR BETTER. 
2. R1,R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED 


Figure 23. AD647 Used as DAC Output Amplifier 


Applications 
A CMOS DAC AMPLIFIER | 
The output impedance of a CMOS DAC, such as the AD7541, 
varies with digital input code. This causes a corresponding vari- 
ation in the noise gain of the DAC-amplifier combination. 
This noise gain modulation introduces a nonlinearity whose 
magnitude is dependent on the amount of offset voltage 
present. | 


Laser wafer drift trimming lowers the initial offset voltage and 
the offset voltage drift of the AD647, therefore minimizing 
the effect of this nonlinearity and its drift with temperature. 
This, in conjunction with the low bias current and high open 
loop gain, makes the AD647 ideal for DAC output amplifier 
applications. 


THE AD647 USED WITH THE AD7546 


Figure 24 shows the AD647 used with the AD7546 16-bit seg- 


ment DAC. In this application, amplifier performance is criti- 
cal to the overall performance of the AD7546. A1 is used as a 
dual precision buffer. Here the offset voltage match, low off- 
set voltage and high open loop gain of the AD647 ensure 
monotonicity and high linearity over the entire operating 
temperature range. A2 serves a dual function: amplifier A is a 
Track and Hold circuit that deglitches the DAC output and 
amplifier B acts as an output amplifier. The performance of 
the amplifiers of A2 is crucial to the accuracy of the system. 
The errors of these amplifiers are added to the errors due 
strictly to DAC imperfections. For this reason great care 
should be used in the selection of these amplifiers. The 
matching characteristics, low bias current and low tempera- 
ture coefficients of the AD647 make it ideal for this appli- 
cation. 
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Figure 24. AD647 Used with AD7546 16-Bit DAC 
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USING THE AD647 IN LOG AMPLIFIER APPLICATIONS 
Log amplifiers or log ratio amplifiers are useful in a wide range 
" of analog computational applications, ranging from the simple 
linearization of exponential transducer outputs to the use of 

' logarithms in computations involving multi-term products or 
arbitrary exponents. Log amps also facilitate the compression 
of wide ranging analog input signals into a range that can be 
easily handled using standard circuit techniques. 


The picoamp level input current and low offset voltage of the 
AD647 make it suitable for wide dynamic range log ampli- 
fiers. Figure 27 is a schematic of a log ratio circuit employing 
the AD647 that can achieve less than 1% conformance error 
over 5 decades of current input, 1nA to 100A. For voltage 
inputs, the dynamic range is typically 50mV to 10V for 1% 
error, limited on the low end by the amplifiers’ input offset 
voltage. 


Vout * - 1V LOGo t1/t2 
OR -1V LOG9 V1 /V 2 


MP318 Q1 


8 


NOTES : 
; CIRCUIT SHOWN FOR NEGATIVE V OR lin. 
-18V FOR POSITIVE INPUTS, Q1 = PNP, AND Va * -15V. 


+3600ppm Q81 


Figure 25. Log-Ratio Amplifier 


The conversion between current (or voltage) input and log 
output is accomplished by the base-emitter junctions of the 
dual transistor Q1. Assuming Q1 has 8 > 100, which is the case 
for the specified transistor, the base-emitter voltage on side 1 
is to a close approximation: 


VBE A= kT/q In 1,/Isq 


This circuit is arranged to take the difference of the Vgp’s of 
Q1A and Q1B, thus producing an output voltage proportional 
to the log of the ratio of the inputs: 


KkT 
Vout = -K(Vpe a - VBE B) =- a (In Iy/Igy -In I2/Is2) 
Vout =-K kT/q In 14 /I2 


The scaling constant, K is set by R1 and Ry to about 16, to 
produce a 1V change in output voltage per decade difference 
in input signals. Ryc is a special resistor with a +3500ppm/C 
temperature coefficient, which makes K inversely proportional 
to temperature, compensating for the “‘T”’ in kT/q. The log- 
ratio transfer characteristic is therefore independent of tem- 
perature. 


This particular log ratio circuit is free from the dynamic prob- 
lems that plague many other log circuits. The -3dB bandwidth 
is 5OkHz over the top 3 decades, 100nA to 100uA, and de- 
creases smoothly at lower input levels. This circuit needs no 
additional frequency compensation for stable operation from 
input current sources, such as photodiodes, which may have 
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100pF of shunt capacitance. For larger input capacitances a 
20pF integration capacitor around each amplifier will provide 
a smoother frequency response. 


This log ratio amplifier can be readily adjusted for optimum 
accuracy by following this simple procedure. First, apply V1 = 
V2 = -10.00V and adjust ‘“‘Balance”’ for Vout = 0.00V. Next 
apply V1 = -10.00V, V2 = =1.00V and adjust gain for Vout = 
+1.00V. Repeat this procedure until gain and balance readings 
are within 2mV of ideal values. 


ACTIVE FILTERS 

In active low pass filtering applications the dc accuracy of the 
amplifiers used is critical to the performance of the filter cir- 
cuits. DC error sources such as offset voltage and bias currents 
represent the largest individual contributors to output error. 
Offset voltages will be passed by the filtering network and 
may, depending on the design of the filter circuit, be ampli- 
fied and generate unacceptable output offset voltages. In filter 
circuits for low frequency ranges large value resistors are used 
to generate the low pass filter function. Input bias currents 
passing through these resistors will generate an additional off- 
set voltage that will also be passed to the output of the filter. 


The use of the AD647 will minimize these error sources and, 
therefore, maximize filter accuracy. The wide variety of per- 
formance levels of the AD647 allows for just the amount of 
accuracy required for any given application. 


AD647 AS AN INSTRUMENTATION AMPLIFIER 

The circuit shown in Figure 26 uses the AD647 to construct 
an ultra high precision instrumentation amplifier. In this type 
of application the matching characteristics of a monolithic 
dual amplifier are crucial to ensure high performance. 


NOTES 

Rg AND Rg ARE £1%, 2 10ppm/°C 
R3 AND R4 ARE 11%, :50ppm/*C. 

R5, R6, R7, RB ARE A MATCHED NETWORK, 
10.01%, £2ppm/°C TRACKING TC. 


+ DATA 
O.0wWF GUARD 


Figure 26. Precision FET Input Instrumentation Amplifier 


The use of an AD647L as the input amplifier Al, guarantees 
maximum offset voltage of 250uV, drift of 2.5uv/°C and bias 
currents of 35pA. A2 serves two less critical functions in the 
amplifier and, therefore can be an AD647}. Amplifier A is an 
active data guard which increases ac CMRR and minimizes 
extraneous signal pickup and leakage. Amplifier B is the out- 
put amplifier of the instrumentation amplifier. To attain the 
precision available from this configuration, a great deal of care 
should be taken when selecting the external components. 
CMRR will depend on the matching of resistors R1, R2, R3, 
and R4. The gain drift performance of this circuit will be 
affected by the matching TC of the resistors used. 


ANALOG 
DEVICES 


FEATURES 
Precision Input Characteristics 
Low Vos: 0.5mV max (L) 
Low Vos Drift: 5uV/°C max (L) 
Low Ip: 50nA max (L) 
— Low los: 5nA max (L) 
High CMRR: 90dB min (K, L) 
High Output Capability 
Ao} = 25,000 min, 1kQ. load (J, S) 
Tmin to Tmax 
Vo = £10V min, 1kQ load (J, S) 


GENERAL DESCRIPTION 

The Analog Devices AD741 series are high performance 
monolithic operational amplifiers, All the devices feature 
full short circuit protection and internal compensation. 


The Analog Devices AD741J, AD741K, AD741L and AD741S 
are specially tested and selected versions of the standard 
AD741 operational amplifier. Improved processing and ad- 
ditional electrical testing guarantee the user precision perform- 
ance at avery low cost. The AD741J, K and L substantially 
increase overall accuracy over the standard AD741C by pro- 
viding maximum limits on offset voltage drift and significantly 
reducing the errors due to offset voltage, bias current, offset 
current, voltage gain, power supply rejection, and common 
mode rejection, For example, the AD741L features maximum 
offset voltage drift of 5uV/°C, offset voltage of 0.5mV max, 
offset current of 5nA max, bias current of 50nA max, and a 
CMRR of 90dB min. The AD741S offers guaranteed perform- 
ance over the extended temperature range of -55°C to 
+125°C, with max offset voltage drift of 154V/°C, max off- 
set voltage of 4mV, max offset current of 25nA, and a minti- 
mum CMRR of 80dB. 
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HIGH OUTPUT CAPABILITY 

Both the AD741J and AD741S offer the user the additional 
advantages of high guaranteed output current and gain at low 
values of load impedance. The AD741J guarantees a 
minimum gain of 25,000 swinging +10V into a 1k{2 load 
from 0 to +70°C. The AD741S guarantees a minimum gain 
of 25, 000 swinging +10V into a 1kQ load from -55°C to 
+125°C. 


All devices feature full short circuit protection, high gain, high 
common mode range, and internal compensation. The 
AD741J, K and L are specified for operation from 0 to 
+70°C, and are available in both the TO-99 and mini-DIP 
packages. The AD741S is specified for operation from 
—55°C to +125°C, and is available in the TO-99 package. 
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SPECIFICATIONS (typical @ 125°C and +15V de, unless otherwise specified) | 


AD741C AD741 AD741) 
Model Min - | ‘yp Max — Min | Typ Max - Min- Typ — Max Units 


OPEN LOOP GAIN | 
Ry = 1kQ2, Vo = +10V 
Ry = 2kQ, Vo = +10V 
TA.= min to max Ry = 2kQ2 


OUTPUT CHARACTERISTICS 
Voltage @ Ry = 1kQ, Ta = min to max 
Voltage @ Ry = 2kQ, Ta = min to max 
Short Circuit Current 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response? 
Slew Rate 
Transient Response (Unity Gain) 
Rise Time Cy < 10V p-p 
Overshoot 
INPUT OFFSET VOLTAGE 
Initial, Rg < 10k{, Adj. to Zero 
Ta = min to max 
Average vs. Temperature (Untrimmed) 
vs. Supply, Ta = min to max 


INPUT OFFSET CURRENT 


50,000 200,000 


20,000 200,000 50,000 200,000 


Initial 20 200 20 200 5 50 nA 

Ta = min to max _ 40 300 85 500 100 nA 

Average vs. Temperature 0.1 nA/°C 
INPUT BIAS CURRENT 


Initial 
Ta = min to max 
Average vs. Temperature 


INPUT IMPEDANCE DIFFERENTIAL 


INPUT VOLTAGE RANGE! 
Differential, max Safe 
Common Mode, max Safe 
Common Mode Rejection, 
Rs = S 10kQ2, Ta = min to max, 
Vin =+12V 


POWER SUPPLY 
Rated Performance 
Operating 
Power Supply Rejection Ratio 
Quiescent Current 
. Power Consumption 


Ta = min 
Ta = max 
TEMPERATURE RANGE 
Operating Rated Performance 0 +70 -55 +125 0 +70 =C 
Storage -65 +150 -65 +150 -65 +150 = 
NOTE 


1 For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
Specifications subject to change without notice. 


Standard Nulling Offset Circuit 
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SPECIFICATIONS (typical @ +25°C and +15V dc, unless otherwise stil : oP) . : _ 7 at | 


1See Section 20 for package outline information. 


MIL-STANDARD-883 
The AD741S and AD741 are available with screening to 
MIL-STD-883, Method 5004, Class B. 


hoe AD741K AD741L AD741S 
Model Min Typ Max _ Min Typ Max Min Typ Max Units 
OPEN LOOP GAIN . 
Ry = 1kQ, Vo = +10V 200,000 V/V 
Ry = 2kQ, Vo = +10V 50,000 200,000 V/V 
Ta = min to max Ry = 2kQ 25,000 V/V 
OUTPUT CHARACTERISTICS 
Voltage @ Ry = 1kQ, Ta = min to max Vv 
Voltage @ Ry = 2kQ, Ta = min to max Vv 
Short Circuit Current mA 
FREQUENCY RESPONSE 
Unity Gain, Small Signal MHz 
Full Power Response kHz 
Slew Rate V/us 
Transient Respone (Unity Gain) 
Rise Time Us 
Oversh oot % 
INPUT OFFSET VOLTAGE 
Initial, Rg <10kQ, Adj. to Zero mV 
Ta = min to max mV | 
Average vs. Temperature duicemee) uV/C 
vs. Supply, Ta = min to max pV/V 
- INPUT OFFSET CURRENT 
Initial nA 
Ta = min to max nA . 
Average vs, Temperature nA/ C 
INPUT BIAS CURRENT 
Initial nA 
Ta = min to max nA 3 
Average vs, Temperature nA/C 
INPUT IMPEDANCE DIFFERENTIAL MQ 
INPUT VOLTAGE RANGE! 
Differential, max Safe Vv 
Common Mode max Safe wv 
Common Mode Rejection, 
Rg <10kQ, Ta = min to max . 
Vin = £12V dB 
POWER SUPPLY 
Rated Performance V 
Operating Vv. 
‘Power Supply Rejection Ratio V/V 
Quiescent Current mA 
Power Consumption mW 
Ta = min mW 
Ta = max mW 
TEMPERATURE RANGE 
Operating Rated Performance 0 +70 0 +70 -55 +125 °C 
Storage +150 -65 +150 -65 +150 is 6 
NOTE 
’ For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage. 
Specifications subject to change without notice. 
ORDERING GUIDE ABSOLUTE MAXIMUM RATINGS 2 
Temperature Initial Off- ; : 
Model Range Package’ Set Voltage Absolute Maximum Ratings AD741,J,K,L,S AD741C 
AD741CN 0 to +70°C MINI-DIP (N8A) 6.0mV Supply Voltage aeaN. . 118V 
AD741CH 0 to +70°C TO-99 6.0mV Internal Power Dissipation 500mW 500mW 
AD741JN Oto +70°C MINI-DIP (N8A) 3.0mV ~ Differential Input Voltage +30V +30V 
AD741JH 0 to +70°C TO-99 3.0mV Input Voltage 415V t15V : 
AD741KN 0 to +70°C MINI-DIP (N8A) 2.0mV Storage Temperature Range -65 Cto+150 C -65 Cto +150 C 
° Le} fe) 
AD741KH 0 to +70°C TO-99 2.0mV Lead Temperature 300 C 300 C 
AD741LN - 0 to +70°C MINI-DIP (N8A) 0.5mV (soldering, 60 seconds) 
AD741LH 0 to +70°C TO-99 0.5mV Output Short Circuit Duration Indefinite? Indefinite 
AD741H -55°C to +125°C’’ TO-99 5.0mV NOTES 
AD741SH -5 5°C to +12 5°C TO-99 2.0mV ’ Rating applies for case temperature to + 125°C. Derate TO-99 linearity 
AD741SH/883B -55°C to +125°C TO-99 2.0mV at 6.5mW/°C for ambient temperatures above +70°C. 


? Rating applies for shorts to ground or either supply at case temperatures 
to +125°C or ambient temperatures to +75°C, 
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- Typical Performance Curves 
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ANALOG oe ~ Wideband, 
DEVICES Fast-Settling FET-Input Op Amp 


FEATURES 

Very High Slew Rate: 1000V/ps 

Fast Settling: 150ns max to +0.05% 

Gain Bandwidth Product: 1.7GHz typical 

High Output Current: 100mA min @ Vout = 10V 
Full Differential Input 


‘AD3554 FUNCTIONAL BLOCK DIAGRAM 4 


TO-3 STYLE 
BOTTOM VIEW 


PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 

The AD3554 is a FET-input, hybrid operational amplifier 1. The high slew rate (1000V/us min) and fast settling time 
that features an excellent combination of high slew rate, fast to 0.01% (250ns max) make the AD3554 ideal for D/A, 
settling time and large gain-bandwidth product. The AD3554 A/D, sample-hold circuits and high speed integrators. 

J dae differential input with matched input FETs for low 2. Laser trimming techniques reduce offset voltage to as low 
OSCE VOMABE: as ImV max (AD3554B), thus eliminating the need for 
The AD3554 can supply +100mA at 10 volts. The slew rate external nullling in many applications. 

is 1000V/us minimum; 1200V/us Is typical. Settling time 3. Very high gain-bandwidth product (1.7GHz typically at 


A ‘ 
ba coe i ung value venly a7 ons when eontpured ea A = 1000) makes the AD3554 an ideal choice for high 
unity gain amplifier. The user can optimize the combination 
of bandwidth, slew rate, and settling time for a particular ap- 


plication by selecting the external compensation capacitor. 4. FET inputs result in a low bias current (SOpA max, 10pA 
typ) in a high gain-bandwidth product operational amplifier. 


frequency amplifier applications. 


The AD3554 is recommended for any operational ampli- 


fier application where speed and bandwidth are important 5. Full differential input makes the AD3554 ideal for all 
considerations. The high slew rate and fast settling time make standard operational amplifier applications such as high 
theAD3554 an excellent choice foruse in fast.D/ Aeon: speed integrators, differentiators, high gain amplifiers, 
verters, fast current amplifiers, integrators, waveform gener- etc. 

ators and multiplexer buffers. 6. The 100mA at 10V output makes the AD3554 suitable 
The AD3554 is available in three versions: the ‘‘A”’ and “B”’ for many applications that require high output power, 


are specified over the -25°C to +85°C temperature range and such as cable drivers. 


“S” over the -55°C to +125°C operating temperature range. 
All devices are packaged in the hermetically-sealed TO-3 style 
metal can. 


OPERATIONAL AMPLIFIERS VOL. 1, 4-115 


. is 
OR 
a7 


SPECIFICATIONS iypise-2rcmvs-st5vseunm 


] 


otherwise specified) 


MODEL AD3554A AD3554B AD3554S 
OPEN LOOP GAIN 
No, Load ~ 106dB (100dB min) . 
Ry, = 100Q 96dB (90dB min) * 
OUTPUT CHARACTERISTICS 
Voltage @ Ig = +100mA +11V (+10V min) : zm 
Output Resistance, Open Loop @ f = 10MHz 202 
Current @ Vo = +10V +125mA (+100mA min) ba of 
FREQUENCY RESPONSE 
Bandwidth (OdB, Small Signal, Cr = 0)! 90MHz (70MHz min) + * 
Gain-Bandwidth Product, Cr = 0,' 
G = 10V/V 225MHz (150MHz min) 7 
G = 100V/V 725MHz (425MHz min) bs 
G = 1000V/V 1700MHz (1000MHz min) . 
Full Power Bandwidth, Crp = 0, Vo = 20V p-p, 
Ry = 1002! 19MHz (16MHz min) : . 
Slew Rate, Cr = 0, Vo = 20V p-p, 
Ry = 1002 1200V/us (1000V/ps min) * * 
Settling Time’, A = -1, to 1% 60ns * : 
to +0.1% 120ns * * 
to 0.05% 140ns (150ns max) - . 
to +0.01% 200ns (250ns max) hs : 
INPUT OFFSET VOLTAGE 0.5mV (2.0mV max) 0.2mV (1.0mV max) baa 
vs. Temperature 20uV/°C (50uV/°C max) 8uV/C (15uV/°C max) 12uV/°C (25uV/°C max) 
vs. Supply, Ta = min to max 80uV/V (300UV/V max) . . 
INPUT BIAS CURRENT 
Either Input? 10pA (SOpA max) * * 
vs. Supply Voltage 1pA/V * * 
INPUT IMPEDANCE 
Differential 10'' Q\l2pF x 
Common Mode 10'' O|l2pF : 
INPUT VOLTAGE RANGE 
Max Safe Input Voltage +Vcc * i 
Common Mode "  4(lVec |-4) * * 
Common Mode Rejection, Voy = +7V,-10V 78dB (44dB min) * * 
POWER SUPPLY 
Rated Performance +15V - * 
Operating +(5 to 18)V + * 
Quiescent Current 28mA (45mA max) * * 
INPUT NOISE 
Voltage, fy = 1Hz 125nV/A/Hz Cte ee max)! * ‘ 
f. = 10Hz 50nV//Hz (160nV//Hz max)! . J 
fy = 100Hz 25nV//Hz (90nV/\/Hz max)! : * 
fy = 1kHz 15nV/A/Hz (5OnV/A/Hz max)! . . 
fy = 10kHz 10nVA/Hz (35nV/A/Hz max)! * * 
fy = 100kHz 8nV//Hz (25nV/A/Hz max)! ‘ * 
f, = IMHz TV A/Hz (25nV/A/Hz max)! * . 
fg = 0.3Hz to 10Hz 2uV, p-p (7LV, p-p max) - i 
fg = 10Hz to 1MHz 8uV, mms (25uV, rms max) * * 
Current, fg = 3Hz to 10Hz 45fA, p-p 3 s 
fg = 10Hz to 1MHz 2pA, rms . * 
TEMPERATURE RANGE 
Operating, Rated Performance -25°C to +85°C -55°C to +125°C 
Storage -~65°C to +150°C : a 
PACKAGE OPTION? TO-3 Style (H08-C) AD3554AH AD3554BH AD3554SH 
NOTES 
This parameter is guaranteed but not tested. This specification is >See Section 20 for package outline information. 
established to a 90% confidence level. *Specifications same as AD3554A. 
? Bias Current specifications are guaranteed maximum at cither input **Specifications same as AD3554B. 
at Ta = +25°C. For higher temperatures, the current doubles every Specifications subject to change without notice.. 
10 C, 


TYPICAL APPLICATION 
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+Vs5 


X10 Inverting Amplifier 
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ANALOG 
DEVICES 


FEATURES 
‘2nd Source; Replaces All LHOO32G 

High Slew Rate; 500V/us 

Wide 70MHz Bandwidth 

Operation Guaranteed -55°C to +125°C (ADLH0032G) 
High Input Impedance of 10!? 2 

2mV Input Offset Voltage 


APPLICATIONS 

High Speed DAC Comparators 
ADC and SHA Input Buffers 
High Speed Integrators 

Video Amplifiers 


GENERAL DESCRIPTION 

The ADLH0032G and ADLHO0032CG are high slew rate, high 
input impedance, differential operational amplifiers, suitable 
for numerous applications in high-speed signal processing. 
These second source devices are the same in every character- 
istic as other LHO032G/LH0032CG amplifiers, and thus are 
particularly suited for comparator applications due to their 
high allowable differential input capabilities (+15V), ease of 
output clamping, and high output drive capabilities. 


Featuring a wide 70MHz bandwidth, high input impedance 
(10'?Q), and high output drive capacity, the ADLH0032G 
and ADLH0032CG have already been designed into such 
applications. as summing amplifiers in high-speed DACs, Buffer 
Amps in ADCs and high-speed SHAs, as well as other applica- 
tions normally reserved for special purpose video amplifiers. 


The ADLH0032G is guaranteed over the entire MIL tempera- 
ture range from -55°C to +125°C, while the commercial grade 
ADLHO0032GG is guaranteed from -25°C to +85°C. Both 
devices are packaged in a TO-8 metal can package. The 
ADLH003 2G is available screened to MIL-883B requirements 
(see ordering guide). 


of ae 


- Ultra Fast FET 
Operational Amplifier 
ADLH0032G /ADLHO0032CG 


ADLH0032G/ADLH0032CG 
FUNCTIONAL BLOCK DIAGRAM 


INVERTED 
INPUT 


OUTPUT 
COMPENSATION 
TO-8 PACKAGE 
BOTTOM VIEW 


Figure 2. Output Short Circuit Protection 
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SPECIFICATIONS __ 


Model ADLH0032G, ADLH0032CG 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage. +18V 

Power Dissipation See Characteristic Curves 

Differential Input Voltage +30V 

Input Voltage : Vo 

Operating Temperature Range ADLH0032G -55°C to +125°C 

ADLH0032CG -25°C to +85°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (soldering, 10sec) 300°C 
ADLH0032G 

Parameter Conditions buwad Units 
DC ELECTRICAL CHARACTERISTICS’ | 

Input Offset Voltage? Tj = +25°C L mV 

Input Offset Current Ty = +25°C Co 10 pA 

nA 
Input Bias Current Tj = +25°C 10 100 Et ZS 200 pA 
er 


Average Offset Voltage Drift 
Large Signal Voltage Gain Vout = 110V, F = 1kHz, 
| Ry = 1kQ, Tce = +25°C | 60 
Vout = £10V, Ry = 1kQ, 


S Nm wr 
~xJ 
Oo oS © 
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nN 
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NIN NW Ni ie) wr 2 
oOlo © (=) wm S 


wn InN OX ie) wm ie) 
So . ws 
<< 


NI] iw) wm NN] w 
aloe rn) =) wm anlio 


F = 1kHz 57 dB 
Input Voltage Range +10 | +12 +10 | +12 
Output Voltage Swing Ry = 1k +10 +13.5 +10 +13 
Power Supply Rejection Ratio AVs = +10V | | dB 
Common Mode Rejection Ratio AV; =10V dB 
Supply Current To =+25 C aa 22 mA 
AC ELECTRICAL CHARACTERISTICS? lee 
Slew Rate Ay = +1, AVyy = 20V 350 500: V/s 
Settling Time - 
to 1% of Final Value Ay =-1, AVin = 20V 100 100 ns 
Settling Time Lee 
to 0.1% of Final Value Ay =-1, AVjn = 20V = 300 ns 
Small Signal Rise Time Ay = +1, AVin = 1V | 8 an eae ns 
Small Signal Delay Time Ay = +1, AVjj = 1V | sf 10. 25s 
MTBF“ 
Meantime Between Failures 2.03 X 10° Hours 


PACKAGE OPTION? 


1 These specifications apply for Vg = +15V and -55°C to +125°C 
for the ADLH0032G and -25°C to +85°C for the ADLH0032CG. 

2 Due to high speed automatic test techniques employed these parameters 
are correlated to junction temperature. 

> These specifications apply for Vg = £15V, Ry = 1kQ, Tc = +25°C. 

* ADLH0032G/883 calculated per MIL-HNBK 217, Ground; Fixed; 
Temperature (Case) = 70°C. | 

5See Section 20 for package outline information. 

6 Refer to Package Type G = TO-8 Hermetically Sealed Can. 

7Specifies processing to MIL-883B. 

Specifications subject to change without notice. 


ORDERING INFORMATION® 


Model 
ADLH0032CG 
ADLH0032G 
ADLH0032G/883" 
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H12A H12A 


Temperature Range 
-25°C to +85°C 
-55°C to +125°C 
-55°C to +125°C 


Applying the ADLHO0326 /ADLH0032C6 


POWER SUPPLY DECOUPLING will affect the stray capacitances to all pins, therefore requiring 
The ADLH0032G/ADLH0032CG, like most high-speed cir- adjustment of all circuit compensation values. 

cuits, are sensitive to stray capacitances and layout. Power sup- 

plies should be bypassed as near to +V (Pins 10 and 12) as INPUT CAPACITANCE 

possible, using low inductance capacitors such as 0.01uF disc Inverting Input: 

ceramics. Components for compensation should also be For optimum performance, the inverting input should be 
located close to the appropriate pins to reduce stray capaci- compensated by a small capacitance, around 10pF, across the 
tances. A large ground plane area for low-impedance ground feedback resistor. This is because the 5pF input capacitance ' 
paths is highly recommended. may cause significant time constants with high-value resistors. 


The capacitor value may be changed somewhat depending on 


eee the effects of layout and closed loop gain. 


The ADLH0032G/ADLH0032CG are specified for operation 


without any heat sink. Since internal power dissipation does Noninverting Input: 

create a significant temperature rise, improved bias current To divert leakage currents away from the noninverting input 

performance can be achieved by using a small heat sink such and to reduce the effective input capacitance, it is desirable 

as the Thermalloy 2241 or equivalent. Since the case of the to bootstrap the case and/or a guard conductor to the in- © 

ADLH0032G/ADLH0032CG has no internal connection, it verting input. The resulting input capacitance of a unity gain : 

may be electrically connected to the heat sink. This, however, follower configured this way will be less than 1 picofarad. | # 
TYPICAL APPLICATIONS 


3pF 
10k 
ADLHO0032 | 
a 


Vet =-10V O 
Vet =+10V 9 


ADLHO0032 , 


- 7 1002 


INPUT © 


3-8pF 


TO ADDITIONAL 
SWITCHES 


OUTPUT 


O 
INPUT 


OUTPUT 
om ee ow a eee ow a) 


*USE POLYSTYRENE DIELECTRIC 
FOR MINIMUM DRIFT 


Vout = Be 


Figure 5. Current Mode Multiplexer Figure 7. High Speed Sample and Hold 
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‘Typical Performance Curves 
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ANALOG High Speed 
DEVICES Buffer Amplifiers 


-ADLHO033G /ADLH0033CG 


FEATURES | ADLH0033G/ADLH0033CG 

2nd Source- Replaces All LHO033G Series FUNCTIONAL BLOCK DIAGRAM 4 
Wide Bandwidth—dc to 100MHz_, a 

High Slew Rate—1500V/ps OFFSET Ve- 


Operates on Single or Dual Power Supplies ADJUST 
Operation Guaranteed -55°C to +125°C (ADLH0033G) OFFSET v- 
High 10” Q Input Impedance ' PRESET 
APPLICATIONS INPUT OUTPUT 


High-Speed Line Drivers 

Video Impedance Transformation 
High-Speed A/D Input Buffers 
Nuclear instrumentation Amplifiers 


NC V+ 


Coaxial Cable Drive NC 
BOTTOM VIEW 
TO-8 PACKAGE 
GENERAL DESCRIPTION used between the op amp’s output and the input of the 
The ADLH0033G and ADLH0033CG are superhigh speed ADLH0033G. 
(1500V/us slew rate) and high input impedance (10" Q) HEAT SINKING 
buffer amplifiers, designed to replace all LHO033 series To assure maximum output drive capability of the 


amplifiers in applications such as high-speed line drivers or as ADLH0033G/ADLH0033CG over temperature, heat sinks 
high impedance buffers for fast A/D converters and com- should be used. The cases are electrically isolated from the 
parators. circuit and thus may be connected to system grounds, 
The ADLH0033G and ADLH0033CG are rated for operation POWER SUPPLY BYPASSING 


SYS US Vo eee renee Orv te ee vale ee - To prevent oscillation, power supply bypassing is recommended. 
guaranteed over the temperature range of -55 C to +125 C,. Wee lowrindeeance ee niiedlne mice eceine lead lenech 

ps, keeping lead lengths as 
while the commercial grade ADLH0033CG is guaranteed over short as possible (1/4” to 1/2” max from device package), 
Rig tang’ OF =29"G ito ape cs connected between ground plane and each supply lead. Use 
Guaranteed operation over temperature of the ADLH0033G one or two 0.1yF caps in parallel with a 4.7uF tantalum for 
is achieved by using specially selected junction FET’s and the best results. 
latest state-of-the-art laser trimming techniques. They are 
available in the industry standard 12 pin TO-8 metal can. 
Screening to the requirements of MIL-883B is available. 


_ OPERATION WITHIN AN OP AMP LOOP qc 
When using the ADLH0033G/ADLH0033CG as a current = 
booster or isolation buffer with op amps such as LH0032, 

118, 741, etc., an isolation resistor of at least 47Q must be 2 


OUTPUT 


C=0.01pF 


Figure 2. Short Circuit Protection Using Current 
Limiting Resistors (RL 1M) 


Figure 1. Offset Adjustment 
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SPECIFICATIONS 


ADLH0033G ADLH0033CG 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V+ - V-) 40V 

Maximum Power Dissipation (see curves) | 1.5W 

Maximum Junction Temperature . 175°C 

Input Voltage Equal to Supplies 

Continuous Output Current +100mA 

Peak Output Current +250mA 

Operating Temperature ADLH0033G -55°C to +125°C 

ADLH0033CG -25°C to +85°C 

Storage Temperature Range 65°C to +150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 
Parameter __| Conditions min | ityp [max | min [typ | max_| units 


DC ELECTRICAL CHARACTERISTICS! fet eee dee ce I ef cd 


Input Bias Current 


Input Impedance 


Voltage Gain Vin = 1V rms, f = 1k lz, 
= 100k22 
Output Offset Voltage Rg = 100kQ, Tc = 25°C 
Rg = 100k2 
Output Offset Voltage TC | Rg = 100kQ, -55°C<T¢<125°C 
Output Impedance Vin = 1V mms, f = 1kHz 
Rs os 100k22, Ru -_ 1kQ 
Output Voltage Swing Ry = 1kQ — 


Ry. = 100Q, Tc = 25°C 
Vs = +5V, Ru a 1kQ 


Supply Current Vin = OV, Vs = #15V 20 22 21 24 mA 
Vs = +5V 18 18 mA 
Power Consumption Vin = OV, Vs = £15V 600 660 630 720 mW 


Vg = $5V 180 


Slew Rate Vin = £10V V/us 
Bandwidth Vin = 1V rms MHz 
Phase Nonlinearity BW = 1 to 20MHz Degrees 
Rise Time AVin = 0.5V ns 
Propagation Delay AVin = 0.5V ns 
Harmonic Distortion f>1kHz % 
MTBF? | 
Meantime Between Failure| 5.5 X 10° ere 
PACKAGE OPTION* H12A 
1 Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12, -15V ORDERING INFORMATION 
applied to pins 9 and 10, and pin 6 connected to pin 7. 
? Unless otherwise noted, specifications apply over a temperature range, -55°C<TC<+125°C Model Temperature Range 
for the ADLH0033G, and -25° Cates ee C for the ADLHOO33CG. Typical values shown ADLH0033CG -2§°C to +85°C 
are for Tc = 25°C. ADLH0033G -55°C to +125°C 


3 ADLH0033G/883 calculated per Mil Handbook 217. Ground: Fixed; Temperature (case) = 70° C. ‘ = m= 
“See Section 20 for package outline information. ADLH0033G/883 -55 Cto +125 C 


5 Specifies processing to MIL-883B. 
Specifications subject to change without notice. 
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LAYOUT CONSIDERATIONS 

As is the case with any high-speed design, proper layout is 
critical to avoid the introduction of unnecessary errors due to. 
high-frequency coupling, stray capacitance, and the like. 


Large ground planes should be used whenever possible to 
provide a low resistance, low inductance circuit path, as well . _ 
. as shielding the effects of high-frequency coupling. Sockets 
should be avoided, as the increased inter-lead capacitance can 
degrade bandwidth. Input and output connections should be 
kept as short as practical. 


OFFSET ADJ USTMENT 

The ADLH0033G/ADLH0033CG are factory trimmed for 
output voltage offsets well within the guaranteed limits, 
thereby eliminating the need to calibrate each device in- 
dividually. To use this feature, simply connect Pin 6 (OFFSET 
PRESET) to Pin 7 (OFFSET ADJUST). 


When it is desirable to eliminate any errors due to output 
offsets, the circuit of Figure 1 may be used to adjust these 
errors to zero. 


SHORT CIRCUIT PROTECTION 

The circuit of Figure 2 is used to protect the ADLH0033G/ 
ADLH0033CG from short circuits on the output. The value 
of Ry jm is determined by the following: 


| V+ V- 
RLM = "a 
sc sc 
Where I, = Output Current under short circuit condi- 
tions <100mA. 


Note that output voltage swing will also be somewhat limited 
in this configuration; however, decoupling of Pins 1 and 9 
through disc type capacitors to ground as shown in Figure 2 
will restore full output swing and slew rate. 


OPERATION WITH ASYMMETRICAL SUPPLIES 

Since Symmetrical Power Supplies may not always be desirable 
or available, the ADLH003 3G/ADLH0033CG is designed to 
operate on Asymmetrical Supplies. This causes an apparent 
output offset; however, this is because of the amplifier’s gain 
of less than unity. To accurately predict the output voltage 
shift due to Asymmetrical Supplies, use the following formula: 


we = 0.005 (V+-V-) 


Avo (1 - Ay) 


Where Ay = No Load Voltage Gain, typically 0.99 
V+ = Positive Supply Voltage 
V- = Negative Supply Voltage 


Of course, these apparent offsets may be adjusted to zero by 
using the circuit shown in Figure 1, OFFSET ADJ USTMENT. 


CAPACITIVE LOADING 

The ADLH0033G/ADLH0033CG have been designed to drive 
capacitive loads of several thousand picofarads (such as 
coaxial cable) without oscillation. In these applications, peak 
current resulting from (C X dv/dt) should be limited below the 
absolute maximum peak current rating of +250mA. 


Also, power dissipation due to driving capacitive loads plus 
standby power should be kept below the. total power rating 
of 1.5W. 


‘Applying the ADLH0033G /ADLHO033CG 


Rum 
0.1pF 1002 1W(0.001uF 


INPUTO 


SELECT C1 FOR OPTIMUM 
v- PULSE RESPONSE 


Figure 3. Coaxial Cable Drive 


R1 
79.5 


J 
OUTPUT 


Figure 4. Wideband Two Pole High Pass Filter 


+15V 
e 


OUTPUT 
(UNTERMINATED) 


V- 


Figure 6. High Speed Shield/Line Driver 
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Typical Performance Curves 
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Input Bias Current vs Temperature 
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Output Voltage vs Supply Voltage 
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Negative Pulse Response 
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OUTPUT OF FSET VOLTAGE — +mV 


1.0 


TEMPERATURE - °C 


Rise and Fall Time vs Temperature 
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Output Offset Voltage vs Temperature 
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ANALOG Ultra-Low Offset 
DEVICES — — Voltage Op Amp 


AD OP-07 


FEATURES AD OP-07 FUNCTIONAL BLOCK DIAGRAM 
Ten Times More Gain Than Other OP-07 Devices 


(3.0M min) NGL 
Ultra-Low Offset Voltage: 10u.V | Le: 
Ultra-Low Offset Voltage Drift: 0.2uV/°C 


Ultra-Stable vs. Time: 0.2uV/month 
Ultra-Low Noise: 0.35uV p-p 

No External Components Required 
Monolithic Construction -IN @) > (6) OUTPUT 
High Common Mode Input Range: +14.0V : 


Wide Power Supply Voltage Range: +3V to +18V 
Fits 725, 108A/308A, 741 Sockets 


-Vs 
TO-99 
TOP VIEW 
PRODUCT DESCRIPTION | PRODUCT HIGHLIGHTS 
_ The AD OP-07 is an improved version of the industry-standard 1. Increased open-loop voltage gain (3.0 million, min) results 
OP-07 precision operational amplifier. A guaranteed minimum in better accuracy and linearity in high closed-loop gain 
open-loop voltage gain of 3,000,000 (AD OP-07A) represents applications. . 
an OFC EE Ormag nity ce up rove ment over older desions; tris 2. Ultra-low offset voltage and offset voltage drift, combined 


affords increased accuracy in high closed loop gain applica- 
tions. Input offset voltages as low as 10uV, bias currents of 
0.7nA, internal compensation and device protection eliminate 
the need for external components and adjustments. An input 
offset voltage temperature coefficient of 0.2uV/°C and long- 

term stability of 0.2uV/month eliminate recalibration or loss 
of initial accuracy. 


with low input bias currents, allow the AD OP-07 to main- 
tain high accuracy over the entire operating temperature 
range. | 


3. Internal frequency compensation, ultra-low input offset 
voltage and full device protection eliminate the need for 
additional components. This reduces circuit size and com- 


lexity and i s reliability. 
A true differential operational amplifier, the AD OP-07 has a Bee re eet 


high common mode input voltage range (+14V) high common 
mode rejection ratio (up to 126dB) and high differential input 
impedance (50M); these features combine to assure high ac- 


4. High input impedances, large common mode input voltage 
range and high common mode rejection ratio make the 
AD OP-07 ideal for noninverting and differential instrumen- 


curacy in noninverting configurations. Such applications in- _ tation applications. 

clude instrumentation amplifiers, where the increased open- 5. Monolithic construction along with advanced circuit design 
loop gain maintains high linearity at high closed-loop gains. and processing techniques result in low cost. 

The AD OP-07 is available in five performance grades. The AD 6. The input offset voltage is trimmed at the wafer stage. Un- 
OP-07E, AD OP-07C and AD OP-07D are specified for opera- mounted chips are available for hybrid circuit applications. 


tion over the 0 to +70°C temperature range, while the AD 
OP-07A and AD OP-07 are specified for -55°C to +125°C 
operation. Processing to the requirements of MIL-STD-883, 
Class B, is available on the AD OP-07 and AD OP-O7A. All 
devices are packaged in TO-99 hermetically-sealed metal cans, 
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SPECIFICATIONS (Ta =+25°C, Vs = +15V, unless otherwise er 


PARAMETER SYMBOL | MIN TYP MAX MIN TYP MAX 
OPEN LOOP GAIN . Avo 2,000 5,000 
1,800 4,500 
300 1,000 
OUTPUT CHARACTERISTICS ; 
Maximum Output Swing Vom +12.5 +13.0 
+12.0 +12.8 
+10.5 +12.0 
+12.0 412.6 
Open-Loop Output Resistance Ro 60 
FREQUENCY RESPONSE 
Closed Loop Bandwidth BW 0.6 0.6 
Slew Rate SR 0.17 0.17 
INPUT OFFSET VOLTAGE 


Initial 


Adjustment Range 
Average Drift 
No External Trim 
With External Trim 


Long Term Stability 


INPUT OFFSET CURRENT 
Initial 
1.6 


Average Drift TClgs 


5 12 (0) 
(Note 3) (Note 3) 


INPUT BIAS CURRENT 
Initial 


Average Drift 


INPUT RESISTANCE 
Differential 
Common Mode 


INPUT NOISE 
Voltage 
Voltage Density 


Current 
Current Density 


INPUT VOLTAGE RANGE 
Common Mode CMVR 


+13.0 +14.0 
+13.0 +13.5 


+13.0 
+13.0 +13.5 
106 123 

103 


Common Mode Rejection Ratio CMRR 


POWER SUPPLY 
Current, Quiescent 
Power Consumption 


Rejection Ratio 


OPERATING TEMPERATURE 
RANGE 


PACKAGE OPTION® 
TO-99 Style — (HO8B) AD OP-07EH AD OP-07CH 
Mini-Dip — (N8A) AD OP-07EN AD OP-07CN 


NOTES: 
1The AD OP-07A and AD OP-07 are available processed to MIL-STD-883, Class B. Order AD OP-07AH-883B or AD OP-07H-883B. 
Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
power. Additionally, AD OP-07A offset voltage is measured five minutes after power supply application at 25°C, -55°C and +125°C. 
3 Parameter is not 100% tested; 90% of units meet this specification. 
“Long Term Input Offset Voltage Stability refers to the averaged trend line of Vos vs. Time over extended periods of time 
and is extrapolated from high temperature test data, Excluding the initial hour of operation, changes in Vog during the first 
30 operating days are typically 2.54V — Parameter is not 100% tested: 90% of units meet this specification. 
5See Section 20 for package outline information. 


Specifications subject to change without notice. 
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MIN 


1,200 
1,000 
300 


412.9 
¥11.5 


+11.0 


+13.0 
+13.0 
94 
94 


90 
86 


AD OP-07D 
TYP MAX 
4,000 
4,000 
1,000 
+13.0 
+12.8 
+12.6 
60 
0.6 
0.17 
60 150 
85 250 
+4 
(Note 3) 
0.7 2.5 
0.7 2.5 
(Note 3) 
0.5 3.0 
0.8 6.0 
1.6 8.0 
12 50 
(Note 3) 
+2.0 +12 
+3.0 +14 
8 50 
Note 3) . 
31 
120 
0.38 0.65 
10.5 20.0 
10.2 13.5 
9.8 11.5 
15 35 
0.35 0.90 
0.15 0.27 
0.13 0.18 
+14.0 
+13.5 
110 
106 
3.5 5.0 
105 150 
6.0 8.4 
104 
100 
+70 
AD OP-07DH 
AD OP-07DN 


“AD oP-07A' AD OP-07! A © 
MIN TYP MAX | MIN = TYP MAX TEST CONDITIONS UNITS 
3,000 5,000 Ry 22kQ, Vo = +10V V/mV 
2,000 4,000 Ry 22kQ, Vo = +10V, Tmin to Tmax | V/mV 
300 1,000 Ry 2500Q, Vo = +0. SV, Vs = +3V V/imV 
+12.5 +13.0 Ry 210kQ V 
+12.0 +12.8 Ry 22k Vv 
+10.5 +12.0 Ry 21k Vv 
+12.0 +12.6 Ry =2kQ, Tmin tO Tmax Vv 
60 Vo = 9, 19 = 0 Q 
0.6 
0.17 
10 25 Note 2 uv 
25 60 Note 2, Tmin tO Tmax UV 
+4 Rp = 20kQ22 mV 
0.2 0.6 Taste Tne uVPC 
0.2 0.6 Rp = 20kQ, Tmin tO Tmax pvc 
0.2 1.0 Note 4 LV/Month 
0.3 2.0 nA 
0.8 | 4.0 nA 
5 25 pA°c 
+0.7 +2.0 nA 
+1.0 +4.0 nA 
8 25 pA/°C 
30 80 
200 
0.35 0.6 0.1Hz to 10Hz, Note 3 
10.3 18.0 fo = 10Hz, Note 3 
10.0 13.0 fo = 100Hz, Note 3 
9.6 11.0 fo = 1kHz, Note 3 
14 30 0.1Hz to 10Hz, Note 3 
0.32 0.80 fo = 10Hz, Note 3 
0.14 0.23 fo = 100Hz, Note 3 
0.12 0.17 fo = 1kHz, Note 3 
+13.0 +14.0 +13.0 +14.0 
+13.0 +13.5 +13.0 +13.5 g Bg co as He 
110 126 110 126 Vom = +*CMVR 
106 123 106 123 Vom = tCMVR, Tmin tO Tmax 
3.0 4.0 Vs = +15V 
90 120 Vs = +15V 
6.0 8.4 Vs = $3V 
100 110 Vs = +3V to t18V 
94 106 = +3V to +18V, Tmin tO Tmax 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage . ic wie eines Ree eer rere +22V Storage Temperature Ranges. «ie uate 2% 
Internal Power Dissipation (Note 1) ..........45 500mW Operating Temperature Range 
Differential Input Voltage... 0.0... ee eee ee +30V OP-O7A; OP-O7 0 oe agua WSR ee eS 
Input Voltage (NOte 2)» i:at.c's tc naw ak ORE Bae +22V OP-07E, OP-07C,.OP-07D.......... 
Output Short Circuit Duration... ........ 2065 Indefinite Lead Temperature Range (Soldering, 60sec) 
NOTES: 
Note 1: Maximum package power dissipation vs. ambient temperature. 
Maximum Ambient Derate Above Maximum 
Package Type Temperature for Rating Ambient Temperature 
TO-99 (H) 80°C 7.1mW/°C 


Note 2: For supply voltages less than +22V, the absolute maximum input voltage is equal to the supply voltage. 


+15V 
e 


3.3kQ OUTPUT 


(~10Hz FILTER) 


2.5MQ. 


Vo 5mV/cm 


INPUT REFERRED NOISE = 35000 ~ 3B000* 200nV/cm 


SEE NOISE PHOTO, NEXT PAGE 


Low Frequency Noise Test Circuit 


200k2 


AD OP-07 


Offset Voltage Test Circuit 


= -1 


ALL OTHER PINS 
ARE NOT CONNECTED 


O 
8V 


Burn-!n Circuit 
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. -65°C to +150°C 


.-55°Cto +125°C 
- eee. Oto +70°C 


300°C 


__ Applying the AD OP-07 | 


The AD OP-07 may be directly substituted for other OP-07’s moved (or referenced to +Vg). Input offset voltage of the AD 
as well as 725, 108/208/308, 108A/208A/308A, 714, OP-05 OP-07 is very low, but if additional nulling is required, the cir- 
or LM11 devices, with or without removal of external fre- cuit shown in Figure 1 is recommended. 


quency compensation or offset nulling components. If used to . 


The AD OP-07 provides stable operation with load capaci- 
replace 741 devices, offset nulling components must be re- 


tances up to 5OOpF and +10V swings; larger capacitances 
should be decoupled with 502 resistor. 


Stray thermoelectric voltages generated by dissimilar metals 
(thermocouples) at the contacts to the input terminals can pre- 
vent realization of the drift performance indicated. Best opera- 
tion will be obtained when both input contacts are maintained 
at the same temperature, preferably close to the temperature 
of the device’s package. 


Although the AD OP-07 features high power supply rejection, 


Vy COWF the effects of noise on the power supplies may be minimized 
by bypassing the power supplies as close to pins 4 and 7 of the 
Figure 1. Optional Offset Nulling Circuit and AD OP-07 as possible, to load ground with a good-quality 
Power Supply Bypassing 0.01yF ceramic capacitor as shown in Figure 1. 


Performance Curves (typical @ Ta = +25°C, Vs = +15V, AD OP-07 Grade Device unless otherwise noted) 
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Og 
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> o> 
25 
od ES 
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- 
= 
Vout, 5V/DIV 1SEC/DIV 
AD OP-07 Open Loop Gain Curve AD OP-07 Low Frequency Noise (See Test Circuit, 
on the Previous Page) 
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> 
iG 
= 4000 id 
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-50 0 +50 +100 +150 
TEMPERATURE — °C 


-40 
0.01 0.1 1.0 10 100 1k 10k 100k IM 10M 
Open Loop Gain vs. Temperature FREQUENCY — Hz 


Open Loop Frequency Response 
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Typical Performance Curves: 


CAIN ELM ATT 
CAN TT TUT 
a A 
a 


CLOSED LOOP GAIN — dB 


OUTPUT VOLTAGE, PEAK TO PEAK — Volts 


FREQUENCY — Hz FREQUENCY - kHz 


Closed Loop Response for Various Gain Configurations Maximum Undistorted Output vs. Frequency 


RMS NOISE — ,V 
DELTA Vos — nV 
1 


ana 
zt ieee Hil 
anit Wadd 1 


4 2 3 4 5 6 7 8 9 10 
HOURS (HUNDREDS) 
125°C, +15V 


A 100 
BANDWIDTH -- kHz 


Input Wideband Noise VS. Bandwidth (0.1Hz to Frequency - 7 Offset Voltage vs. Time 


Indicated) | 
TOO EE Mtl A 
i on ame | 
ED SE A a Se a a 

MA : a 0 HH 

80 
SUTIN EL 
i mw a Nil 
1.0 10k 100k oi h 10! 


FREQUENCY — Hz FREQUENCY — Hz 


CMRR — dB 


k 


CMRAR vs. Frequency | PSRR vs. Frequency 


ul SWING 


= 
a 


POWER CONSUMPTION — mW 
OUTPUT SWING — Volts 
r=) 


LOAD RESISTOR TO GROUND — kQ 


TOTAL SUPPLY VOLTAGE, V+ TO V- — Voits 


Power Consumption vs. Power Supply Output Voltage vs. Load Resistance 
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ANALOG Fast Settling 
DEVICES — Video Operational Amplifier 
HOS-050, 050A, 050C 


80ns Settling to 0.1%; 200ns to 0.01% HOS-050/A/C FUNCTIONAL BLOCK DIAGRAM 
100MHz Gain Bandwidth Product | 


55MHz 3dB Bandwidth . ne | GROUND 
100mA Output @ +10V 


APPLICATIONS +INPUT v- 
D/A Current Converter 
Video Pulse Amplifier 
CRT Deflection Amplifier 


Wideband Current Booster OFFSET 
ADJUST* 


*PINS FOR CONNECTING 


GENERAL DESCRIPTION oseT. GROUND “* OPTIONAL OFFSET 


The HOS-050, HOS-050A, and HOS-050C op amps are very Aen 
high speed wideband operational amplifiers designed to comple- TO-8 

ment the Analog Devices’ lines of high speed data acquisition BOTTOM VIEW 

products. They feature a 1OOMHz gain bandwidth product; slew 

rate of 300V/ys; and settling time of 80ns to + 0.1%. % 


The HOS-050A, HOS-050, and HOS-0S0C have typical input 
offset voltages of 1OmV, 25mV, and 45m\V, respectively. 


All models have a rated output of + 100mA minimum, and an 
exceptional noise spec of only 71 V rms, dc to 2MHz; they are 
ideally suited for a broad range of video applications. 


FAST-SETTLING OP AMPS 
At one time, operational amplifiers could be specified according 
to slew rates, bandwidth, and drive capability; and these param- 


COMMON MODE REJECTION - dB 
OPEN LOOP VOLTAGE GAIN - dB 


PHASE SHIFT - Degrees 


eters would be sufficient. Settling time was not considered until ‘ 0 
the use of high speed video D/A converters became widespread. mE OE) ee es eee nee 
The conversion speed of the D/A can be limited by the settling Figure 1. HOS-050 Frequency Response 


time of the output amplifier, so it has become essential to select 
an op amp whose settling time is compatible with the D/A 


converter. ——+ — Oc are. 
i ; : : Bca = 50°C/W 
The increased emphasis on settling time has, in some cases, 


created a preoccupation with slew rates in the minds of some 
designers. But slew rate is only one component in establishing 
settling time. 


The amount of overshoot, and the ringing which are present at 
the end of a step function change also have an effect. These 

parameters, in turn, are influenced by the bandwidth (or lack of ; SOWERITIGEIPATION 
. . . . 'S ‘TEMPERATURE 
it) when operating the op amp with closed loop gains greater FOR TO-8 PACKAGE 


than one. 


POWER DISSIPATION 


The HOS-050 Series stands up under close scrutiny of these 
characteristics because of its 1OOMHz gain bandwidth product. caneRATUnE <6 
The use of these amplifiers in a wide variety of applications has 
confirmed their suitability for video circuits. 


The HOS-050 is also available with MIL-883 processing. Model 
numbers change from HOS-050 to HOS-050B; and HOS-050A 
to HOS-OSOAB. 


Figure 2. Power Dissipation vs. Temperature 
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Model HOS-050 HOS-050A —_- - "HOS-050C 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltages (Vs) +18V * * 

Power Dissipation ’ ‘See Figure 2 x i 

Input Voltage , +Vs5 * 

Differential Input Voltage +Vs * * 

Operating Temperature Range (case) — §5°C to + 125°C i — 25°C to + 85°C 

Junction Temperature 175°C * * 

Storage Temperature Range — 65°C to + 150°C - * 

Lead Temperature (soldering, 10 sec.) 300°C x x 


DC ELECTRICAL CHARACTERISTICS 


Parameter Conditions Min Typ Max Unit 
100 x * 


Open Loop Gain R, = 1000 dB 


Rated Output R, = >1000 
Voltage V 
Current 
(not short circuit protected) mA 
Voltage R, = >2000 V 
Input Offset Voltage Adjustable to Zero 
Initial @ +25°C mV 
vs. Temperature pVvP°C 
vs. Power Supply Voltage mV/V 
Input Bias Current 
Initial @ +25°C nA 
vs. Temperature /10°C 
Input Offset Current 
Initial @ +25°C nA 
Input Impedance 
rissa = Vin parallel with SpF A 
Input Voltage Range 
Common Mode V 
Differential V 
Common Mode Rejection dB 
Input Noise Reger = 1000; Rep = 1kN 
dc to 100kHz wV rms 
dc to2MHz pV rms 
AC ELECTRICAL CHARACTERISTICS! 
Parameter Conditions Typ Max Units 
Slew Rate A = —1;Rep = Reg = 5000; 
Load = 1000 V/ps 
Noninverting Slew Rate A = 2;Rer = Rep = 10000; 
Load = 1009 V/s 
Overload Recovery 50% Overdrive ns’ 
Gain Bandwidth Product Rer = Rep = 5009 MHz 
Small Signal Bandwidth, -3dB A= —1;Rep = Rep = 5000 MHz 
A= ~ 1; Rer = Rep = 10002 MHz 
A= —2;Rep = Regp = 5000; 
Rgg = 10009 MHz 
A= — 4; Reger _ Rep = 2500; 
Rrg = 10000 _MHz 
Output Impedance c@) 
Noninverting Bandwidth, —-3dB A = 2;Rgp = Rgg = 10000; 
1002 load; 10pF capacitance 
5-volt p-p output MHz 
4-volt p-p output MHz 
2-volt p-p output MHz 
A= 3;Rer a 5000; 
Reg = 10009; 100, 10000; 
or 20002 load; 10pF 
capacitance 
10-volt p-p output MHz 
5-volt p-p output MHz 
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AC ELECTRICAL CHARACTERISTICS! (Continued 


Parameter 


Noninverting Bandwidth, — 3dB 


(continued) 


Full Power Bandwidth 


Settling Time to 0.1% 
Inverting 
(See Figure 5) 
Noninverting 


Harmonic Distortion 
(See Figure 9) 
Noninverting Harmonic 
Distortion (See Figure 10) 


Power Supply 
Voltage 
Voltage 
Current 
Power Consumption 
Power Dissipation 


Temperature Range 
Operating (Case) 
Storage 

Meantime Between Failures 
(MTBF) 


Notes: 


Conditions 


A= 5; Reger = 50020; 
Reg = 20000; 1000, 10000, 
or 20002Nload/10pF 
capacitance 

5-volt p-p output 

4-volt p-p output 

2-volt p-p output 

1-volt p-p output 


Output = + 10V/-—8V@ + 100mA; 


5% distortion 
A=- 1;ReF = Reg = 5002 
Vout = +5V 
Vout = +2.5V 
A = 2;Rer = Reg = 5009 
Max Load capacitance = 75pF 
Vout = +5V 
Vout = +2.5V 
A = —1;Load = 10000 
Signal = 4MHz; 2V output 
A= 2 Reger = Reg = 10000; 
Load = 10000; 
Signal = 4MHz; 2V output 


Rated performance | 
Operating range 
Quiescent 

Quiescent 


(See Figure 2 for 
Derating Information) 


MIL-HNBK 217; Ground; 
Fixed; Case = 70°C 
883B Processing 


"Specification for Inverting Mode unless otherwise noted. 


*Specification same as HOS-050 


HOS-050 


HOSO0S0A 


HOS-050C 


Min Typ Max | Min Typ _Max_| Units 


MHz 
MHz 
MHz 
MHz 


MHz 


Individual socket assemblies (one per pin) are available from AMP as part number 6-330808-0. 
Specifications subject to change without notice. 


PIN DESIGNATIONS! 


+V 
GROUND 
OFFSET ADJ* 
OFFSET ADJ* 


'SEE SECTION 20 (H12A) FOR 
PACKAGE OUTLINE INFORMATION. 
*PINS FOR CONNECTING 


OPTIONAL OFFSET POTENTIOMETER. 
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VOLTAGE AMPLIFIERS/CURRENT BOOSTERS 

Video op amps such as the HOS-050 are generally characterized 
by high gain bandwidth products, fast settling times, and high 
output drive. 


One of the most common uses of video op amps is for D/A 
converter output voltage amplification or current boosting. 

_ Figure 3 is one example of this type of application. In this circuit, 
the internal resistance of the D/A is the feed forward resistor for 
the op amp. 


-15V +15V 


DIA 
CONVERTER | BIPO! 


(UNIPOLAR = R, x -— 10.24mA) 
\/ (BIPOLAR = R, x -5.12mA) 


Figure 3. Inverting Unipolar or Bipolar Voltage Output 


The HDS Series D/A converters are fast-settling, current output 
_ D/As available in 8-, 10-, and 12-bit resolutions. Both TTL and 
ECL versions are available, and settling times range from 10ns 
for 8-bit units through 40ns for 12-bit units. 


The circuit which is shown will provide a negative unipolar 
output with binary coding on the input, and bipolar offset ground- 
ed. It will provide a bipolar output with complementary offset 
binary coding on the input, and bipolar offset connected to Io. 


An approximation of the total settling time for the D/A op amp 
combination is calculated by: 


Ts = VTp?+ To? 
where Tp is D/A settling time and To is HOS-050 settling time. 


This approximation is valid because both the D/A and the HOS- 
050 exhibit 6dB/octave roll-off charateristics (single pole response); 
and the combination of low D/A output capacitance and op amp 
_ input capacitance does not materially affect the formula. 


The user of the HOS-050 should remember the current flowing 
in the feedback resistor (R1) must be subtracted from the output 
available from the HOS-050. 


There is a tendency, because of this fact, to use a high value of 
feedback resistor to assure maximum current drive being available 
for driving low impedances; but this approach may create unde- 
sirable side effects. 


Calculating the minimum load that can be driven under two 
conditions of feedback resistor values will serve to illustrate the 
' difference. 


Assume the feedback resistor value is 5002. If output voltage of 
the HOS-050 is 10 volts, and output current is 100mA, minimum 
‘load would be: 


Eo max 10V 10V 


Ip max — Ipgg ~ 100mA — 20mA 80 = hao Emu one 


where: Ep max = peak voltage needed 
Ig max = maximum continuous current HOS-050 can 
produce 
Irrp = current in feedback resistor at peak voltage 
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Assume the feedback resistor value is 5,000. Minimum load — 
would be: 


Eo max 10V 10V 
Ip max — Ippn = Sat ao a Cm A —— = 1020 minimum load 
~ ARF 


100mA — 2mA 98mA 

Designs which strive for driving a minimum load (by increasing 
the feedback resistor) can create settling problems because of a 
fundamental characteristic of op amp circuits . . . the higher the 
feedback resistance, the slower the system response. 


This phenomenon is the result of increased impedance for driving 
stray capacitances in the circuit employing the op amp, and 
fixed capacitances in the summing node. 


Impedances need to be kept as low as possible sites with 
low distortion; and stray capacitances need to be eliminated to 
the maximum possible extent. A large ground plane structure is 
recommended to help assure low ground impedances. In addition, 
0.1pF ceramic capacitors and 3-10yF tantalum capacitors con-. 
nected as close as possible to power supply inputs will decrease 
the potential for parasitic oscillations and other noise signals. 


Another argument for limiting the size of the feedback resistor 
is because of its effect on bandwidth. Bandwidth of the HOS-050 
op amp and the value of the feedback resistor are inversely 
related. 


At any given gain of the op amp, the gain setting with the widest 
bandwidth will be the one which employs the lower value of 
feedback. As an example, a gain of 1 can be achieved with Rrr 
= Reg = 5000; or Reg = Rep = 1,000. Small-signal bandwidth 
for the first combination is typically 45MHz; bandwidth for the 
second is typically 35MHz. 


OFFSET AND GAIN ADJUSTMENT 
Figure 4 shows a method of using the HOS-050 op amp which 
allows adjusting the offset and gain of the output voltage. 


OFFSET 
ADJUST 
20k 


Figure 4. HOS-—050 Offset and Gain Adjust 


As shown, the gain of the circuit is established by the equation: 


where Rgg is the total of Rgaw and Gain Adjust. 


Once the user has established the desired gain for the illustrated 
circuit, the value of Rpg can be used to determine the correct 
value of RorrsEr with the equation: 


| Vcc X Rep 
RoFFSET = ( AE 


where AEo is the desired amount of offset on the output. 


Assume + Vcc = +15V; Roan = 9000; Gain Adjust = 1000; 
the desired change on the output = +1 volt. 


Under these conditions, Rorrser will be 15kQ: 


. = (15v x [900 + 100}) 
OFFSET = — IV 
— (15kV 
RorFseT = — (BE 


RoFFSsET = 15,0000 


Figure 4 shows bipolar output operation. If unipolar output is 
desired, the appropriate Vcc should be removed from the Offset 
Adjust potentiometer. 


The 0.1,F capacitor attached to the wiper arm of the Offset 
Adjust control isolates the control and helps prevent adjustment 
noise from appearing on the output of the HOS-050. 


Crp can be any value between 0 and 20pF, depending on the 
value of Rgain; and should be selected to optimize settling time 
for the particular circuit layout in which the HOS-0S0 is being 
used. 


The Gain Adjust control should be a low value, low inductance 
cermet trimming potentiometer. 


Note: Reg, Ream, Crp and Rorrser must be located as close to 
the summing node of the HOS-050 as physically possible. This 
helps prevent additional capacitance in the summing node and 
corresponding bad effects on frequency response and settling 
times. 


Variable controls (such as Offset Adjust and Gain Adjust) should 
never be tied to the summing node of the op amp. Their correct 
electrical locations are those shown in Figure 4. 


ei i ae ee 
co a i 
a need eee 


Rer = Reg = 5002 


NANOSECONDS 
3 
o 


1% 0.1% 0.05% 0.01% 
PERCENTAGE OF FULL SCALE 
Figure 5. Settling Time - Inverting Mode 


SETTLING TIME MEASUREMENT 
Although there are some exceptions, most members of industry 
are in agreement on the description which says settling time is: 


The interval of time from the application of an ideal step 
function input until the closed-loop amplifier output has 
entered and remains within a specified error band. 


_ The well-informed user needs to be alert to the consequences of 
settling time specs which do not meet that description. 


This definition encompasses the major components which comprise 


settling time. They include (1) propogation delay through the 
amplifier; (2) slewing time to approach the final output value; 
(3) the time of recovery from the overload associated with slewing; 
and (4) linear settling to within the specified error band. 


Expressed in these terms, the measurement of settling time is 
obviously a challenge and needs to be done accurately to assure 
the user that the amplifier is worth consideration for his 
application. 


Figure 6 is the test circuit for measuring settling time to 0.1%. 
This method creates a “‘false’”? summing junction and the error 
band is observed at that point. 


* CONNECTION 
: 3 


/ 475 
SCOPE 


DIRECT 1 MEG 
20pF 


== FALSE-SUMMING 
NODE 
SUMMING NODE ERROR = 270011 


Ree 
OUTPUT ERROR lata! ~15V 


Figure 6. Settling Time Test Circuit for 0.1% Settling 


If one were to attempt the measurement at the “true” summing 
junction of the op amp, the results would be misleading. All 
scope probes will add capacitance to the input and will change 
the response of the system. Making the measurement at the 
output of the amplifier is also impractical, since scope nonlinearities 
and reading inaccuracies caused by overdriving the scope preclude 
accurate measurements to the tolerances which are required. 


The false summing junction method causes the amplifier to 
subtract the output from the input; only one-half the actual 
error appears at the false junction, and it can be measured to 
the required accuracies. 


The false junction is clamped with diodes to limit the voltage 
excursion appearing at that point. This is necessary because the 
amplifier will be overdriven and one-half its input voltage will 
appear at the junction. Without the clamps, the scope used for 
making the measurement would be overdriven and its recovery 
time would mask the settling time of the amplifier. 


The test circuit for measuring settling time to 0.01%, Figure 7, 
is simply an extension of the same basic technique. Measuring 
to the closer tolerance requires additional gain in the circuit 
driving the oscilloscope. | 


+15V 


33042 TRIM FOR 
GAIN OF 5 


FROM FALSE 
SUMMING 
TO 5mv 
NODE SENSITIVITY 
OF 475 SCOPE 


0.1mF 2 470012 
39004) t 100k82 


SET TO BALANCE 
390082 - DIFFERENTIAL 
PAIR CURRENT 


~15V —15V 6 -15V -15V 


2N2369A 


Figure 7. Settling Time Test Circuit for 0.01% Settling 


IMPEDANCE MATCHING 

The characteristics of the HOS-050 operational amplifier make 
it an ideal choice for matching the impedances of video circuits 
to the impedances of transmission lines. 


In this application, source and load terminating resistors will 
cause the output voltage to be halved at the end of the cable 
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being driven by the op amp. This makes it necessary to set the 
gain of the circuit to provide twice the desired voltage. 


Three different values of resistors and cables are “phantomed” 
into the figure as examples of possible characteristic impedances 
‘which might be used. Figure 8 is not meant to imply the HOS-050 
can drive three cables simultaneously. 


LOW Z OUTPUT 


{1 5022 
—- 

! 5082 

1 

y 7592 : 

! 7522 

! . 

I 

9312 

oo 
9322 


Figure 8. HOS-050 Impedance Matching 


NONINVERTING OPERATION 

The vast majority of video operational amplifiers display marked 
differences in settling times and bandwidths when operated in a 
noninverting mode instead of the inverting mode. There are a 
number of valid reasons for this characteristic. 


Most high-speed op amps use feed-forward compensation for 
optimizing performance in the inverting, mode. This is necessary 
to obtain wide gain-bandwidth products while maintaining dc 
performance in these types of devices. In effect, the op amp has 
a wideband ac channel which is not perfectly matched to the dc 
channel. 


Feed-forward techniques enhance the performance of the op 
amp in the inverting mode by increasing the slew rate and small- 
signal bandwidth. These techniques, however, also decrease the 
amplifier’s tolerance to stray capacitances, so must be employed 
judiciously. ‘ 


The overall input capacitance of the op amp is kept as low as 
possible in the design; and any mismatch in the capacitance of 
the two channels appears as an error in the output. Because of 
the inherently low total input capacitance of the op amp, even a 
small capacitive mismatch between channels shows up as a large 
effective error signal. | 


Decreasing the channel mismatch can be achieved only by com- 
plicating the design of the op amp with additional components, 
and rigorous selection of those components in the manufacturing 
process. 


As a consequence, the mismatch is reduced to the smallest practical 
value consistent with the economics of producing and using the 
op amp. But it remains a mismatch, and manifests itself as a 
difference in performance in the inverting versus noninverting 
modes. 


There are video op amps available at low cost which use a 741-type 
amplifier for high dc open loop gain in the noninverting channel. 
The user of these kinds of designs may sometimes gain an economic 
advantage, but at a high cost in performance. Bandwidths for 
noninverting applications are often measured in kHz, not MHz, 
for this approach. 


A video op amp is acting as a voltage mode device at both inputs 
when operating in the noninverting mode. This contrasts with 
the inverting mode, where it is operating as a current mode 
device. 
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, 


The Analog Devices HOS-050 has different performance charac- 
teristics when operating as a noninverting amplifier, but the 
care used in the design makes the differences less pronounced 
than they are in many competing units. 


The HOS-050 can be considered a true differential video op 
amp. It requires little or no external compensation because its 
rolloff characteristics approach a 6dB/octave slope. This helps 
the user determine summing errors and loop response; and 
helps assure the stability of the system. 


The performance parameters for both inverting and noninverting 
operation are shown elsewhere in this data sheet (see SPECIFI- 

CATIONS section and figures). A comparison of the characteristics 
will highlight the similarities in performance, with the exceptions 


noted above. 


(Reg = Rep = 5000; A = -1) 


----0 2VP-P; R, = 1500 
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Figure 9. Harmonic Distortion - Inverting 
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Figure 10. Harmonic Distortion — Noninverting 


IN SUMMARY ...A CAVEAT 


- Settling time specifications, bandwidth capabilities, harmonic 


distortion performance, and other parameters for video op amps 
cannot possibly include all possible situations and applications. 


A multitude of seemingly insignificant conditions can have a 
major impact on the unit and its ability to operate in any given. 
circuit. 


The potential user is strongly urged to evaluate the effectiveness 
of the HOS-050 in the actual circuit in which it will be used. 
In many instances, the application conditions are different from 
the conditions used in specifying; there is no substitute for a 
trial in the proposed circuit to determine if the op amp will 
provide the desired results. 
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FEATURES 
Wide Bandwidth — dc to 125MHz 
High Slew Rate — 1500V/ps 

’ Operation Guaranteed -55°C to +125°C (SH) 
High Output Drive — +10V with 10092 Load 
MIL-STD-883 Processing Available 


APPLICATIONS 

Current Boosters 

High Speed A/D Input Buffers 
Nuclear Instrumentation Amplifiers 
Coaxial Cable Drive 

High Speed Line Drivers 

Video Impedance Transformation 


GENERAL DESCRIPTION 

The HOS-100SH and HOS-100AH Bipolar Buffer Amplifiers 
are high-speed, voltage follower/buffers designed to provide 
high-current drive at frequencies from dc to over 125MHz, as 
well as providing +10mA into 1k22 loads (+100mA peak) at 
slew rates of 1500V/us. Both units also exhibit excellent phase 
linearity (2°), and low distortion (<0.1%). 


For commercial temperature ranges the HOS-100AH is speci- 
fied for operation over the range of -25°C to +85 C (case). 
The HOS-100SH is specified for operation over the military 
range of -55°C to +125°C (case). Further, the HOS-100SH 
may be processed to the requirements of MIL-STD-883. 


The HOS-100SH and HOS-100AH are intended to fulfill a 
wide range of buffer applications, such as video impedance 
transformation, high impedance input buffers for A/D con- 
verters and comparators, as well as high-speed line drivers and 


Figure 1. Schematic Diagram HOS-100 


Wide Bandwidth, 


High Speed Buffer Amplifiers 


HOS-100AH, 100SH 


HOS-100SH/HOS-100AH 
FUNCTIONAL BLOCK DIAGRAM 


INPUT 


NC 


TO-8 PACKAGE 
BOTTOM VIEW 


nuclear instrumentation amplifiers. Additionally, both ampli- 
fiers will continuously drive 5082 coaxial cables or serve as 
yoke drives in high resolution CRT displays. 


They are particularly well suited for current booster applica- 
tions (Figure 2) within an op-amp loop where input impedance 
and bias current requirements are less stringent than in FET 
design. 
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Figure 2. Power Derating 


POWER DISSIPATION — W 
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Figure 3. Current Booster 
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‘SPECIFICATIONS 


PARAMETER 


DC ELECTRICAL CHARACTERISTICS! s? 
Input Bias Current | 


Input Impedance 


Voltage Gain © 


Output Offset Voltage 


Output Offset Voltage Tc 
Output Impedance 


Output Voltage Swing 


Supply Current 


Power Consumption 


AC ELECTRICAL CHARACTERISTICS? 
Slew Rate 
Bandwidth 
Rise Time 
Propagation Delay 
Phase Nonlinearity 
Harmonic Distortion 


MFBF* 
PACKAGE OPTION*® 


NOTES 


CONDITIONS 


Tc = 25°C 5 5 


Vin = 1V rms, f = 1kHz 100 200 100 200 


Ry = 1k, Tc = 25°C 
Vin = 1V rms, f = 1kHz 
Ry, = 1k, Tg = 25°C © 


0.95 0.97 


Rg = 502, Tc = 25°C 


Rg = 502 

Vin = 1V rms, f = 1kHz 
Rg = 5002, Ry = 1k 
Rg = 502, Ry = 1k 

Vs = t5V, Ry = 1k 


Vin = OV, Tc = 25°C 


Vg = +15 13 16 

Vg = +5 10 

VIN = OV, Vs = +15V 390 480 

Tc = 25°C 

Vin = t10V 1000 1500 10001400 
Vin = 1V rms 100 125 100 125 
AVin = 0.5V 2 
AVin = 0.5V 15 1.5 


BW = 1 to 20MHz 


> 550,000 hours 
H12A 


1 Unless otherwise noted, these specifications apply for +15V applied to Pin 12, and -15V applied to Pin 10. 

7 Unless otherwise noted, specifications apply over a temperature range, -55°C < Tg < +125°C for the HOS-100SH, and 
-25°C < Tc < +85°C for the HOS-100AH. Typical values shown are for Tc = +25 C. 

> These specifications all measured with following conditions: Tc = +25°C, Vg = +15V, Rg = 502, Ry = 1k. 

*HOS-100SH/883 calculated using MIL Handbook 217. Ground: Fixed, Temperature (case) = 70°C. 


5 See Section 20 for package outline information. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 


ORDERING INFORMATION 


Supply Voltage (V+-V-). 0... cee eee eee eee 40V 

Maximum Power Dissipation.............000008 1.5W Temperature Range 
Input: Oltages song ore tee es Be ee Equal to Supply Voltage o ° 
Maximum Continuous Output Current .......... +100mA ah See a ee 
Maximum Peak Output Current............... +250mA : ad 


Operating Temperature Range (Case) 


dante: -55°C to +125°C 


HOS-100SH/883!| -55°C to +125°C 


Storage Temperature ..........--000% ~65°C to +150°C 


Lead Temperature (Soldering, 10 sec)....... 
Maximum Junction Temperature .......... 
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+300°C 


oe e 


25 


0.94 0.96 1.0 


HOS-100SH HOS-100AH _ ? 
MIN TYP MAX | MIN TYP MAX | UNITS 


V/us 
MHz 

ns 

ns 
Degrees 
% 


' Specifies 100% processing to MIL-STD-883 per Method 5008. 
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Low Noise, Low Drift 
Precision FET Amplifier 


~~ MODEL 52 


FEATURES 

Guaranteed Low Noise 1.5uV p-p max (0.01 to 1Hz) 
Low Voltage Drift: 1uV/°C max (52K) 

Low Bias Current: 3pA, max 

High CMR: 100dB, min 

High Voltage Gain: 120dB, min 

Wide Power Supply Range: +9V to +18V 

Excellent Long Term Stability: 5uV/month 

Fast Thermal Response 


APPLICATIONS 

Low Level Instrumentation Preamp 

High Impedance Precision Buffer 

Long Term Integrator 

Current to Voltage Converter 

Precision Voltage Regulator 

Preamp for 16-Bit Resolution V/F Converters 


GENERAL DESCRIPTION 

Model 52, a low noise, high accuracy FET input operational 
amplifier was designed for handling microvolt signals from 
high impedance (>100k22) sources. It features guaranteed low 
voltage noise (1.5uV p-p max, 0.01 to 1Hz bandwidth) with 
low input offset voltage drift (3uV/°C max, 52J; 1uV/°C max 
52K). Unlike most available low drift amplifiers, model 52 
voltage drift is unaffected by trimming the initial offset 
voltage (0.5mV max). The low input bias current (3pA max) 
is held constant over the entire 10V common mode voltage 
range. High voltage gain (120dB, min) and high CMR (100dB, 
min) complete the performance profile. Model 52 is an excel- 
lent choice for high accuracy, high resolution linear signal 
processing applications. 


~~ 


By incorporating a new low noise N-channel monolithic FET 
input stage, thermal stability, voltage noise and differential sig- 
nal performance are improved to a level previously obtainable 
only in the best bipolar amplifier designs. Model 52 is an ex- 
cellent choice to replace chopper stabilized amplifiers where 
significant sources of error are introduced from zero beating, 
“chopper spikes” and ground loop currents. 


The guaranteed accuracy performance of model 52 suggests 
critical applications such as low noise, low drift “‘front-end”’ 
preamplifiers for A to D converters and DVM’s. For high im- 
pedance buffering applications, model 52 offers low input 
bias current, high linear common mode rejection, complete 
protection from input transients (offset voltage and bias cur- 
rent will not degrade due to reverse breakdown) and freedom 
from latch up when the common mode voltage range is ex- 
ceeded. Model 52 is supplied in a reliable, compact epoxy 
module package. Output is protected from shorts to ground 
and/or supply voltage and is capable of mare up to 0.01yuF 
load capacitance. 


For detailed information, contact factory. 
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IMPROVED OFFSET VOLTAGE STABILITY 

Model 52 has been designed for the lowest possible input 
voltage drift over the 0 to +70°C temperature range. In most 
operational amplifier designs, trimming is accomplished by 
unbalancing the current in the input stage. This trimming 
technique introduces an additional 2 to 12uV/°C for each 
millivolt of Eggs that is nulled. To provide performance con- 
sistent with low offset voltage drift, model 52 incorporates a 
three-point trim (see connection diagram) whereby a com- 
pensating voltage is introduced without unbalancing the input 
stage currents. By virtue of this trim scheme, there is no 
degradation in T.C. when Egg is nulled and the specified per- 


_ formance is achieved. 


IMPROVED NOISE PERFORMANCE 

Input noise limits signal resolution in low level signal processing 
applications. The FET input stage of model 52 reduces noise 
current significantly from that of bipolar amplifiers, permit- 
ting high source impedance applications. Model 52 also offers 
voltage noise levels appreciably below that of other FET am- 
plifiers. To illustrate the excellent low noise performance of 
model 52, Figure 1 shows typical input voltage noise in a 0.01 
to 1Hz bandwidth. Noise is typically less than 1yV p-p and is 
free of noise spikes. 


INPUT 
VOLTAGE NOISE 


Figure 1. Voltage Noise 0.07 to 1Hz Bandwidth 
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SPECIFICATIONS ee @ +25° C and +15V unless otherwise noted) 


MODEL 
OPEN LOOP GAIN : 
DC 2kQ Load 120dB min (130dB typ) : 
RATED OUTPUT’ 
Voltage, 2kQ Load +10V min ig 
Current +5mA min 
Maximum Load Capacitance 0.01uF : 
Impedance, Open Loop 7522 i 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 500k Hz . 
Full Power 4kHz min . 
Slew Rate 0.25V/us min i 
Overload Recovery 130ys ‘ 
Settling Time, +0.1%, +10V Step 100ys i 
Settling Time, 0.01%, +10V Step 150ps t 
INPUT OFFSET VOLTAGE 
Initial? , @ +25°C +500uV max : 
With External Trim Potentiometer Adjustable to Zero $ 
vs. Temperature (0 to +70°C) +3uV/°C max +1yV/°C max 
vs. Supply Voltage +2uV/% i 
vs. Time +5uV/Month , 
Warm-Up Drift, 5 Minutes +5uV i 
INPUT BIAS CURRENT 
Initial, @ +25°C -3pA max (-1pA typ) a 
vs. Temperature (0 to +70°C) x2/+10°C . 
vs. Supply Voltage +0.01pA/% | . 
INPUT DIFFERENCE CURRENT 
Initial, @ +25°C +1pA . 
vs. Temperature (0 to +70°C) x2/+10°C i 
INPUT IMPEDANCE 
Differential 10'?Q\|3.5pF : 
Common Mode 10'? 2\|3.5pF 
INPUT NOISE . 
Voltage, 0.01Hz to 1Hz 1.5uV p-p max (1uV p-p typ) * 
10Hz to 10kHz 3uV rms max (2u'V rms typ) * 
f = 1Hz 70nV/V Hz rms * 
f = 10Hz 25nV/V/ Hz rms 
f = 100Hz 20nV/V Hz rms 7 
f = 1kHz 13nV// Hz rms * 
Current, 0.01Hz to 1Hz 0.1pA p- : 
f = 1Hz 7£A/V Hz_ rms > 
f = 10Hz 2.5fA/\/Hz rms : 
f = 100Hz 3.5fA//Hz rms * 
f = 1kHz 6fA// Hz rms . 
INPUT VOLTAGE RANGE 
Common Mode Voltage +10V min ™ 
Common Mode Rejection, CMV = +10V_—_100dB min (106dB uP . 
Max Safe Differential Voltage tV, bd 
POWER SUPPLY 
Voltage, Rated Performance — t15V : 
Voltage, Operating +(9 to 18)V . 
Current, Quiescent +5mA . 
TEMPERATURE RANGE 
Rated Performance 0 to +70°C bd 
Operating -25°C to +85°C : 
Storage -55°C to +125°C 
MECHANICAL 
Case Size 1.12" x 1.12" x 0.4" 
Weight 16g 


Mating Socket 


AC1008 * 


OPEN LOOP VOLTAGE GAIN — dB 


*Specifications same as model 52). 
1 Protected for short circuit to ground. 


2 With no external trim potentiometer connected. 


> Recommended power supply, ADI model 904, 15V @ 50mA output. 


Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm), 


be 1.13 MAX (20.7) a { 


0.41 MAX 
(10.4) 
0.2 to 0.25 ? 
(5 to 6.4) 
| be 0.04 DIA 
(1.0 
roclhl TT 
1 
OPTIONAL | 
ad HH EH] 1.13 MAX 
Fe ~3 akg Pt] (28.7) 
| 1 
I ' im 
I [ ner 
| 
Lo BOTTOM VIEW 


1 Optional 1kQ external trim pot. Input 
offset voltage may be adjusted to zero 
with trim pot connected as shown. With 
trim pins left open, input offset voltage 
will be 0.5mV, maximum. 


*Common Supply connection not required. 


MATING SOCKET 
AC1008 


oe ay 1.40 (35.6) ee) 


0.5 (12.7) | 


0.09 (2.3) 


Py 
ae ses MSG OO CO a 


BOTTOM VIEW 


*No connection required on Model 52. 


FREQUENCY RESPONSE 

From the plot of Open Loop Voltage Gain 
and Phase Shift (see Figure 2) versus Fre- 
quency, it can be seen that model 52 is stable 
for all closed loop gains. Even at the cross- 
over frequency of 500kHz, model 52 has a 
phase margin of 75°. 


PHASE SHIFT — 


0.1 1 10 100 1k 10k 100k 1M 
FREQUENCY — Hz 


Figure 2. Open Loop Frequency Response 
and CMR 
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High Voltage 
Differential FET Amplifier 


MODEL 171 


FEATURES 

High Output Voltage: +140V 

High CMR: 100dB min 

Operates With a Wide Range of Power Supplies 
High CMV: +(|Vs| - 10V) 


APPLICATIONS 

High Voltage Compliance Current Source 
High Voltage Follower With Gain 

High Voltage Integrator 

Diff. Amp for High CMV Bridge Applications 
Reference Power Supply 


GENERAL DESCRIPTION 

Model 171 is a high performance FET input op amp designed 
for operation over a wide range of supply voltages. This module 
features an output range of t15V to +140V at 10mA, a mini- 
mum CMRR of 100dB and a high common mode voltage rating 
of t(Vs - 10V) min. DC offset is less than +1mV, and maximum 
drift of either +50 or +15yV/°C is available in the J or K ver- 
sions. Bias current is less than 50pA (171J) or 20pA (171K), 
doubling per +10°C increase of temperature. The model 171 
also features small signal bandwidth of 3MHz for unity gain, 
full-power bandwidth of 15kHz, and slew rate of 10V/us. 
These operating characteristics make model 171 an excellent 
choice for high voltage buffer applications, followers with gain, 
off-ground signal measurements and reference power supplies. 


Excellent power supply rejection of 7uV/V enables model 171 
to be powered by inexpensive, low regulation supplies, without 
sacrificing any of the 171’s inherent high performance. The 
supplies also need not be symmetrical. Any combination of 
power supply voltages between the limits.of 15 to +300V for 


For detailed information, contact factory. 


171 APPLICATION 
PROGRAMMABLE MASS SPECTROMETER 
VOLTAGE SOURCE 


PLATES 


FIXED 
+15V OFFSET 


the positive side and 15 to -300V for negative side is acceptable 
provided the total voltage across the amplifier is within the 
range of 30 to 300V. 


Model 171’s output is completely short circuit protected by the 
use of a current limit scheme. This type of protection provides 
a short circuit output that is only slightly greater than the rated 
output current for normal operation. With this design the 
module and external circuitry are protected, internal heat dissi- 
pation and the associated high temperature rise are limited, and 
added reliability is built in. 


POWER SUPPLY VOLTAGES 

Model 171 offers the flexibility of operating with an extensive 
range and combination of power supply voltage. The chart 
above shows a chart of permissible combinations of supply 
voltages for the 171. The model 171 maintains its normal 
operating characteristics when using asymmetrical power 
supply configurations, 
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SPECIFICATIONS ates @ +25°C and +125V unless sinus ai 


MODEL 171J 171K 
OPEN LOOP GAIN 10° min * 
RATED OUTPUT 
Voltage +(|Vo|-10V) min 
Current +10mA min 
Maximum Load Capacitance 1000pF . 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 3MHz =i 
Slewing Rate 10V/ps min % 
Full Power 15kHz min . 
Settling Time to $0.1%,+10V Step 25ys . 
Overload Recovery Sus on 
INPUT OFFSET VOLTAGE 
Initial Offset, +25°C' +1mV : 
Avg. vs. Temp (0 to +70°C) +50uV/°C max +15uV/°C max 
vs. Supply Voltage +7uV/V : 
vs. Time +250uV/mo 4 
INPUT BIAS CURRENT 
Initial Bias, +25°C -50pA max -20pA max 
vs. Temp (0 to +70°C) x 2/10°C : 
Difference Current +10pA +5pA 
INPUT IMPEDANCE 
Differential 10"! QI3.5pF . 
Common Mode 10'' QI3.5pF . 
INPUT NOISE 
Voltage, 0.01 to 1.0Hz 4uV p-p 
10Hz to 10kHz. 2.5uV rms * 
5Hz to 50kHz 6yuV rms 
INPUT VOLTAGE RANGE 
Common Mode Voltage +(IVg|-10V) min 3 
Common Mode Rejection 100dB min . 
Common Mode Rejection 114dB ‘ 
Max Safe Differential Voltage tVo 4 
POWER SUPPLY 
Voltage, Rated Specification +25 to +150V de . 
Voltage, Operating +15 to +150V de : 
Current, Quiescent +6mA typ . 
TEMPERATURE RANGE 
Rated Specification 0 to +70°C * 
Operating -25°C to +85 C + 
Storage -40°C to +100°C * 
MECHANICAL 
Case Size 2.41" x 1.82" x0.61" « 
Weight 80g * 


Mating Socket 


*Specifications same as 171J 


AC1037 * 


1 No external trim connection required. 
Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 


eee 2.41 MAX ts arco 


0.61 MAX 
(15.5) 


0.25 MAX (6.4) 
0.20 MIN (5.1) 


pty ttt Pb 
ext. PPT Trier 

Trim LTT Pere eee ee 
Seeeeecasesssesesnsssees 


Seaeasaseg 


uaa 
ae OTT ett? 


BOTTOM VIEW 0.1 GRID 
(2.5) 


ie 
TT 


MATING SOCKET 


Dimensions shown in inches and (mm). 


0.07 MAX 
i es MAX (2.54) —— 78) 


= | ) | ) Phe FT (12.70) 


0.141 D/A THRU CSK FAR 
SIDE 82° to 0.230 D/A 

(2 REQ’D) 

-+ 0,06 

(1.52) 


0.600 (15.24) 


4 EQ SPACES 
ON 0.300 (7.62) 


*0.015 
0.030 TYP (0.76) 


0.141 D/A THRU (2 REQ’D) 


0.300 
(7.62) 


MATING SOCKET AC1037 


SINGLE SUPPLY OPERATION 

The model 171 requires at least +15 volts 
applied across it in order to operate 
properly. The 171 may be operated from 
a single floating supply voltage by using 
the power supply offsetting scheme 
shown in Figure 1. When this configura- 
tion is used, the 171 is capable of opera- 
ting over its specified input and output 
voltage range. 


Figure 1. Single Supply Operation 
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FEATURES 
Ultra-Low Noise: 0.7uV p-p, 0.01Hz to 1Hz BW (234) 
0.5uV p-p, 0.01Hz to 1Hz BW (235) 
Very Low Offset Drift: 0.1pV/°C, 1pA/°C (234L) 
0.1nV/C, 0.5pA/°C (235L) 
Excellent Long Term Stability: 5uV/year (235) 
Fast Settling: 4us to 0.01%, 2.5MHz BW (235) 


APPLICATIONS 

Precision Integration 

Servo/Null Detector Loops 
Microvolt/Picoamp Measurements 
Bridge Amplifier 

Controlled Current Source 

Balance Scales and Weighing Instruments 


GENERAL DESCRIPTION 

Analog Devices’ models 234, 235 are high performance, 
economy chopper-stabilized op amps that meet the demands 
of critical laboratory and industrial applications requiring 
ultra-low noise, exceptional long term offset stability and 
versatility. Both models feature compact plug-in modular 
design, and are ideally suited for new design applications, or 
upgrading of existing systems, where both improved per- 
formance and cost savings can be realized. 


Model 234: The model 234 is designed for wideband applica- 
tions and features 10’ V/V open loop gain, 2.5MHz unity gain 
bandwidth, full power response to 500kHz and settling time 
of 4us (to 0.01%, 10V step, 20kQ load). The model 234 also 
features low input voltage noise of 0. TEV p-p (0.01Hz to. 1Hz 
BW), low offset voltage drift of 1V/°C (234J), 0. 03uV/°C 
(234K) or 0.1uV/°C (234L) and long term stability of +2uV/ 
month. 


Incorporating MOSFET choppers and discrete components 
(vs, IC op amps) for the main and stabilizing amplifier chan- 
nels, this inverting design is virtually free of input chopper 
spikes and offers reduced modulation ripple for quieter wide- 
band performance. These characteristics are especially de- 
sirable when operating from high source impedances (above 
100k2) at wide bandwidths. To illustrate the improvements 
in noise and bandwidth performance, over previous Analog 
Devices’ designs, comparative data is set forth in the follow- ° 
ing sections comparing models 232 and 233 with 234. 


Model 235: The model 235 is recommended for applications 
where lowest cost and lowest noise are required. The model 
235 features low input voltage noise of 0. SUV p-p (0.01Hz to 
1Hz BW), low offset voltage drift of 0.5uV/°C (235)), 
0.25uV/°C (235K), 0.1uV/°C (235L) and a long term 
stability of 5uV/year. 


For detailed information, contact factory. 


Low Noise 


Chopper Stabilized Amplifiers 


MODELS 234, 239 


MODEL 234 COMPARATIVE INPUT NOISE (RTI) 
PERFORMANCE IN A DC TO 1kHz BANDWIDTH 


250k 10k 


This combination of noise and drift performance makes 
model 235 ideally suited for demanding applications such as 
balance scales and weighing instruments requiring high ac- 
curacy and excellent long-term stability without the use of 
“front panel” balance pots or periodic internal adjustment. 


Model 235 has been designed to virtually eliminate intermodu- 
lation problems caused by ‘“‘beating” against power line fre- 
quencies. The chopper’s ultra-stable oscillator is precisely set 
at the factory to a frequency that minimizes ineractions with 
harmonics of 50Hz, 60Hz and 400Hz power lines. 


APPLICATIONS 

In general, the models 234, 235 inverting amplifiers should 
be considered where long term stability of offset voltage must 
be maintained with time and temperature for precision designs, 
or wherever maintenance-free operation of instruments and 
remote circuits is essential. Typical applications include low 
drift amplification of microvolt signals, integration of low 
duty-cycle pulse trains and analog computing for general 
purpose designs, Low input noise and stable offset voltages 
also make 234, 235 an ideal preamp for precision low fre- 
quency applications such as DVMs, 12- to 16-bit A to D 
converters, and for error amplifiers in servo and null de- 
tector systems. 
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SPECIFICATIONS (typical @ +25°C and +15V unless Otherwise noted) © 


MODEL 234) 234K 234L 235J 235K © ' 235L 
OPEN LOOP GAIN | | | | 
DC,2kohmload | 107 V/V min *: 5x10’V/Vmin ** bibs 
RATED OUTPUT . 
Voltage +10V min z . 
Current +5mA min " 
Load Capacitance Range 0-1000pF min * : 0.01uF "? ; ag 
FREQUENCY’ 
Unity Gain, Small Signal 2.5MHz ‘ . 1MHz i | as 
Full Power Response 500kHz min ? . 5kHz min bs il 
Slew Rate 30V/ps . : 0.3V/us min sd = 
SETTLING TIME to 0.01% 
20kQ. load, 10V step 4us : : N/A N/A N/A 
INPUT OFFSET VOLTAGE 
_ Initial Offset +50uV max +20uV max +20uV max +25uV max bid +15uV max 
vs. Temp, 0 to +70°C +1.0uV/°C max +0.3uV/°C max +0.1uV/°C max +0.5uV/°C max +0.25uV/°C max +0.1pV/°C max 
vs. Supply Voltage +0.2uUV/% * : +0.1p.V/% rT oe 
vs. Time +2uV/month . : +5uV/year is - 
vs. Turn On, 10 sec to 10 min +3uV . . * * * 


INPUT BIAS CURRENT ‘ 
Initial, @ +25°C +100pA max % - +50pA max = +50pA max 


s 
vs. Temp, 0 to +70°C t4pA/°C max +2pA/°C max +1pA/°C max 1pA/°C max 0.5pA/°C max 0.5pA/°C max 
vs. Supply Voltage +0.5pA/% ss 7 0.2pA/% =. = 


INPUT IMPEDANCE 


Inverting Input to Signal Ground 300k ohms " : : . * 
INPUT NOISE 
Voltage, 0.01 to 1Hz 0.7uV p-p 7 . 0.5uV p-p 2uV p-p max 2uV p-p max 
0.1 to 10Hz 1.5uV p-p : : 3.5uV p-p o* Ros 
10Hz to 10kHz 2uV rms . : SUV rms 2s a 
Current, 0.01 to 1Hz 2 pA p-p i . . 10pA p-p -* me 
0.1 to 10Hz 4pA p-p f i 30pA p-p ie ne 
INPUT VOLTAGE RANGE 
(-) Input to Signal Ground +15V max . : . 
POWER SUPPLY (V dc)? . 
Rated Performance +15V@5mA . i 7 i “= 
Operating +(12 to 18)V . : i . 
TEMPERATURE RANGE . 2 
Rated Specifications 0 to +70°C 7 7 
Operating -25°C to +85°C  * ° 7 : ; 
Storage -25°C to +100°C * -55°C to +125°C * a 
NOTES 
*Specifications same as model 234]. ? Externally adjustable to zero. 
**Specifications same as model 235]. > Recommended power supply: Analog Devices model 904, +15V dc @ 50mA. 


1 
Model 235 overload recovery, 10 sec typ. Specifications subject to. change without notice. 


OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 
Vn, MODEL 235 


0.01 — 1Hz [> 1.51 MAX (38,1) —+} 
0.41 max? 
noa) 
Vn, MODEL 233 
0.01 — 1Hz | | eye 
. 0.20 MIN (5.0) 0.25 MAX (6.4) 
ro rr +V5 
H+ +V,6 1 
* 
In, MODEL 235 COM 7 \ : 50k 
0.01 — 1Hz 1.51 MAX s a (~ 
(38.1) | NOTES: 
| 1 l *Connect Trim Terminal to Common 
_d if Trim Pot is not used, 
0.1GRID 1. SG Tied to Common, 
. BOTTOM VIEW (2.54) 2. Mating Socket AC1010. 
Model 235 Voltage and Current Noise. Model 233 Voltage 3, Weight: 27 grams. 


Noise Shown for Comparison. 
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ANALOG 
DEVICES 


Low Noise 


Non-Inverting Chopper Amplifier 


FEATURES 
Non-Inverting Input 

10? 2 Common Mode Impedance 
Protected MOSFET Chopper 
Ultra Low Drift 0.1uV/°C, Max (261K) 
Guaranteed Low Noise of 0.4uVp-p (0. 01 to 1Hz) 
Low Cost 


APPLICATIONS 

Microvolt & Millivolt Measurements 
Meter & Recorder Preamplifier 
Semiconductor Strain Gage Amplifier 
Biological Sensors 

Potentiometer Buffer 


GENERAL DESCRIPTION 

Model 261 is a low cost non- inverting chopper amplifier fea- 
turing ultra low drift of 0.1uV/°C, open loop gain of greater 
than 10 million V/V and guaranteed low noise performance of 
0.4uV p-p max in a 0.01 to 1Hz bandwidth. It is ideally suited 
for low level pre-amplifier applications where high input im- 
pedance and low noise are essential. 


Model 261 also offers a solution to beat frequency problems 
caused by a low frequency carrier mixing with harmonics of 
the ac line. Its carrier frequency of 3500Hz is nearly a decade 
higher than that of models previously available. The required 
harmonic of the ac line that could cause interference with a 
3500Hz carrier has negligible energy content and beat frequen- 
cies are eliminated. As a further protection against interfering 
signals, model 261 has been completely shielded internally. 
This protective shield reduces interference due to RF signals, 
as well as carrier signals from adjacent chopper amplifiers. 


Still another advantage of the 261 due to its higher chopper 
frequency and shielded design is an output signal that is free 
from both distortion and chopper spikes. The result is a design 
that can process low level signals while maintaining low dis- 
tortion and high signal to noise ratios. 


CHOPPER VS. CHOPPER-STABILIZED 

Most conventional ultra-stable amplifiers are chopper-stabilized 
to achieve low drift. In these units, the higher frequency signal 
components are separated and directly amplified, while the 
low frequency and dc components are separately chopped, 
amplified, demodulated, and then summed with the high 
frequency components in an output stage. This method pro- 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application, Additional infor- 
mation on this product can be found in Volume II, page 4-27. 


MODEL 261 FUNCTIONAL BLOCK DIAGRAM 


Comp. Capacitor 
(external) 


AC Coupled 
Amplifier 


Synchronous 
Demodulator 4 


OUT 
Output 
DC Amplifier 


MOSFET 
Chopper 


Oscillator 


vides wide bandwidth and excellent performance at the ex- 
pense of increased cost and complexity. Since many require- 
ments for ultra-low drift amplification involve only de and low 
frequency signals, the additional high frequency amplifier 
stage found in most chopper-stabilized amplifiers has been 
eliminated from the model 261. This design approach has 
made it possible to achieve a practical non-inverting configura- 
tion, which retains the advantages of low cost and small size. 
The input stage of the model 261 chops the signal at a 3500Hz 
rate, resulting in a maximum useful -3dB bandwidth of about 
100Hz. For increased flexibility in meeting specific design re- 
quirements, terminals are provided for an external compensa- 
tion capacitor, which determines the amplifier’s gain-bandwidth 
product. 


INPUT IMPEDANCE 

One of the prime advantages of the non-inverting amplifier is 
the capability of bootstrapping the input impedance up to the 
level of the common mode impedance. For the model 261, 
this means that the 40kQ2 open loop input resistance will be 
multiplied by the oper. loop gain times the feedback factor. 
With a typical open loop gain of 40 x 10°, closed loop gains 
of up to 1600 will allow the user to realize 10’ Q input resis- 


tance. Even at a gain of 10,000, the effective input resistance 


O 0 
will be over 100 megohms. (i.e.) (40K) IO” = 160MQ. 
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SPECIFICATIONS | ead @ +25°C and +15V dc unless — sah 


Model 


261) 261K 
OPEN LOOP GAIN 
DC rated load 10’ V/V min * 
RATED OUTPUT 
Voltage t10V min : 
Current +5mA min bd 
Load Capacitance Range 0 to 0.001yF * 
FREQUENCY RESPONSE 
Small Signal, -3dB 100Hz . 
Full Power Response 2-50Hz min = 
Slewing Rate 100V/simin 
Overload Recover 300ms . 
INPUT OFFSET VOLTAGE’ 
External Trim Pot 50kQ es 
Initial Offset, +25°C +25uV max ‘ 
Avg vs Temp (0 to +70°C) +0.3uV/°C max +0.1uV/°C max 
Supply Voltage +0.1V/% * 
Time +4%uV/month . 
Warm-Up Drift <3uV in 20 minutes. * 
INPUT BIAS CURRENT 
Initial Bias, +25°C, + Input +300pA_ max m 
Avg vs Temp (0 to +70°C) +10pA/°C max . 
Initial Bias, +25°C, - Input +10nA max . 
Avg vs Supply Voltage t3pA/% i 
INPUT IMPEDANCE 
Differential 40kQQ||0.01uF * 
Common Mode 10°? Q||0.02uF i 
INPUT NOISE 
Voltage, 0.01 to 1Hz, p-p 0.4uV max od 
0.01 to 10Hz, p-p 1.0uV max i 
Current, 0.01 to 1Hz, p-p 8pA = 
0.01 to 10Hz, p-p 20pA me: 
INPUT VOLTAGE RANGE 
Common Mode Voltage +0.5V min +1.0V min 
Common Mode Rejection 300,000 , 
Max Safe Differential Voltage t20V 
__Max Safe Common Mode Voltage +20V : 
POWER SUPPLY’ 
Voltage, Rated Specification +(14 to 16)V , 
Voltage, Operating +(13 to 18)V . 
Current, Quiescent +7mA . 
TEMPERATURE RANGE 
Rated Specifications 0 to +70°C : 
Operating -25°C to +85°C 
Storage -55°C to +125°C : 
MECHANICAL 
Case Size 1.5" x 1.5" x0.62" = * 
Mating Socket AC1022 * 
Weight 1.75 oz. (50g) - 


1 Ground trim terminal if trim potentiometer is not used. 
? Recommended power supply, ADI model 904, +15V @ 50mA output. 


*Specifications same as for model 261J. 


Specifications subject to change without notice. 
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OUTLINE DIMENSIONS. 


Dimensions shown in inches and (mm). 


1.51 MAX 
-_— "sein 


| -— 0.04 DIA. 
(1.02) 
0.20 MIN., 0.25 MAX. 
(5 to 6.4) 


sa a 1 man 


BOTTOM VIEW 


. Trim terminal should be grounded: if potentiometer 
is not used. 

. See Note 1 below for cap value. Use Polycarbonate, 
Mylar, Mica, Glass, or Polystyrene capacitor for 
best performance. 


MATING SOCKET 
AC1022 


R.O. is connection for compensation capacitor. 
. Bottom View Shown. 
Mounting holes 0.141 Dia., countersunk 82° to 


. Allin line pins spaced 0.2”. 
. Dimensions in inches. 
. Markings printed on socket. 


Instrumentation & Isolation Amplifiers 
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Selection Guide 
Instrumentation & Isolation Amplifiers 


The abbreviated specifications listed here permit a choice on the basis of the key parameters of instrumentation amplifiers, 
depending on which parameters are critical for the application. Complete and detailed specifications can be found in the 
data-sheet section. 


Descriptive information on instrumentation and isolation amplifiers and a guide to specifications are provided on the 
following pages. Devices that perform instrumentation-amplifier functions can also be found in section 15 (Data Acquisition 
Subsystems). 


All specifications are typical at rated supply voltage and load, and Ta = 25°C, unless otherwise noted. 


SELECTION GUIDE — INSTRUMENTATION AMPLIFIERS 


Monolithic IC Hybrid IC Monolithic Hybrid IC Hybrid IC 
AD521J(K)(L)(S)! AD522A(B)(S)! AD524J(K)(L)(S) AD612A(B)(C)| AD614A(B) 
GAIN 
Range V/V 0.1 to 1000 1 to 1000 1 to 1000 1 to 1024 1 to 1024 
Nonlinearity (G = 100) —% max | 0.2(0.2)(0.1)(0.2) 0.01(0.005)(0.005) 0.02(0.01)(0.005)(0.02) 0.001 0.001 
RATED OUTPUT — V de/mA +10/+5 


DYNAMIC RESPONSE 
Small Signal (-3dB) 
G = 1000 
Full Power Frequency 
Slew Rate — V/us 


OFFSET VOLTAGE 
Input Offset Voltage 
vs. Temperature 


40kHz 300Hz 25kHz 10kHz 20kHz 
100kHz 1.5kHz — = = 
10 0.1 5 1 1 
+400(200)(200)uV max 
POON 


3(1.5)(1)(1.5)uV max 
15(15)(2)(5)uV/°C 


+200UV 
+5(2)(1)uV/°C 


250(100)(25)(100)uV 

3(1.5)(0.5)(1.5) VPC 

Output Offset Voltage 400(1200)(100)( 200)uV max ImV(500HV)(250nV)(500uV) 
vs. Temperature 400(150)(75)(1 50)uv/° C 50(20)(1 0)(20)uv/° C 


INPUT BIAS CURRENT ~— nA max | +80(40)(40)(40) +25(15)(25) 50(70)(10)(50) +100 


INPUT IMPEDANCE 
Common Mode — 2 6 X 10!° 10° 10? 10? - 10° 


COMMON MODE 
REJECTION RATIO 
min @ 1kQ Source Unbalance, 
CMV =+10V 
G=1-—dB 70(74)(74)(74)? 75(80)(85) de to 30Hz 70(75)(80)(70) 74 74 
G=10—-—dB 90(94)(94)(94)? 90(95)(90) de to 10Hz 90(95)(100)(90) 80 80 
G= 1000 — dB 100(110)(110)(1 10)? 100(110)(100) dc to iHz]} 115(125)(130)(190) 94 94 


Volume I 
Page 5-23 5-23 


' Processing to MIL-STD-883B available. 
7 DC to 60Hz. 


+200LV 
+5(2)uV/°C 
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SELECTION GUIDE — ISOLATION AMPLIFIERS 


Max Input/Output CMV 


Nonlinearity 


Output Voltage 


Gain Range 


Synchronized Operation 


Output Amplifier 
Isolated Power Out 
Defibrillation Protection 
Three Port Isolation 


Volume | 
Page 


Volume II 
Page 


+2500V dc pk max 
+1500V dc pk max 
+850V dc pk max 


+0.012% 
+0.025% 
+0.050% 
+0.100% 


DV: 
+10V 
1—1000V/V 


1—100V/V 
1—10V/V 


With External Oscillator 
With Internal Oscillator 


HYBRID 


5 ee a Be 
json] sar] ser] sar] sar f sus] se | sr | so 


See Signal Conditioners for other analog/analog products with input/output 
isolation—including current-output devices. 
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Orientation 


Instrumentation & Isolation Amplifiers 


An instrumentation amplifier is a committed “gain block” that 
measures the difference between the voltages existing at its 
two input terminals, amplifies it by a precisely set gain — usually 
from 1V/V to 1000V/V or more — and causes the result to 
appear between a pair of terminals in the output circuit. 
Referring to Figure 1, 


Vs — Vr = G (V+ —V-) 


An ideal instrumentation amplifier responds only to the differ- 
ence between the input voltages. If the input voltages are equal 
(V+ = V- = Vcm, the common-mode voltage), the output of 
the ideal instrumentation amplifier will be zero. 


DC POWER 
SUPPLIES 


OFFSET 
ADJUST 


Vout = Vin {f(Rg)} 
OR 


Vout = Vin }f(RgRs)} 


ERROR VOLTAGE 
AND/OR GROUND 
DROPS 


SUPPLY GROUND 
(LOAD RETURN) 


EXTERNAL GAIN-SETTING RESISTOR OR 

RESISTOR-PAIR. 

Figure 1. Basic Instrumentation Amplifier 
Functional Diagram 


An amplifier circuit which is optimized for performance as an 
instrumentation-amplifier gain block has high input impedance, 
low offset and drift, low nonlinearity, stable gain, and low | 
effective output impedance. It is commonly used for applica- 
tions which capitalize on these advantages. Examples include: 
transducer amplification — for thermocouples, strain-gage 
bridges, current shunts, and biological probes, preamplification 
of small differential signals superimposed on high common- 
mode voltages, signal conditioning and (moderate) isolation 
for data acquisition, and signal translation for differential and 
single-ended signals wherever the common “ground” is noisy 
or of questionable integrity. | 


Instrumentation-amplifiers are usually chosen in preference 

to user-assembled op-amp circuitry, because they offer op- 
timized, specified performance in low-cost, easy-to-use, 
compact packages, If the application calls for high com- 
mon-mode voltages (typically, voltages in excess of the amplifier 
supply voltage), or if isolation impedances must be very high 
(e.g., 10°, with galvanic isolation, as in medical and indus- 
trial applications), the designer should consider an isolation 
amplifier. 
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SPECIFYING INSTRUMENTATION AMPLIFIERS 

The instrumentation amplifier chosen for a given application 
will be the lowest-cost device that satisfies the performance 
and environmental requirements. In addition to the products 
listed here, which are recommended for new designs, a number 
of older products are still available; data sheets are available 
upon request. It is essential that the designer have a firm un- 
derstanding of the specifications of instrumentation ampli- 
fiers and of the contributions of the various sources of error 
to the total error. The data sheets provide much useful applica- 
tion data on these devices, as well as examples of basic error 
analyses. 


Definitions of the key specifications follow a brief discussion 
of instrumentation-amplifier architectures. For more-complete 
information on the fundamentals and applications of instru- 
mentation amplifiers, a number of publications are available 
from Analog Devices.! »?»9 


INSTRUMENTATION-AMPLIFIER ARCHITECTURE 

All Analog Devices instrumentation amplifiers have two high- 
impedance input terminals, a set of terminals for gain- 
programming, an “‘output”’ terminal, and a pair of feedback 
terminals, labeled sense and reference, as well as terminals for 
power supply and offset trim.* 


Two basic circuit concepts are employed. The AD522, AD612 
and AD524 use variations of the well-known three-op-amp 
configuration, consisting of a differential input-output gain 
stage and subtractor stage. Gain (#1V/V) is set by the choice 
of a single gain-setting resistor, Rg. When the sense (Vs) feed- 
back terminal is connected to the output terminal, and the 
reference terminal (Vp) is connected to power common, 
the output voltage appears between the output terminal and 
power common. 


The Vs and Vp terminals may be used for remote sensing — to 
establish precise outputs in the presence of line drops; they 
may be used with an inside-the-loop booster follower to obtain 
power amplification without loss of accuracy; and they may be 
used to establish an output current that is precisely propor- 
tional to the difference signal. A voltage applied to the Vp 
terminal will bias the output by a predetermined amount. It is 
important always to maintain very low impedance (in relation 
to the specified Vs and Vp input impedances), when driving 
the Vs and Vp inputs, in order not to introduce common-mode, 
gain, and/or offset errors. In devices using the 3-amplifier con- 
figuration, the Vp terminal is sometimes used for “tweaking” 
common-mode rejection. 


1 “Isolation and Instrumentation Amplifiers Designer’s Guide, 1978 
edition, available upon request. 

2A User’s Guide to IC Instrumentation Amplifiers,’ by J. Riskin, 
1978, available upon request. _ 

3 Transducer Interfacing Handbooks, D.H. Sheingold, ed., 1980, 
$14.50, Analog Devices, Inc., P.O. Box 796, Norwood, MA 02062. 


*In Model 612, sense is internally connected to the output terminal. 


SPECIFICATIONS 

Specification tables are generally headed by the legend: “‘speci- 
fications are typical at V5 = +15V, Ta = +25°C, and rated 
load, unless otherwise noted.” This tells the user that these are 
the normal operating conditions under which the device is test- 
ed. Deviations from these conditions might degrade (or im- 
prove) performance. When deviations from the ‘“‘normal” con- 
ditions are likely (such as a change in temperature), the sig- 
nificant effects are usually indicated within the specs. 
“Typical” means that the manufacturer’s characterization 
process has shown this number to be “average,” but individual 
devices vary. 


Specifications not discussed in detail are self-explanatory and 
require only a basic knowledge of electronic measurements. 
Such specs are not uniquely pppheable to instrumentation 
amps. 


GAIN These specifications refer to the linear transfer function 
of the device; for example, the AD522 gain equation is: G = 


1 + a. The value of Rg for a given gain value is: 
Rg = ae. For example, if G is to be 100 V/V, 


Rg = 2020.2 ohms. 


Gain Range Specified at 1 to 1000, for example, the device 
may work at higher gains (1 V/V is minimum, except for the 
AD521), but the manufacturer does not specify performance 
outside the range. In practice, noise and drift may make higher 
gains impractical for a given device. 


Equation Error (or “Gain Accuracy”) The number given by this 
specification describes deviation from the gain equation when 
Rg is at its nominal value (or, in the case of model 612, when 
connected for a given gain). The user can trim the gain or com- 
pensate for gain error elsewhere in the overall system. Systems 
using microprocessors (or computers, or other digital ‘‘intelli- 

- gence’’) can be made self-calibrating, to take into account the 
lumped gain errors of all the stages in the analog portion of the 
system, from transducer to a/d converter. 


Nonlinearity (or Gain Nonlinearity) Nonlinearity is defined as 
the deviation from a straight line on the plot of output vs. in- 
put. The magnitude of linearity error is the maximum deviation 
from a “‘best straight line,”’ with the output swinging through 
its full-scale range. Nonlinearity is usually specified in percent 
of full-scale output range. 


Gain vs. Temperature These numbers give the deviations from 
the gain equation as a function of temperature. 


SETTLING TIME is defined as that length of time required for 
the output voltage to approach and remain within a certain (+) 
tolerance of its final value. It is usually specified for a fast step 
that will drive the output through its full-scale range and it in- 

cludes slewing time. Since several factors contribute to the 


overall settling time, fast settling to 0.1% does not necessarily 
mean proportionally fast settling to 0.01%, nor is settling time 
necessarily proportional to gain. Principal contributing factors 
include slew-rate limiting, underdamping (ringing), and thermal 
gradients (“‘long tails’). 


VOLTAGE OFFSET Voltage offset and common-mode re- 
jection (see below) specifications are often considered the key 
figures of merit for instrumentation amplifiers. While initial 
offset can be adjusted to zero, shifts in offset voltage with time 
and temperature introduce errors. Systems that involve “‘in- 
telligent”’ processors can correct for offset errors in the whole 
measurement chain, but such applications are still relatively in- 
frequent; in most applications, the instrumentation amplifier’s 
contribution to system offset error must be defined. 


Voltage offset and offset drift in instrumentation amplifiers 
are functions of gain. 4 The offset, measured at the output, is 
equal to a constant plus a term proportional to gain. For an 
amplifier with specified performance over a gain range from 1 
to 1000, the constant is essentially the offset at unity gain, and 
the proportionality term (or slope) is equal to the change in 
output offset between G = 1 and G = 1000, divided by 999. To 
refer offset to the input (RTI), divide the total output offset 
by the gain. Since offset at a gain of 1000 is dominated by the 
proportional term, the slope is often called the “RTI offset, 

G = 1000,” At any value of gain, the offset is equal to the 
unity-gain offset plus the product of the gain and the “RTI 
offset, G = 1000”. 


The same considerations apply to the offset drift. For example, 
the maximum RTI drift of the eae. is specified at 25uV/°C 


at G = 1, 2uv/°C at G = 1000, and (24 2)uv/°C at any arbi- 


trary gain in the range. Thus, the output drift is (25 + 2G)uV/°C 
at any gain, G, in the range. The data sheets provide offset- 
vs.-gain plots, but the function is easily computed in the man- 
ner described above. 


Voltage offset as a function of power supply level is also speci- 
fied RTI at one or more gain settings. 


INPUT BIAS AND OFFSET CURRENTS Input bias currents 
are those currents needed to bias the input transistors of a dc 
amplifier or to supply the junction-leakage of FET’s. FET-input 
devices have lower bias currents than those using bipolar tran- 
sistors, but FET leakage currents increase dramatically with 
temperature, approximately doubling every 11°C. Since bias 
currents can be considered as a source of voltage offset (when ° 
multiplied by source resistance), the change in bias currents is 
of more‘concern than the magnitude of the bias currents. Input 
offset current is the difference between the two input bias 
currents. 


“There is a good explanation of the specification of offset in 
instrumentation amplifiers in ANALOG DIALOGUE 6-2 
(1972), p.14 
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Important Note 

Although instrumentation amplifiers have differential 
inputs, there must be a return path for the bias currents. 
If it is not provided, those currents will charge stray 
capacitances, causing the output to drift uncontroll- 
ably or to saturate. Therefore, when amplifying out- 


puts of “floating” sources, such as transformers and 
thermocouples, as well as ac-coupled sources, there 
must still be a dc path from each input to common, 
or to the guard terminal. If a dc return path is im- 
practicable, an isolator must be used. 


COMMON-MODE REJECTION (CMR) is a measure of the 
change in output voltage when both inputs are changed by 
equal amounts. CMR is usually specified for a full-range com- 
mon-mode voltage change (CMV), at a given frequency, and a 
specified imbalance of source impedance (e.g. 1k$2 source un- 
balance, at 60Hz). CMR is a logarithmic expression of the 
common-mode rejection ratio (CMRR): CMR = 20 logio 
(CMRR). The common-mode rejection ratio is defined as the 
ratio of the signal gain, G, to the ratio of common mode signal 
appearing at the output to the input CMV. 


In most instrumentation amplifiers, the CMR increases with 
gain, because the front-end configuration does not amplify 
common-mode signals, and the amount of common-mode sig- 
nal appearing at the output stays relatively constant as the 
signal gain (G) increases. 


However, at higher gains, amplifier bandwidth decreases. Since 
differences in phase shift through the differential input stage 
will show up as common-mode errors, CMR becomes more fre- 
quency-dependent at high gains. 


ISOLATION AMPLIFIERS 

The isolation amplifier (or isolator) has an input circuit that 
is galvanically isolated from the power supply and the output 
circuit. Isolators are intended for applications requiring safe, 
accurate measurement of dc and low-frequency voltage or 
current in the presence of high common-mode voltage (to 
thousands of volts) with high CMR, line-receiving of signals 
transmitted at high impedance in noisy environments, and for 
safety in general-purpose measurements where dc and line-fre- 
quency leakage must be maintained at levels well below certain 
mandated minima.* Principal applications are in electrical en- 
vironments of the kind associated with medical equipment, 
conventional and nuclear power plants, automatic test equip- 
ment, and industrial process-control systems. 


Analog Devices Isolators described in this catalog use electro- 
magnetically coupled high-frequency carrier techniques for 
communication of power to and signals from the input circuit. 


*Examples of such requirements may be found in UL STD 544 and 
SWC (Surge Withstand Capability) in IEEE Standard for Transient 
Voltage Protection 472-1974. 

1 Analog Devices Isolation and Instrumentation Amplifiers Designer's 
Guide” (1980) 
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CHOOSING AN ISOLATOR 

The choice of an isolator depends on the desired functional 
characteristics and the required specifications. Functional 
characteristics include such considerations as number of chan- 
nels, range of output common-mode (output to power sup- 
ply), nature of the front-end amplifier (amplification only or 
general op-amp functioning), and the availability of isolated 
power for additional external front-end circuitry. Key specifi- 
cations include performance specs and “‘absolute max/min”’ 
mandated safety specifications. Definitions of specifications 
follow this section. In addition to the products listed here, 
which are recommended for new designs, a number of older 
products are still available; data sheets are available upon re- 
quest. In addition to the useful applications information on 
the data sheets published here, a designers’ guide’ , available 
upon request, provides information useful to the circuit 
designer. 


Functional Characteristics The basic design of both amplifiers 
is identical. As shown in Figure 1, an amplifier is divided into 
three isolated sections—input, output, and power—coupled 
together by a single transformer. A power oscillator (which 
may be powered by system power or a separate power source) 
furnishes isolated power to the input amplifier, plus a carrier, 
which is modulated by the amplified input signal, coupled 
across the isolation barrier to the output section, demodulated, 
and buffer-amplified by a system-powered output amplifier. 


Two significant innovations are responsible for the small size 
and excellent performance of these amplifiers. The first is an 
ultra-compact transformer, using screened wiring and well- 
conceived assembly technology. The second is an improve- 
ment in the use of the flyback (unclamped) portion of a 
blocking-oscillator waveform as the modulated signal carrier 
(U.S. Patent 4,286,225). 


AD293/AD294 
OUTPUT 


DEMODULATOR | ain | DEMODULATOR 


ie OSCRLATOR aa: 
alee = ee 


REFERENCE 


POWER OSCILLATOR 


Figure 1. AD293/AD294 Block Diagram 


As the block diagram shows, the synchronizable oscillator 
requires a two-wire power supply, which may be different (and 
(and isolated) from the power supply for the output ampli- 
fier, A2. The oscillator’s output is coupled to (and loaded by, 
but isolated from) the circuitry connected to the other five 
identical transformer windings. One winding delivers power to 
the input amplifier, Al. 


The flyback portion of the oscillator waveform is amplitude- 
modulate by A1’s output signal, then coupled through separ- 
ate transformer windings to a demodulator (I) in the ampli- 
fier’s feedback path. Since A1 is an operational amplifier, the 
feedback signal must replicate the input signal (gain, from 1 to 
100V/V, is equal to 1 + Rg/Rg), and the transformer flux 
during flyback must be whatever is necessary to make this 
happen. The common flux, through an identical winding, 
applied to an identical demodulator (II), causes its output to 


be very nearly identical to the voltage at the output of the 
first demodulator, i.e., an accurately amplified version of the 
input signal. The other winding connected to Demodulator II 
provides a reference signal. The output of the demodulator is 
filtered and buffered by output amplifier, A2, which may be 
connected for gain values from 1 to 10V/V. 


The AD293 and AD294 are 3-port isolators; the input, output, 
and power sections are mutually isolated from one another. 
The use of separate substrates for the spiral-winding triplets 

of the transformer makes possible isolation of £2500V (peak 
or continuous) for the AD293, and +8000V (peak, 10ms 
pulse) for the AD294, between the input and output/power 
circuits. The high-temperature-fired dielectrics between the 
individual windings permit 500V rms of isolation between the 
output and power ports. 


. 
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ANALOG _ Integrated Circuit : 
DEVICES Precision Instrumentation Amplifier 


FEATURES 


Programmable Gains from 0.1 to 1000 
Differential Inputs 
High CMRR: 110dB min 
Low Drift: 2uV/°C max (L) 
Complete Input Protection, Power ON and Power OFF | 
Functionally Complete with the Addition of Two Resistors 
Internally Compensated : 
- Gain Bandwidth Product: 40MHz 
Output Current Limited: 25mA 
Very Low Noise: 0.5uV p-p, 0.1Hz to 10Hz, RTI @ G = 1000 
Extremely Low Cost 


TO-116 


PRODUCT DESCRIPTION ue glee esta geartardan) | we 

The AD521 is a second generation, low cost, monolithic IC 1. The AD521 is a true instrumentation amplifier in integrated 
instrumentation amplifier developed by Analog Devices. As a circuit form, offering the user performance comparable . 
true instrumentation amplifier, the AD521 is a gain block with - Many modular instrumentation amplifiers at a fraction o 


differential inputs and an accurately programmable input/ the cost. 

output gain relationship. 2. The AD521 has low guaranteed input offset voltage drift 
The AD521 IC instrumentation amplifier should not be con- (2uv/C OEE Grade) ado wnelve FOr Prcesion; ten gan 
fused with an operational amplifier, although several manu- apPHeanOnss a 
facturers (including Analog Devices) offer op amps which can 3. The AD521 1s functionally complete with the addition of 
be used as building blocks in variable gain instrumentation two resistors. Gain can be preset from 0.1 to more than 
amplifier circuits. Op amps are general-purpose components 1000. 

which, when used with precision-matched external resistors, 4. The AD521 is fully protected for input levels up to 15V 
can perform the instrumentation amplifier function. beyond the supply voltages and 30V differential at the 

An instrumentation amplifier is a precision differential volt- i a 

age gain device optimized for operation in a real world envi- 5. Internally compensated for all gains, the AD521 also offers 
ronment, and is intended to be used wherever acquisition of a the user the provision for limiting bandwidth. 

useful signal is difficult. It is characterized by high input im- 6. Offset nulling can be achieved with an optional trim pot. 
pedance, balanced differential inputs, low bias currents and 7. The AD521 offers superior dynamic performance with a 
high CMR. gain-bandwidth product of 40MHz, full peak response of 
As a complete instrumentation amplifier, the AD521 requires 100kHz (independent of gain) and a settling time of 5us 
only two resistors to set its gain to any value between 0.1 and to 0.1% of a 10V step. 


1000. The ratio matching of these resistors does not affect the 
high CMRR (up to 120dB) or the high input impedance (3 X 
10°22) of the AD521. Furthermore, unlike most operational 
amplifier-based instrumentation amplifiers, the inputs are 
protected against overvoltages up to +15 volts beyond the 
supplies. 


The AD521 IC instrumentation amplifier is available in four 
different versions of accuracy and operating temperature range. 
The economical “J”’ grade, the low drift ‘“‘K”’ grade, and the 
lower drift, higher linearity ‘‘L’’ grade are specified from 0 to 
+70°C. The “‘S” grade guarantees performance to specification 
over the full MIL-temperature range: -55°C to +125°C and is 
available screened to MIL-STD-883, Class B. All versions are 
packaged in a hermetic 14-pin DIP. 


INSTRUMENTATION & ISOLATION AMPLIFIERS VOL. I, 5-9 


ot vt 


SPECIFICATIONS : (typical @ Vs = 15V, RL = 2kQ a Ta = 25°C unless otherwise specified) 


AD521SD 
MODEL ADS521JD AD521KD AD521LD (AD521SD/883B) 
GAIN . i 
Range (For Specified Operation, Note 1) 1 to 1000 
Equation G = Rsg/Rg V/V 
Error from Equation (40.25 —0.004G)% 
Nonlinearity (Note 2) . 
1<G<1000 0.2% max < 0.1% max 
Gain Temperature Coefficient +(3 £0.05G)ppm/°C + 7 +(15 +0.4G)ppm/°C 
OUTPUT CHARACTERISTICS 
Rated Output +10V, t10mA min : 
Output at Maximum Operating Temperature +10V © 5mA min ‘ 
Impedance 0.12 : ‘ . 


DYNAMIC RESPONSE ‘ 
Small Signal Bandwidth (+3dB) 


G=1 >2MHz : - *. 
G=10 300kHz ‘ . i 
G = 100 200kHz * : : 
G = 1000 40kHz if . 
Small Signal, 1.0% Flatness 
G=1 75kHz . * 
G=10 26kHz . Bg , : 
G= 100 24k Hz : . i: 
G = 1000 6kHz bg * i 
Full Peak Response (Note 3) 100kHz : . : 
Slew Rate, 1G < 1000 10V/us : * P 
Settling Time (any 10V step to within 10mV of Final Value) 
G=1 7s . . . 
G=10 Sus . * 7 
G = 100 10s . ° : 
G = 1000 35s * af 


Differential Overload Recovery (+30V Input to within 
10mV of Final Value) (Note 4) 
G = 1000 50us - ? . 
Common Mode Step Recovery (30V Input to within 
10mV of Final Value) (Note 5) 


G = 1000 10ps * * * 
VOLTAGE OFFSET (may be nulled) 
Input Offset Voltage (Vos) 3mV max (2mV typ) 1.5mV max (0.5mV typ) 1.0mV max (0.5mV typ) Me 
vs. Temperature 15uV/C max (7uV/C typ) 5uV/C max (1:5uV/C typ) 2uv/°C max oe 
vs. Supply 3uV/% > . . 
Output Offset Voltage (Voso) 400mV max (200mV ey 200mV max (30mV uy 100mV max oe 
vs. Temperature 400uV/°C max (150nV/°C typ) 150uV/C max (SOuV/C typ) 75uV/°C max oe 
vs. Supply (Note 6) 0.005 Vo55/% 7 . - 
INPUT CURRENTS 
Input Bias Current (either input) 80nA max 40nA max = _ 
vs, Temperature InA/C max 500pA/°C max ee bia 
vs. Supply 2%/V bs * : 
Input Offset Current 20nA max 10nA max mie bias 
vs. Temperature 250pA/°C max 125pA/°C max ae on 
INPUT 
Differential Input Impedance (Note 7) 3x 10° Q\|1.8pF 7 
Common Mode Input Impedance (Note 8) 6x 10! °O113.0pF . 
Input Voltage Range for Specified Performance 
(with respect to ground) +10V : * * 
Maximum Voltage without Damage to Unit, Power ON 
or OFF Differential Mode (Note 9) 30V . 
Voltage at either input (Note 9) Vs t15V . 
Common Mode Rejection Ratio, DC to 60Hz with 1kQ 
source unbalance 
G=1 : 70dB min (74dB typ) 74dB min (80dB typ) ee oe 
G=10 90dB min (94dB typ) 94dB min (J00dB typ) os ee 
G = 100 100dB min (104dB typ) 104dB min (114dB typ) *e + 
_ G= 1000 100dB min (110dB typ) 110dB min (120dB typ) oe oe 
NOISE P 
Voltage RTO (p-p) @ 0.1Hz to 10Hz (Note 10) V(0.5G)? + (225)° nV . : 
RMS RTO, 10Hz to 10kHz (1.2G)° + (50)" nV * . 
Input Current, rms, 10Hz to 10kHz 15pA (rms) * 
REFERENCE TERMINAL 
Bias Current 3yA . Fs . 
Input Resistance 10MQ * 7 * 
Voltage Range +10V ‘ ° * 
Gain to Output 1 : ‘i . 
POWER SUPPLY : : 
Operating Voltage Range t5V to t18V . ‘J * 
Quiescent Supply Current 5mA max * . * 
TEMPERATURE RANGE 
Specified Performance 0 to +70°C i ed -55°C to +125°C 
Operating -25°C to +85°C ig . . -55°C to +125°C 
Storage -65°C to +150°C 7 : : 
PACKAGE OPTION:' TO-116 Style (D14A) AD521JD AD521KD. AD521LD AD521SD 


* See Section 20 for package outline information. 
*Specifications same as AD521JD. 


**Specifications same as AD521KD. 
Specit.cations subject tw change without notice. 
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. NOTES: 


1. Gains below 1 and above 1000 are realized by simply ad- 
justing the gain setting resistors. For best results, voltage at 
either input should be restricted to +10V for gains equal to 
or less than 1. 


2. Nonlinearity is defined as the ratio of the deviation from 
the ‘‘best straight line’’ through a full scale output range of 
+9 volts. With a combination of high gain and +10 volt output 
swing, distortion may increase to as much as 0.3%. 


3. Full Peak Response is the frequency below which a typical 
amplifier will produce full output swing. 


4. Differential Overload Recovery is the time it takes the ampli- 
fier to recover from a pulsed 30V differential input with 15V 
of common mode voltage, to within 10mV of final value. The 
test input is a 30V, 10s pulse at a 1kHz rate. (When a differ- 
ential signal of greater than 11V is applied between the inputs, 
transistor clamps are activated which drop the excess input 
voltage across internal input resistors. If a continuous overload 
is Maintained, power dissipated in these resistors causes temper- 
ature gradients and a corresponding change in offset voltage, 

as well as added thermal time constant, but will not damage 

the device.) 


5. Common Mode Step Recovery is the time it takes the amp- 
lifier to recover from a 30V common mode input with zero 
volts of differential signal to within 10mV of final value. The 
test input is 30V, 10us pulse at a 1kHz rate. (When a com- 
mon mode signal greater than Vs -0.5V is applied to the 
inputs, transistor clamps are activated which drop the excessive 
input voltage across internal input resistors. Power dissipated 
in these resistors causes temperature gradients and a correspon- 
ding change in offset voltage, as well as an added thermal time 
constant, but will not damage the device.) 


6. Output Offset Voltage versus Power Supply Change is a 
constant 0.005 times the unnulled output offset per percent 
change in either power supply. If the output offset is nulled, 
the output offset change versus supply change is substantially 
reduced. 


7. Differential Input Impedance is the impedance between the 
two inputs. 


8. Common Mode Input Impedance is the impedance from 
either input to the power supplies. 


9. Maximum Input Voltage (differential or at either input) is 
30V when using +15V supplies. A more general specification is 
that neither input may exceed either supply (even when * 

Vs = 0) by more than 15V and that the difference between the 
two inputs must not exceed 30V. (See also Notes 4 and 5.) 


10. 0.1Hz to 10Hz Peak-to-Peak Voltage Noise is defined as 
the maximum peak-to-peak voltage noise observed during 2 

of 3 separate 10 second periods with the test circuit of Fig- 
ure 10. 

DESIGN PRINCIPLE 

Figure 1 is a simplified schematic of the AD521. A differential 
input voltage, Vin, appears across Rg causing an imbalance in 
the currents through Qy and Q), Al=Vjn/Rg. That imbalance 
is forced to flow in Rg because the collector currents of Q3 
and Q, are constrained to be equal by their biasing (current 
mirror). These conditions can only be satisfied if the differen- 
tial voltage across Rg (and hence the output voltage of the 
AD521) is equal to AI X Rg. The feedback amplifier, Arg 


: Vv 
performs that function. Therefore, Vout = aus Rs or 
Rg 
Vout _ Rs 
Vin Rg’ 


Figure 1. Simplified AD521 Schematic 
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APPLICATION NOTES FOR THE AD521 
These notes ensure the AD521 will achieve the high level of 
performance necessary for many diversified IA applications. 


1, Gains below 1 and above 1000 are realized by adjusting 
the gain setting resistors as shown in Figure 2 (the resistor, 
Rg between pins 10 and 13 should remain 100kQ2 +15%, 
see application note 3). For best results, the input voltage 
should be restricted to +10V especially for gain equal to 
or less than 1. 


2. Provide a return path to ground for input bias currents. The 
ADS521 is an instrumentation amplifier, not an isolation 
amplifier. When using a thermocouple or other “floating”’ 
source, this return path may be provided directly to ground 
or indirectly through a resistor to ground from pins 1 and/ 
or 3, as shown in Figure 3. If the return path is not pro- 
vided, bias currents will cause the output to saturate, The 
value of the resistor may be determined by dividing the 
maximum allowable common mode voltage for the appli- 
cation by the bias current of the instrumentation amplifier. 


OUTPUT 


O SIGNAL 
COMMON 


we-----H 

OPTIONAL 
OFFSET 
TRIM 


Figure 2. Operating Connections for AD521 


3. The resistors between pins 10 and 13, (RscaLE) must equal 
100kQ2 +15% (Figure 2). If RscaE is too low (below 85kQ) 
the output swing of the AD521 is reduced. At values below 
80k82 and above 120k22 the stability of the AD521 may be 
impaired. 


4. Do not exceed the allowable input signal range. The line- 

arity of the AD521 decreases if the inputs are driven within 
5 volts of the supply rails, particularly when the device is 
used at a gain less than 1. To avoid this possibility, atten- 
uate the input signal through a resistive divider network and 
use the AD521 as a buffer, as shown in Figure 4.. The resis- 
tor R/2 matches the impedance seen by both AD521 in- 
puts so that the voltage offset caused by bias currents will 

_ be minimized. 
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c). AC Coupled, Indirect Return 


Figure 3. Ground Returns for “Floating” Transducers 


1. INCREASE Rg TO PICK UP GAIN LOST BY R 
DIVIDER NETWORK 

2. INPUT SIGNAL MUST BE REDUCED IN 
PROPORTION TO POWER SUPPLY VOLTAGE LEVEL 


Figure 4. Operating Conditions for Vin~V5= 10V 


tard 
a 
Ags 


yoF 


rs 
atl 
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5. Use the compensation pin (pin 9) and the applicable com- 
pensation circuit when the amplifier is required to drive a 
capacitive load. It is worth mentioning that coaxial cables 
can “invisibly” provide such capacitance since many popu- 
lar coaxial cables display capacitance in the vicinity of 30pF 
per foot. 


This compensation (bandwidth control) feature permits the 
user to fit the response of the AD521 to the particular appli- 
cation as illustrated by Figure 5. In cases of extremely high 
load capacitance the compensation circuit may be changed 
as follows: 


1. Reduce 68022 to 242 

2. Reduce 33022 to 7.5 

3. Increase 1000pF to 0.1uF 

4. Set Cx to 1000pF if no compensation was originally 
used. Otherwise, do not alter the original value. 


This allows stable operation for load capacitances up to 
3000pF, but limits the slew rate to approximately 0.16V/us. 


6. Signals having frequency components above the Instrumen- 
tation Amplifier’s output amplifier closed-loop bandwidth 
will be transmitted from V- to the output with little or no 
attenuation. Therefore, it is advisable to decouple the V- 
supply line to the output common or to pin 11.! 


when ft is the desired bandwidth. 


1 
og 1007 
(f, in kHz, Cx in uF) 
Figure 5. Optional Compensation Circuit 


INPUT OFFSET AND OUTPUT OFFSET 

When specifying offsets and other errors iii an operational 
amplifier, it is often convenient to refer these errors to the 
inputs. This enables the user to calculate the maximum error 
he would see at the output with any gain or circuit configura- 
tion. An op amp with 1mV of input offset voltage, for 
example, would produce 1V of offset at the output in a gain 
of 1000 configuration. 


In the case of an instrumentation amplifier, where the gain is 
controlled in the amplifier, it is more convenient to separate 


‘For further details, refer to “‘An I.C. User’s Guide to Decoupling, 
Grounding, and Making Things Go Right for a Change,” by A. 
Paul Brokaw. This application note is available from Analog Devices 
without charge upon request. 


errors into two categories. Those errors which simply add to 
the output signal and are unaffected by the gain can be classi- 


fied as output errors. Those which act as if they are associated 


with the input signal, such that their effect at the output is 
proportional to the gain, can be classified as input errors. 


As an illustration, a typical AD521 might have a +30mV output 
offset and a -0.7mV input offset. In a unity gain configuration, 
the total output offset would be +29.3mV or the sum of the 
two. At a gain of 100, the output offset would be -40mV or: 
30mV + 100(-0.7mV) = -40OmV. 


By separating these errors, one can evaluate the total error 
independent of the gain settings used, similar to the situation 
with the input offset specifications on an op amp. In a given 


- gain configuration, both errors can be combined to give a total 


error referred to the input (R.T.I.) or output (R.T.O.) by the 
following formula: ; 


Total Error R.T.I. = input error + (output error/gain) 


Total Error R.T.O. = (Gain x input error) + output error — 


The offset trim adjustment (pins 4 and 6, Figure 2) is associ- 
ated primarily with the output offset. At any gain it can be 


used to introduce an output offset equal and opposite to the 
input offset voltage multiplied by the gain. As a result, the.. 
total output offset can be reduced to zero. 


As shown in Figure 6, the gain range on the AD521 can be 
extended considerably by adding an attenuator in the sense 


terminal feedback path (as well as adjusting the ratio, Rg/Rgc). 
Since the sense terminal is the inverting input to the output 
amplifier, the additional gain to the output is controlled by 


Ry and R32. This gain factor is 1 + R2/Ry. 


O OUTPUT COMMON 


R Ri +R 
Vout = [vee (B)(v = 2) [eke = : 
1 


Figure 6. Circuit for utilizing some of the unique features of the 
AD521. Note that gain changes introduced by changing R1 and 
R2 will have a minimum effect on output offset if the offset is 
carefully nulled at the highest gain setting. 
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Where offset errors are critical, a resistor equal to the parallel a 
combination of Ry and R» should be placed between pin 11 
and Vrgr. This minimizes the offset errors resulting from the 
input current flowing in Ry and.R2 at the sense terminal. Note 
that gain changes introduced by changing the R,/R2 attenua- 
tor will have a minimum effect on output offset if the offset 

is carefully nulled at the highest gain setting. 


Rs 
=V —— 
VOUT IN R 


When a predetermined output offset is desired, Vpgr can be 
placed in series with pin 11. This offset is then multiplied by 
the gain factor 1 + R2/Ry as shown in the equation of 


Figure 6. Figure 7. Ground loop elimination. The reference input, Pin 11, 


allows remote referencing of ground potential. Differences in 
ground potentials are attenuated by the high CMRR of the 


AD5217, 

ish 100k 

0.15uF a 10k 
i. CHART 
RECORDER 
€ 5, 
COMMON 
2.5uF 
0.15uF 


-15V 


O COMMON 


Figure 8. Test circuit for measuring peak to peak noise in the 
bandwidth 0.1Hz to 10Hz. Typical measurements are found by 
reading the maximum peak to peak voltage noise of the device 
under test (D.U.T.) for 3 observation periods of 10 seconds each. 


VOL. 1, 5-14 INSTRUMENTATION & ISOLATION AMPLIFIERS 


ANALOG 
DEVICES 


FEATURES 

Performance 

Low Drift: 2.0uV/°C (AD522B) 

Low Nonlinearity: 0.005% (G = 100) 
High CMRR: >110dB (G = 1000) 

Low Noise: 1.5uV .p-p (0.1 to 100Hz) 
Low Initial Vos: 100uV (AD522B) 


Versatility 

Single-Resistor Gain Programmable: 1 < G 
Output Reference and Sense Terminals 
Data Guard for Improving ac CMR 

Value 

Internally Compensated 

No External Components except Gain Resistor 
Active Trimmed Offset, Gain, and CMR 


< 1000 


PRODUCT DESCRIPTION 

The AD522 is a precision IC instrumentation amplifier designed 
for data acquisition applications requiring high accuracy 

under worst-case operating conditions. An outstanding com- 
bination of high linearity, high common mode rejection, low 
voltage drift, and low noise makes the AD522 suitable for 

use in many 12-bit data acquisition systems. 


An instrumentation amplifier is usually employed as a bridge 
amplifier for resistance transducers (thermistors, strain gauges, 
etc.) found in process control, instrumentation, data processing, 
and medical testing. The operating environment is frequently 
characterized by low signal-to-noise levels, fluctuating tempera- 
tures, unbalanced input impedances, and remote location which 
hinders recalibration. 


The AD522 was designed to provide highly accurate signal con- 
ditioning under these severe conditions. It provides output off- 
set voltage drift of less than 10uV/°C, input offset voltage drift 
of less than 2.0uV/°C, CMR above 80dB at unity gain (110dB 
at G = 1000), maximum gain nonlinearity of 0.001% at G= 1, 
and typical input impedance of 10°Q. 


ee a 
¥ 


Instrumentation Amplifier 
AD922 


AD522 FUNCTIONAL BLOCK DIAGRAM 


14-PIN DIP 


This excellent performance is achieved by combining a proven 
circuit configuration with state-of-the-art manufacturing tech- 
nology which utilizes active laser trimming of tight-tolerance 
thin-film resistors to achieve low cost, small size and high relia- 
bility. This combination of high value with no-compromise per- 
formance gives the AD522 the best features of both mono- 
lithic and modular instrumentation amplifiers, thus providing 
extremely cost-effective precision low-level amplification. 


The AD522 is available in three versions with differing accu- 
racies and operating temperature ranges; the “A”, and “B” 
are specified from -25°C to +85°C, and the “‘S” is guaran- 
teed over the military/aerospace temperature range of -55°C 
to +125°C. All versions are packaged in a 14-pin DIP and are 
supplied in a pin configuration similar to that of the popular 


_ AD521 instrumentation amplifier. 
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High Accuracy Data Acquisition - 
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| . * SPECIFICATIONS ' (typical ons = +15V, RL= 2k &TA = +26°C sibs otherwise specified) 


MODEL | AD§22AD AD$22BD ADS22S°7 | 


* | GAIN 5 
» Gain Equation ia . . 
Rg 
= Gain Range 1 to 1000 . * * 
Equation Error 
G=1 0.2% max 0.05% max a. 
G = 1000 1.0% max 0.2% max ms 
Nonlinearity, max (see Fig. 4) 
G=1 0.005% 0.001% nals 
G = 1000 . 0.01% 0.005% +s 
: vs. Temp, max 
te G=1 2ppm/°C (1ppm/°C typ) : : 
G= 1000 SOppm/°C (25ppm/°C typ) * : 
OUTPUT CHARACTERISTICS 
Output Rating +10V @ 5mA * 
PRE a EN Ca SESS SS ESS ES SoS SS EE AE 
DYNAMIC RESPONSE (see Fig. 6) 
Small Signal (-3dB) 
G=1 . 300k Hz * * 
G = 100 3kHz * * 
Full Power GBW 1.5kHz . * 
Slew Rate . 0.1 V/ps . * 
Settling Time to 0.1%, G = 100 0.5ms i . 
to 0.01%, G = 100 Sms : 
to 0.01%, G = 10 2ms : 
to 0.01%, G= 1 0.5ms * . 
EIS BS I I A I IE YE PR I IR TES NID, 
VOLTAGE OFFSET 
Offsets Referred to Input 
Initial Offset Voltage 
(adjustable to zero) 
G=1 ; +400uV max (+200uUV typ) £200UV max (+100uV typ) +200uUV max (+100uV typ) 
vs. Temperature, max (see Fig. 3) ‘ . m . 5 5 
G=1 *50uV/ C(+£10uV/ C typ) 25uV/ C(t5uV/ C typ) *100HV/ C (£10uV/ C typ) 
G = 1000 +6uV/ C +2uV/ C t6uV/-C 
1<G < 1000 (2° 4 6 yv/°C +(72 4 2c +(199 5 6yv/?c 
G G G 
vs. Supply, max 
G=1 . : +20uUV/% : . 
G = 1000 +0.2uV/% - : 
SIE SE TS SSE SS RE CSS SSS SS SS I AS A TIE ISS 
INPUT CURRENTS j 
Input Bias Current 
Initial max, +25°C +25nA +15nA +25nA 
vs. Temperature +100pA/°C +50pA/°C +100pA/°C 
Input Offset Current . 
Initial max, +25°C +20nA +10nA +20nA 
_vs. Temperature +100pa/°C +50pA/°C +100pA/°C 
INPUT ; 
’ Input Impedance 
Differential 10°2 : i 
Common Mode 10°2Q . . 
Input Voltage Range 
Maximum Differential Input, Linear t10V 5 5 
Maximum Differential Input, Safe t20V if ' 
Maximum Common Mode, Linear +10V 7 * 
Maximum Common Mode Input, Safe t15V . 7 


Common Mode Rjection Ratio, 
Min @ #10V, 1kQQ Source 
Imbalance (see Fig. 5) 


G = 1 (de to 30Hz) 75dB (90dB typ) 80dB (100dB typ) 75dB (90dB typ) 

G = 10 (de to 10Hz) 90dB (100dB typ) 95dB (110dB typ) 90dB (110dB typ) 

G = 100 (de to 3Hz) 100dB (110dB typ) 100dB (120dB typ) 100dB (120dB typ) 

G = 1000 (dc to 1Hz) 100dB (120dB typ) 110dB (>120dB typ) -  100dB (>120dB typ) 

G = 1 to 1000 (dc to 60Hz) 75dB (88dB typ) 80dB (88dB typ) . 
EL a a a TS ME A ES SE EE SS EI IE A ES TOS 


NOISE 
Voltage Noise, RTI (see Fig. 4) 
0.1Hz to 100Hz (p-p) 


G=1 15yuV > . 

G = 1000 1.5uV . - 
10Hz to 10kHz (rms) 

| 15uV “ 7 


TEMPERATURE RANGE 


Specified Performance -25°C to +85°C . -55°C to +125°C 
Operating -55 Cto +125 C i : ‘i 
Storage -65°C to +150°C : , 


POWER SUPPLY : 
Power Supply Range +(5 to 18)V : * 
Quiescent Current, max @ £15V +10mA +8mA * 


PACKAGE OPTIONS?»* 
Hermetic, Metal (HY14D) AD522AD AD522BD AD522SD 


' Specifications guaranteed after 10 minute warm-up. 

? The AD522SD is available processed to MIL-STD-883, Level B. 

>See Section 20 for package outline information. 

“ Analog Devices reserves the right to ship ceramic packages (H14A) 
in lieu of metal packages (HY14D). 

*Specifications same as AD522A. 

**Specifications same as AD522B. 

Specifications subject to change without notice. 
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GENERAL APPLICATION CONSIDERATIONS 

Figure 1 illustrates the AD522 wiring configuration when used 
in a typical bridge amplifier application. In any low-level, high 
impedance, noise-dominated-environment, proper shielcing and 
grounding are requisite for optimum performance; a recommen- 
ded technique is shown. 


SIGNAL RETURN. GROUND LOAD RETURN 


Re 
(NOTE 1) 


| RESISTANCE (NOTE 2) 


SIG BRIDGE 
GND 


200k E, + E2 1 ) 
Eg= (1+ E,- Pe (bad k reps 
is ( me) ( : «?) ( 2 “CMR 
NOTES: ; 


1. GAIN RESISTOR Rg SHOULD BE <Sppm/°C (VISHAY TYPE RECOMMENDED). 

2. SHIELDED CONNECTIONS TO Rg RECOMMENDED WHEN MAXIMUM SYSTEM BANDWIDTH 
AND AC CMR !S REQUIRED, AND WHEN Rg IS LOCATED MORE THAN SIX INCHES FROM 
AD522. NO INSTABILITIES ARE CAUSED BY REMOTE Rg LOCATIONS. WHEN NOT USED, 
THE DATA GUARD PIN CAN BE LEFT UNCONNECTED. 

3. POWER SUPPLY FILTERS ARE RECOMMENDED FOR MINIMUM NOISE IN NOISY ENVIRON- 
MENTS. - 

4. NO TRIM REQUIRED FOR MOST APPLICATIONS. IF REQUIRED, A 10k, 25ppm/°C, 25 TURN 
TRIM POT (SUCH AS VISHAY 1202-Y-10k) IS RECOMMENDED. ‘ 


Figure 1. Typical Bridge Application 


Direct coupling of the AD522 inputs makes it necessary to 
provide a signal ground return for input amplifier bias currents. 
This can be achieved by direct connection as shown, or through 
an indirect path of less than 1M{2 resistance such as other sys- 
tem interconnections. 


To minimize noise, shielding should be provided for the input 
leads and gain resistor connections. A passive data guard is pro- 
vided to improve ac common mode rejection by “‘bootstrap- 
ping” the capacitance of the input cabling, thus minimizing 
differential phase shift. This will also reduce degradation of 
system bandwidth. 


Balanced design eliminates the need for external bypass capa- 
citors for most applications. If, however, the power supplies 
are remotely located (farther than 10 feet or so) or if they are 
likely to carry more than a few millivolts of noise, local filter- 
ing will enable the user to retain optimal performance. 


Reference and sense pins are provided to permit remote load 


. ry ae + , 
é o* : 
Q . ra. 


Applying the AD522_ 


sensing. These points can also be used to trim the device CMR, 
add an output booster, or to offset the output to a reference 
level. These applications are illustrated in following sections. 


It is good practice to place Rg within several inches of the 
AD522. Longer leads will increase stray capacitance and cause 
phase shifts that will degrade CMR at higher frequencies. For 
frequencies below 10Hz, a remote Rg is generally acceptable; 
no stability problems are caused. Bear in mind that a leakage 
impedance of 200MQ22 between Rg pins will cause an 0.1% gain 
error at G = 1. Unity gain is not trimmable. 


TYPICAL APPLICATION AND ERROR BUDGET ANALYSIS 
(See Figure 1 and Table 1) : 

A floating transducer with a 0 to 1 volt output has a 1k{2 source 
imbalance. A noisy environment induces a one volt 0 to 60Hz 
common mode signal in the ground return. This signal must be 
amplified to interface with a data acquisition system calibrated 
for a 0 to 10 volt signal range. The operating temperature range 
is O to +50°C and an AD522B is to be used. Table 1 lists 

error sources and their effect on system accuracy. 


The total effect on absolute accuracy is less than 0.2%, allowing 
adjustment-free 8-bit operation. In computer or microproces- 
sor controlled data-acquisition systems, automatic recalibration 
can nullify gain and offset drifts leaving noise, distortion and 
CMR as the only error sources. In this case, full 12-bit opera- 
tion is achieved. 


Gain Errors: Absolute gain errors can be nulled by trimming 
Rg. Gain drift is a linear effect, not detrimental to resolution 
and is caused by the change in value of internal resistors over 
the operating temperature range. An “intelligent” system can 
correct for these errors with an automatic calibration cycle. 
Gain nonlinearity never exceeds 0.002% at G = 10. 


Offset Drift & Pins Current Errors: Special care has been taken 
in the design of the AD522 input stage to minimize offset drift. 
Unless transducer impedances are unbalanced by more than 
2kQ., errors caused by offset current drift are negligible com- 
pared to offset voltage drift. Although initial offset voltages 

are laser-nulled for most applications, provisions have been 
made to allow further adjustment to correct for initial system 
offset. In this example, all offset drifts amount to +0.014% _ 
and do not effect resolution (can be corrected with an auto- 
matic calibration cycle). 


CMR and Noise Errors: Common mode rejection and noise 


performance of instrumentation amplifiers are critical because 


Effect on Absolute Effect on Resolution 


Error Source Specification Accuracy, % of F.S. % of F.S. 
Gain Nonlinearity +0.002% max, G = 10 +0.002 +0.002 
(from Spec. Sheet and Fig. 4) 
0 
Voltage Drift om ae 2.0uV/°C = 4.5uV/°C +0.011 Sas 
R.T.1. = 0.00055%/°C 
from Spec. Sheet) 
CMR 86dB (from Spec. Sheet, CMR vs. F +0.005 +0.005 
vs. G, typical curve) 
Noise, R.T.O. 15uV (p-p) R.T.O. (from Spec. Sheet, —+0.0015 +0.0015 
(0.1 to 100Hz) Noise vs. G typical curve) . 
Offset Current +50pA/°C x 1k source imbalance +0.000125 a 
Drift (Spec. Sheet) = t50uUV/°C = 
£1.25yuV R.T.I. 
Gain Drift 60ppm/°C +0.15 _ nS 


(add 10ppm/°C for 
external Rg) 


(Spec. Sheet) 


Table 1. Error Sources 


INSTRUMENTATION & ISOLATION AMPLIFIERS VOL. |, 5-17 


By <a 


x 


Ya 
ened ae) 
Viatatiae cites bok 
peas a 


these errors can not be corrected by calibration. Common mode 
rejection of the AD522 is active laser-trimmed to the limits of 
thin-film resistor stability. Further trimming could improve 
CMR on a short term basis, but regular readjustment would be 

" atlecessary to maintain this improvement (see Figure 2). In this 
example, untrimmed CMR and noise cause a total error of 
+0.0065% of full scale and are the major contributors to reso- 
lution error. 


Figure 2. Optional CMR Trim 


PERFORMANCE CHARACTERISTICS 

Offset Voltage and Current Drift: The AD522 is available in 
four drift selections. Figure 3 is a graph of maximum RTO off- 
set voltage drift vs. gain for all versions. Errors caused by off- 
set voltage drift can thus be determined for any gain. Offset 
current drift will cause a voltage error equal to the product of 
the offset current drift and the source impedance unbalance. 


MAXIMUM OFFSET DRIFT 
FOR AD§22A eee 


OUTPUT OFFSET DRIFT — mv/°C 


GAIN - V/V 


Figure 3. Output Offset Drift (RTO) vs. Gain 


Gain Nonlinearity and Noise: Gain nonlinearity increases with 
gain as the device loop-gain decreases. Figure 4 is a plot of 
typical nonlinearity vs. gain. The shape of the curve can be 
safely used to predict worst-case nonlinearity at gains below 
100. Noise vs. gain is shown on the same graph. 


TYPICAL NOISE, RTO, 0.1 TO 10kHz B. “Yi 
AD522 
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NOISE (RTO) — mV, p-p 
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MAXIMUM NONLINEARITY, AD522A 


nay ali Aall 
0.002 }- AD522B,S = — ‘A 
Riise ates Sle ae ot ewe aoc a Re amnii| 


GAIN — V/V 


Figure 4. Gain Nonlinearity and Noise (RTO) vs. Gain 


Common Mode Rejection: CMR is rated at +10V and 1kQ2 
source imbalance. At lower gains, CMR depends mainly on 
thin-film resistor stability but due to gain-bandwidth consider- 
ations, is relatively constant with frequency to beyond 60Hz. 
The dc CMR improves with increasing gain and is increasingly 
subject to phase shifts in limited bandwidth high-gain amplli- 
fiers. Figure 5 illustrates CMR vs. Gain and Frequency. 


GAIN NONLINEARITY ERROR — % of Full Scale (+10 Volts) 


Dynamic Performance: Settling time and unity gain bandwidth 
are directly proportional to gain. As a result, dynamic perfor- 
mance can be predicted from the well-behaved curves of 
Figure 6. 


—~s ioe eS ee es 
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TYPICAL CMR, ADS22B 
1k82 SOURCE IMBALANCE 


Bd (A): COMMON MODE INPUT VOLTAGE 


. COMMON MODE REJECTION — dB 


THE SHAPES OF THESE CURVES CAN 
BE USED TO PREDICT TYPICAL CMR 
VS. GAIN AND FREQUENCY FOR 
AD522A AND S. 


FREQUENCY - Hz 


Figure 5. Common Mode <I vs. Frequency and Gain 


RESPONSE 
ERROR 


aecronse 
ERROR 


AMPLIFIER GAIN . dB 


FREQUENCY —Hz-B 


Figure 6. Small Signal Frequency Response (-3dB) 


SPECIAL APPLICATIONS 

Offset and Gain Trim: Gain accuracy depends largely on the 
quality of Rg. A precision resistor with a 10ppm/°C tempera- 
ture coefficient is advised. Offset, like gain, is laser-trimmed to 
a level suitable for most applications, If further adjustment is 
required, the circuit shown in Figure 1 is recommended. Note 
that good quality (25ppm) pots are necessary to maintain vol- 
tage drift specifications. 


CMR Trim: A short-term CMR improvement of up to 10dB at 
low gains can be realized with the circuit of Figure 2. Apply a 
low-frequency 20/G volt peak-to-peak input signal to both 
inputs through their equivalent source resistances and trim the 
pot for an ac output null . 


Sense Output: A sense output is provided to enable remote 
load sensing or use of an output current booster. Figure 7 illu- 
strates these applications. Being “‘inside the loop’’, booster 
drift errors are minimized. When not used, the sense output 
should be tied to the output. 


Vrer 

(FOR OUTPUT 
D741L LEVEL SHIFT) 

OR EQUIVALENT 


Figure 7. Output Current Booster and Buffered Output 

Level Shifter 
Reference Output: The reference terminal is provided to permit 
the user to offset or “‘level shift” the output level to a datum 
compatible with his load. It must be remembered that the total 
output swing is +10 volts to be shared between signal and refer- 
ence offset. Furthermore, any reference source’resistance will 
unbalance the CMR trim by the ratio 10k/Ryeg. For example, if 
the reference source impedance is 1§2, CMR will be reduced to 
80dB (10k92/1Q = 10,000 = 80dB). A buffer amplifier can be 
used to:eliminate this error, as shown in Figure 7, but the 
drift of the buffer will add to output offset drift. When not 
used, the reference terminal should be grounded. 


VOL. 1, 5-18 INSTRUMENTATION & ISOLATION AMPLIFIERS 


ANALOG > 2 oo . 
DEVICES Precision Instrumentation Amplifier. . 


% 
y 
PAD 24 » 


ADVANCE TECHNICAL DATA AD524 FUNCTIONAL BLOCK DIAGRAM 


FEATURES 
Low Nonlinearity: 0.005% (G = 1) 

High CMRR: 130dB (G = 1000) 

Low Offset Voltage: 50un.V 

Low Offset Voltage Drift: 0.54V/°C 

Gain Bandwidth Product: 25MHz 

Pin Programmable Gains of 1, 10, 100, 1000 
Complete Input Protection, Power On — Power Off 
No External Components Required 

Internally Compensated 


REFERENCE 


PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 

The ADS524 is a precision monolithic instrumentation amplifier 1. The AD524 has low guaranteed offset voltage, offset voltage 
designed for data acquisition applications requiring high accuracy drift and low noise for precision high gain applications. 
under worst-case operating conditions. An outstanding combina- 2. The AD524 is functionally complete with pin programmable 


tion of high linearity, high common mode rejection, low offset gains of 1, 10, 100 and 1000. 
voltage drift, and low noise makes the AD524 suitable for use in 
many data acquisition systems. 


The ADS524 has an output offset voltage drift of less than 20nV/°C, 
input offset voltage drift of less than 0.51V/°C, CMR above 
90dB at unity gain (120dB atG = 1000) and maximum nonlinearity 


3. Input and output offset nulling terminals are provided for 
very high precision applications and to minimize offset voltage 
changes in gain ranging applications. 


4. The AD524 is fully input protected for both power on and 


of 0.005% at G = 1. In addition to the outstanding dc specifications power off fault conditions. 

the AD524 also has a 25MHz gain bandwidth product (G = 5. The AD524 offers superior dynamic performance with a gain 
100). To make it suitable for high speed data acquisition systems bandwidth product of 25MHz, full peak response of 75kHz 
the AD524 has an output slew rate of 5V/us and settles in 15s and a settling time of 15s td 0.01% of a 10V step (G = 

up to a gain of 100. 100). 


As a complete amplifier the AD524 does not require any external 
components for fixed gains of 1, 10, 100 and 1,000. For other 
gain settings between | and 1000 only a single resistor is required. 
The AD524 input is fully protected for both power on and 
power off fault conditions. 


The ADS524 IC instrumentation amplifier is available in four 
different versions of accuracy and operating temperature range. 
The economical ‘J’? grade, the low drift ‘““K”’ grade and lower 
drift, higher linearity ““L” grade are specified from 0 to + 70°C. 
The “‘S” grade guarantees performance to specification over the 
full MIL-temperature range: — 55°C to + 125°C and is available 
screened to MIL-STD-883, Class B. 
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SPEC | FI CATI 0 NS (typical @ V. ='+ a R, = 2KQ) and T, = +25°C unless otherwise wn 


Model ADS24J ADS24K ADS24L - ADS524S 
GAIN ; 
; Gain Equation 
(External Resistor Gain 
Programming) ey + 1+20% * * * 
Gain Range 1 to 1000 * * * 


Pin Programmable 
Gain Error, Max 


G=1} +0.05% +0.02% +0.02% * 
G = 10 +0.25% +0.1% +0.05% * 
G = 100 +0.5% +0.25% +0.1% * 
G = 1000 + 5% +2.5% +1% * 

Nonlinearity, max 
G= +0.01% * + 0.005% . 
G=10 +0.01% bi + 0.005% es 
G = 100 +0.01% * * * 
G = 1000 +0.01% 7 * * 

Gain vs. Temperature 
G=1 Sppm/°C * * bi 
G=10 Sppm/°C . ei * 
G = 100 10ppm/°C . * * 
G = 1000 25ppm/°C * * | 

OUTPUT RATING +10V@ S5mA = ® o 
DYNAMIC RESPONSE 

Small Signal — 3dB 
G=! 1MHz if * * 
G=10 400kHz - * - 
G = 100 1SOkHz * * * 
G = 1000 25kHz bs * bs 

Slew Rate 
G=1 2.5V/ps * - 
G = 10-1000 5.0V/ps 

Settling Time t0 0.01% 

G = 1tol0 15s : 

G = 100 1Sps * 

G = 1000 7Sps * ® 
VOLTAGE OFFSET (May be Nulled) 

Input Offset Voltage, max 250nV 100n2V 50nV ae 
vs. Temperature, max 2pV/°C IpVPC 0.5pV/°C 2nV°C 

Output Offset Voltage, max ImV 500nV 250pV lalal 
vs. Temperature, max 100n.V/°C S0pV/°C 20nV/°C 20nV/°C 

Offset Referred to the ; 
Input vs. Supply 

G=1 75dB 80dB 85dB ae 

G= 10 85dB 95dB 100dB hel 

G= 100 90dB 100dB 105dB _ 

G= 1000 100dB 110dB 115dB ae 
INPUT CURRENT 

Input Bias Current, max + 50nA +20nA : +10nA * 
vs. Temperature + 100pA/°C * . 

Input Offset Current, max +35nA +15nA +10nA il 
vs. Temperature + 100pA/°C oe * * 

INPUT 

Input Impedance . 

Differential 10°20 * * 
Common Mode 10° * * 

Input Voltage Range F 
Max Differ. Input Linear +10V 7 ~ * 
Max Common Mode Linear +10V . * ~ 

Common Mode Rejection Ratio dc 

to 60Hz with 1kOSource Imbalance, min 
G=1 70 75 80 * 
G=10 90 95 100 * 
G = 100 110 115 120 * 
G = 1000 115 125 130 * 

NOISE 


Voltage Noise, 1kHz W Gove (son Ee 
R.T.I. (7nviV Fz)? + ( gonviVHz 2 * * ‘ 
G 
R.T.O V (90nv/VHz)2+ (7nW/VHz x G2 * : : 


TEMPERATURE RANGE 
Specified Performance Oto + 70°C * 7 — 55°C to + 125°C 
Storage + 65°C to + 150°C . * — 
POWER SUPPLY 
Power Supply Range +6Vto +18V = - : 
Quiescent Current 5mA max 3.5mA as * 
PACKAGE OPTIONS! 
Hermetic 16-PinCeramicDIP D16A_ . : . 
Plastic 16-Pin DIP N16A * is = 
NOTES 
"See Section 20 for package outline information. 
*Specifications same as AD524J. 


**Specifications same as ADS24K. ~ 
Specifications subject to change without notice. 
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Figure 3. Gain vs. Frequency 
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Figure 5. Slew Rate vs. Gain 


CMRR - dB 
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OUTPUT OFFSET NULL 
Figure 2. Offset Null Circuits 
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Figure 4. CMRR vs. Frequency RTI, Zero to 1k Source 
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Figure 6. PSRR vs. Frequency 
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APPLICATION NOTES ON THE ADS24 . 3. The AD524 may also be configured to provide gain in the 


1. The AD524 has internal high accuracy pretrimmed resistors output stage. Figure 9 shows an H pad attenuator connected 
for pin programmable gains of 1, 10, 100 and 1000. One of to the reference and sense lines of the AD524. R1, R2 and 
: the preset gains can be selected by pin strapping the appropriate R3 should be made as low as possible to minimize the gain 
gain terminal and RG; together. variation and reduction of CMRR. Varying R2 will precisely 


set the gain without affecting CARR. CMRR is determined 
by the match of R1 and R3. 


9 Vour 


OUTPUT 
3 SIGNAL 
COMMON 


Figure 9. Gain of 2000 * 
Figure 7. Operating Connections for G = t00 


Output Nominal 
2. The AD524 can be configured for gains other than those that Gain RI,R3_ R2 Gan 
are internally preset. There are two methods to do this. The 2 5kO 2.26kQ 2.02 
first shown in Figure 8a uses just an external resistor to 5 2.05kQ 1.05kO 5.01 
program the gain. 10 1kO 4.42kQ 10.1 


- Table 1. Output Gain Resistor Values 
—INPUT @ 


isk RS | 
OR 2 105k DVour 4, To minimize noise, shielding should be provided for the 
1k. ° inputs. An active data guard is configured to improve ac 
RG, Leng D REFERENCE common mode rejection by “bootstrapping” the capacitances 
+INPUTE 


pre of the input cabling, thus minimizing differential phase shift. 
Rgeot > =210e2 > eens ; This will also reduce degradation of system bandwidth. 


Figure 8a. Operating Connections for G = 20 


The second technique uses the internal resistors in parallel 
with an external resistor Figure 8b. This technique minimizes 
the gain adjustment range and reduces the effects of temperature 
coefficient sensitivity. 


D Vout 


O REFERENCE 


*Rig = 19 = 4444.44 
*Rig = 100 = 404.040 8 §= 
*Rig = 1000 = 40.042. -Vs 


*NOMINAL (+ 20%) 


+ 1 = 20.0 


Figure 8b. Operating Connections for G = 20, Low Gain 
T.C. Technique 


Figure 11. Improved Differential Shield Driver 
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FEATURES 

Pin-Programmable Gain: 1 to 1,024 in Binary Steps 

Fast Settling: 20us max to 0.05%, @ G = 128 (AD614A,B) 
High Gain Accuracy: +0.02% max (AD612C) 

Gain Nonlinearity: +0.001% 

Low Gain TC: t10ppm/°C max 

Low Offset Drift: +1uV/°C max, RTI, G = 1024 (AD612C) 
High CMR: 94dB min @ G = 1,024 

Hybrid Construction 


APPLICATIONS 

Low Level High Speed Data Acquisition Systems 
Bridge Amplifiers for Resistance Transducers 
Precision Current Amplifiers 

Preamplifier for Recorder Instrumentation 


PRODUCT DESCRIPTION 

The AD612, AD614 are self-contained, high accuracy, high 
speed hybrid instrumentation amplifiers designed for data 
acquisition applications requiring speed and accuracy under 
worst-case operating conditions. Three versions (A, B, C) of 

the AD612 are available which provide superior dc character- 
istics with good dynamic performance, while the AD614 (A 

& B) versions provide superior dynamic performance with good 
de characteristics. 


The AD612, AD614 contain precision thin-film resistor net- 
works that allows the user to set the gain in binary steps from 
1 to 1024V/V by strapping the appropriate gain pins. In addi- 
tion the excellent tracking characteristics of the active laser- 
trimmed thin-film resistors provide maximum gain drift of 
+10ppm/°C max. : 


The AD612, AD614 are designed to provide high speed and high 
accuracy signal conditioning. They feature input offset drift 

of 1uV/°C max, output offset drift of +75uV/°C max, CMR of 
74dB min at unity gain (94dB min at G = 1024) in the highest 
accuracy version (AD612C) or 160kHz small signal bandwidth 
and settling time to 0.01% of 30s max in the high speed 
version (AD614A or B). 


APPLICATIONS 
The AD612, AD614 offer exceptional quality and value to the 
data acquisition designer, either as a signal conditioner per 


_ channel or as a high speed instrumentation amplifier in multi- 


channel data acquisition systems, analytical instruments and 
transducer interfacing. 


High CMR, input protection, low noise and excellent tempera- 
ture stability make the AD612, AD6 14 an excellent choice for 
precise measurement and control in harsh industrial environ- 
ments. The high speed of the AD612, AD614 provide higher 
throughput rates in multichannel data acquisition systems. 


' For detailed information, contact factory. 
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Self-Contained High Performance 
Wide Band Instrumentation Amplifiers . 


AD612, AD614 | 


AD612, AD614 FUNCTIONAL BLOCK DIAGRAM 
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INTERCONNECTION DIAGRAM AND SHIELDING 
TECHNIQUES 

Figure 1 shows the interconnection diagram for the AD612, 
AD614 along with the recommended shielding and grounding 
techniques. Because the AD612, AD614 are direct coupled, a 
ground return path for amplifier bias currents must be pro- 
vided either by direct connection (as shown) or by an implicit 
ground path having up to 1M{2 resistance between signal 
ground and amplifier common. For best performance, sensi- 
tive input and gain setting terminals should be shielded from 
noise sources especially at-high gains. The AD612, AD614 
provide a guard terminal to drive the input cable shield at the 
input common mode voltage. This feature greatly reduces 
noise pickup and improves CMRR by maintaining the shield 
at the common mode voltage. 


1 
2nC (16k22) 


BANDWIDTH = f (-3dB) = 
Cc 


AD612, AD614 
TR 


SIG GND 


SIGNAL 
RETURN 


(NOTE 2) 


LOAD RETURN 


OTES 
comin ke ley oeiet 2 “OPTIONAL INITIAL OFFSET TRIM POT. 
2 CMR ** RECOMMENDED FOR LONG LEAD LENGTHS 

OR HIGH BANDWIDTHS. 
1. GAIN SHOWN IS EQUAL TO 2. GAIN IS SELECTABLE, IN 

BINARY STEPS, BY PIN STRAPPING. 
2. IN NOISY ENVIRONMENTS BYPASS CAPACITORS ARE 

RECOMMENDED. 


u_— 
GAIN INPUT CMR ERROR 
(NOTE 1) SIGNAL 


Figure 1. Typical Bridge Application 
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SPECIFICATIONS feet and Vs = +15V, unless otherwise sist 


HIGH ACCURACY 


MODEL 


AD612A AD612B AD612C 
GAIN 
Gain Range, in Binary Steps 1 to 1024V/V : . 
Gain Temperature Coefficient +10ppm/°C max * ‘ 
Gain Accuracy, Ry = 10k +0.1% max +0.04% max +0.02% max 
Gain Nonlinearity +0.001% . 7 ; 
RATED OUTPUT 
Voltage +10V min * . 
Current +5mA min * ig 
Impedance 0.152 7 : 
INPUT CHARACTERISTICS 
Absolute Max Voltage tV5 ° ‘i 
Common Mode Voltage +10V min * . 
Differential and Common Mode Impedance 10° Qi|3pF C 4 
OFFSET VOLTAGES " 
Input Offset Voltage 
Initial @ +25°C (Adjustable to Zero)! +200uUV , i 
vs. Temperature (G = 1024)(-25°C to +85°C) — +5yV/°C max +2uV/°C max = +1ppV/°C max 
vs. Supply (G = 1024) +25yuV/V “ 
Output Offset Voltage G = 1 
Initial @ +25°C (Adjustable to Zero) . +2mV . . 


vs. Temperature (-25°C to +85°C) 
INPUT BIAS CURRENT 


+200uV/°C max 


+150uV/°C max 


+75uV/°C max 


Initial @ +25°C +100nA max . . 
vs. Temperature (-25°C to +85°C) +0.5nA/°C , _ 
INPUT DIFFERENCE CURRENT 
Initial @ +25°C : +2nA * ae 
vs. Temperature (-25°C to +85°C) +10pA/°C * bd 
INPUT VOLTAGE NOISE, G= 1024 
0.01Hz to 10Hz [pV p-p ° i 
10Hz to 10kHz 2uV rms m . 
OUTPUT VOLTAGE NOISE, (G = 1) 
- 0.01Hz to 10Hz 20UV p-p ° . 
10Hz to 10kHz 5OuV rms bg , 
COMMON MODE REJECTION RATIO 
1kQQ Source Imbalance, dc to 60H : 
Ge) ; 74dB min : * 
G = 1024 94dB min bs . 
DYNAMIC RESPONSE 
Slew Rate 1V/us * . 
Snell Signal Bandwidth (-3dB) 
G=l1 100kHz . * 
G= 128 60kHz 25 ig 
G= 1024 10kHz : : 
Settling Time to 0.01% 20V p-p Output Step 
G=1 200us max . 4 
G= 128 100us max * . 
Settling Time to 0.05% 20V p-p Output Step 
G = 1 to 128 60us max i i 
G = 1024 150ps max 
POWER SUPPLY? 
Voltage, Rated Performance +15V x . 
Voltage, Operating +8V to +18V . . 
Current, Quiescent +8mA id ss 


TEMPERATURE RANGE 
Rated Performance 
‘Storage 


*Specifications same as AD612A. 


-25°C to +85°C 
-55°C to +125°C 


1 One minute warm-up. 


**Specifications same as AD614A. 2 Recommend model 904, 15V @ +50mA. 


PIN CONFIGURATION 


GAIN PROG | 1 | 


GAIN COM | 2 | - INPUT 
m2 Le EOS TRIM 
xa | 4 | 
xe [5 | -15V 
x16 | 6 | f19 | +15V 
x32 18 | NC 
x64 | 8 | NC 

x128 | 9 | /16 | = POINT 
X256 | 10 | 115 | GUARD 
x512 114 | OUTPUT 
x1024 [ 12 | 113 | REFERENCE 


TOP VIEW 
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XN 


+200uV/°C max 


+100nA max 
+0.5nA/°C 


+2nA 
+10pA/°C 


IV p-p 
2uV rms 


20uV p-p 
5OuV rms 


74dB min 
94dB min 


1V/us - 


100kHz 
160kHz 
20kHz 


40us max 
30us max 


20us max 
7Ops max 


+15V 
+8V to +18V 
+8mA 


-25°C to +85°C 
-55°C to +125°C 


Specifications subject to change without notice, 


HIGH SPEED 
’ AD614A AD614B 
1 to 1024V/V s 
+10ppm/°C max ** 
+0.1% max +0.04% max 
+0.001% “s : 
+10V min o* 
+5mA min -s 
0.152 = 
+V6 ** 
+10V min “* 
10° QI/3pF ** 
+200uUV e : 
+5uV/°C max +2yuV/ C max 
+25uV/V ~ 
+2mV ss 


+150uV/°C max 


as 


TYPICAL ERROR BUDGET ANALYSIS 

The error calculations for a typical transducer application 
shown in Figure 1 (350Q2 bridge, ImV/V FS, 10V excitation) 
are listed in Table 1. 


Assumptions: AD612C is used, G = 1024V/V, temperature 
range is +25°C +10°C, source imbalance is 1002, common 
mode noise. is 0.05V rms (60Hz) on the ground return. 


Error % of FS(10V) Calculations 

Gain Nonlinearity +0.001% 

Gain Accuracy +0.02% 

Gain Drift +0.01% . , 

Voltage Offset Drift +0.11% . +11mV/°C (RTO) 
x AT x 1/10V 

Offset Current Drift +0.0004% +10pA/°C x Gx AT 
x 35022 x 1/10V 

Noise +0.01% 


Total Output Error +0.15% Worst Case 


Table 1. Error Budget Analysis 


OPERATING INSTRUCTIONS 

Install AD612, AD614 as shown in the diagram of Figure 1. 
Gain setting, offset trim and use of reference and guard termi- 
nals are described below. 


Gain Setting: The AD612, AD614 operates at G = 1 without 
pin strapping. For binary gains 2 thru 256, strap appropriate 
gain pin (3 thru 10) to the gain programming pin (1). For gain 
512, strap both pins 10 and 11 to pin 1; for gain 1024, strap 
pins 10, 11 and 12 to pin 1. The exceptional gain accuracy and 
gain drift of the AD612, AD614 are provided by the internal 
laser-trimmed thin-film resistor network. 


If a nonbinary gain is required, an external resistor (Rg) can 
be connected between pins 1 and 2 to set the gain according to 
the formula G = 1 + (80k/Rg). For Rg a precision resistor 
with a 10ppm/°C temperature coefficient is recommended. 


Figure 2 shows a way to reduce the effects of Rg on gain ac- 
curacy and drift by using part of the internal resistor network 
in parallel with an external resistor to set the gain. Since the 
current flowing through the external resistor in Figure .2 is a 
small part of the total current, the effect of the external resis- 
tor is reduced by the ratio. | 


Rinternal 
Rinternal + Rexternal 


AD612, AD614 


80k2 
G 


G=1+ 
FOR G=10 
R 80k2 
G*-3— 


= 8.89k2 
- Rex 2 40.2k2 


Figure 2, Nonbinary Gain Setting 
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~~ Applying the AD612, AD614 


Reference Output: Normally tied to load low, the reference 
terminal (pin 13) may be connected to a stable reference 
voltage, Eppr, to permit adjustment of the output level 
between +10V, independent of initial offset adjustments. 
Source impedance of Epgr will be critical to CMR rating since 
the impedance at pin 13 is 16kQ and forms a balanced bridge 
network around the output amplifier stage. (For example, a 
60Q. imbalance results in a CMR of 49dB; 16k22/602 = 49dB). 
The use of a buffer amplifier, as shown below, will eliminate 
these difficulties. Reference source stability becomes critical 
when operating at low gains since any shifts may be referred 
to the input as RTI offset errors; i.e., AEREF/G = Offset Er- 
ror (RTI). 


Common Mode Rejection: CMR is dependent on source im- 
pedance imbalance, signal frequency and amplifier gain. CMR 
is specified at gains 1 and 1024 with +10V CMV and 1kQ 
source imbalance over the frequency range of dc to 60Hz. 
Figure 5 shows the typical CMR performance vs. gain and 
frequency. For AD612, AD614 CMR is typically 26dB above 
the specified minimum. 


Figures 6 and 7 illustrate the effect of source imbalance on 
CMR performance at dc (Figure 6) and at 60Hz (Figure 7) 
for several gains. CMR is typically 120dB at 60Hz and a 1kQ2 
source imbalance. At Gain = 1, CMR is maintained greater 
than 80dB for source imbalances up to 100k22. 


Output Noise: As one would expect, total output voltage noise 
increases with gain and frequency. Figure 9 shows the typi- 
cal wideband (10Hz to 10kHz) output noise performance vs. 
gain for OQ“ and 100k22 source resistances. 


Figure 10 shows output noise for several source resistances. 


Bandwidth and Settling Time: Bandwidth (-3dB) is relatively 
constant with gain (see Figure 11) and is typically 100kHz 

at gain 1. At 4V/V and below, gain starts peaking at about 
20kHz. Full power response and slew rate are 16kHz and 
1V/ps (typ) respectively, independent of gain. 


Settling time response to +10V step output is relatively con- 
stant and gain insensitive, except for gains below 4V/V. 
AD612, AD614 have two speed selections with the AD612A, 

B, C being the slower versions and the AD614A, B, the faster 
versions. Settling times are specified to 0.01% for gains 1 and 
128, and 0.05% for gains 1, 128 and 1024. Figure 12 shows 
typical settling times vs. gain for both versions to 0.01% and 
0.05% accuracies. Settling time to 0.01% for gains greater than 
128 are not shown because of the effects of voltage noise at 
the higher gains. 


OUTPUT OFFSET VOLTAGE - mV 


Figure 3. Total Offset Voltage (Typical) vs: Gain (RTO) 


GAIN NONLINEARITY % OF FULL SCALE 


OUTPUT OFFSET VOLTAGE — mv/°C 


16 
GAIN — vw 


Figure 8. Gain Nonlinearity vs. Gain 


16 4 
GAIN - V/V 


iti K 
Bees. HS 


CMR - dB 


FREQUENCY — Hz 


Figure 5. Common-Mode Rejection vs. Frequency and Gain 


k 
BANDWIDTH — Hz 


Figure 10. Output Voltage Noise vs. Bandwidth 


a 


GAIN — dB 


SOURCE errs IMBALANCE — kQ 7 
Figure 6. DC Common-Mode Rejection vs. Source 10 
Resistance [mbalance FREQUENCY — Hz 
Figure 11. Small Signal Frequency Response 


CMR —- dB 


SETTLING TIME — us 
3 


NSS 


SOURCE RESISTANCE IMBALANCE — kQ. 0 
. . A 1 2 4 8 16 32 64 128 256 512 1024 
Figure 7. 6(0Hz Common-Mode Rejection vs. Source GAIN - VV 
Resistance Imbalance Figure 12. Settling Time vs. Gain 
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ANALOG 
DEVICES 


FEATURES 

High Common Mode Voltage: AD293 +2500V peak max 
AD294 +8000V peak max 

Nonlinearity: +0.05% max (AD293B) 

Adjustable Input & Output Gain: 1V/V to 1000V/V 

Complies with NEMA ICS1-111 

Meets UL Std 544 Leakage: 2.01A max @ 115V ac, 60Hz 

Hermetically Sealed Hybrid Construction 

Military Versions Available 

Low Cost: 


APPLICATIONS 

Off Ground Signal Measurement 

Industrial Control 

Nuclear & Military Instrumentation 

High Voltage Protection for Data Acquisition Systems 
Medical Diagnostic and Patient Monitoring Equipment 


GENERAL DESCRIPTION 

The AD293/AD294 are low-cost, high-accuracy, high reliability 
hybrid isolation amplifiers designed specifically for industrial, 
medical and military applications. The AD293 is available in 
three selected versions for industrial and military use; two of 
which are graded for nonlinearity, the AD293A (+0.1% max) 
and the AD293B (+0.05% max). The third version, AD293S/ 
883B, is designed for extended temperature operation (— 55°C 
to + 125°C) offering screening and testing per MIL-STD-883B. 
The AD294A provides low leakage and higher CMV capability 
required for medical applications. Using modulation techniques 
with a proprietary hybrid magnetic transformer, the AD293/ 
AD294 provides isolation from ground loop and leakage paths 
and guarantees common mode voltage protection up to + 2500V/ 
+ 8000V peak respectively. All versions provide a small signal 
(—3dB) frequency response from dc to 2.5kHz and a large 
signal (full power) frequency response from dc to 250Hz at a 
gain of 1V/V. Gain, from 1V/V to 1000V/V, can be programmed 
at either the input section or output section allowing for user 
flexibility. 

The AD293/AD294 are available in hermetically sealed 40 pin 
DIP ceramic packages that insure quality performance, high 
stability, and high reliability. Input/output pin spacing comply 
with NEMA (ICS1-111) separation specifications which is 
necessary for many industrial applications. 


WHERE TO USE THE AD293/AD294 

Industrial: In process control systems, high CMV instrumentation 
and multi-channel computer interface systems, the AD293 
provides guaranteed protection against high transient voltages, 
lethal ground fault currents and high common mode voltages. 
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Hybrid Industrial/ 
Medical Isolation Amplifier 


AD293/AD294 


AD293, AD294 FUNCTIONAL BLOCK DIAGRAM 


AD293/AD294 


DEMODULATOR SF 
' 


EMODULATOR 
Wigpjw 


en 
OSCILLATOR 


REFERENCE 


POWER OSCILLATOR 


: au 


Medical: In biomedical and patient monitoring equipment such 
as ECG recorders, diagnostic systems and blood pressure 
monitors, the AD294A offers protection from lethal ground 
fault currents as well as 8kV peak defibrillator pulse inputs. 


Low level signal recording and monitoring is achieved with the 
AD294A’s low input noise (10nV p-p @ G = 100V/V) high 
CMR (100dB min @ 60Hz). 


Military: In servo systems and instrumentation the AD293S/883B 
provides isolation from both ground loops and high common 
mode voltages. 


DESIGN FEATURES AND USER BENEFITS 

Adjustable Gain: Gain can be selected at either the input, 
output, or both. Thus, circuit response can be tailored to the 
user’s application. The input gain can be selected from 1V/V to 
100V/V with a single resistor. The output gain can be selected 
from 1V/V to 10V/V with or without compensation. The 
AD293/AD294 provides the user with flexibility for circuit 
optimization without requiring external active components. 


Buffered Output: The AD293/AD294 prevent inaccuracies 
related to low impedance loads by providing an uncommitted 
output amplifier capable of supplying + 10V @ 2mA min. 


Isolated Power: Low level isolated power provides — 13V @ 
200A. This feature permits the AD293/AD294 to enhance 
system designs by eliminating the need for a separate isolated 
dc/dc converter. 


a 


SPEC | F ICATI 0 NS (typical @ + 7 . = e unless ans noted) 


AD293A 


*. MODEL AD293B AD293S/883Bt AD294A 
GAIN 
Range 1 to 1000V/V * * * 
100k 
Formula (Input) Guin = @ + ); Ry 2 1kQ; Gin max = 100 
G 
(Output) Gour = (1 + x ); 1< Gour S 10; Gour max = 10 
Deviation from Formula + 1.0% . * * 
vs. Temperature (— 25°C to + 85°C)' (Gain = 1) + 50ppm/°C max _ . " 
(Gain >1) + 100ppm/°C max * . . 
Nonlinearity (+ 5V swing)?” + 0.1% max + 0.05% max * x 
INPUT VOLTAGE RATINGS 
Linear Differential Range +10Vmin * * * 
Max Safe Differential Input 
Continuous 120V rms max . x * 
1 Minute 240V rms max " 
Max CMV (Inputs to Outputs) 
Continuous (ac or dc) +2500V peak * * + 3500V peak 
ac, 60Hz, | minute Duration 2500V rms * ¥ 3500V rms 
Pulse, 10ms Duration, | pulse/10 sec — = ca + 8000V peak 
CMR , 
Rg = 1kQ Balanced Source Impedance 115dB : . = * 
Rs < 1k Source Impedance Imbalance 100dB min rp — il 
Rg < 5k Balanced Source Impedance — — — 115dB 
Rs = 5k Source Impedance Imbalance — _— — 100dB min 
Leakage Current, Input to Output 
(a 115V ac, 60Hz 2yA rms max . * * 
Input Impedance, G = 1 
Differenual 1SOpFI108Q * . . 
Overload 100kQ = ia 7 
Common Mode 30pFI(S x 10!°C) * ° * id 
Input Difference Current 
Initial (@ + 25°C 2nA (7nA max) Lf " * 
vs. Temperature 2pA/°C i * * 
Input Noise (G = 100V/V) 
Voltage 
0.05Hz to 100Hz 10 nV p-p * ¥ * 
10Hz to 1kHz 5yV rms - : i 
Current 
0.05Hz to 100Hz 50pA p-p 7 * * 


FREQUENCY RESPONSE 
Small Signal (— 3dB)G = 1V/Vto 100V/V 2.5kHz 7 * * 
Full Power, 20V p-p Output 
G = 1V/V (Grin = 1V/V, Gout = 1V/V) 250Hz * . - 
G = 100V/V (Gy = 100V/V,Gour = 1V/V) = 250Hz ss “ . 
G= 10V/V (Gin a 1V/V, Gout = 10V/V) 2.5kHz * * *" 
Slew Rate 9.1V/ms * 7 * 


OFFSET VOLTAGE, REFERRED TO INPUT 


Initial, @ + 25°C, max 


( +8+ 10) mV x ~ e x 
vs. Temperature 


( +25+ 130) pvr 
75pV/V 


(- 25°C to + 85°C) max 


_~ 
I+ 
A 
I+ 
ols 
we 
= 
< 
oO 
ie) 
Pa 
» 


* 
» 


vs. Supply Voltage 


a) 
RATED OUTPUT 
Voltage >5kQ Load +10V min * i * 
Output Impedance <1 . * * 
Output Ripple, (dc to 100kHz) Bandwidth 4mV p-p * * \ * 
nn SS 
POWER SUPPLY 
Voltage, Rated Performance +15Vdc +5% * * * 
Voltage; Operating +15Vdc + 10% ba * - 
Current, Quiescent ((@ Vs = +15V) +10mA, —-I1mA * * * 
A SSeS SSeS SSS so SSG 
ISOLATED POWER —13Vdc@ 200pA - i * 
a 
TEMPERATURE RANGE 
Rated Performance — 25°C to + 85°C — 55°C to + 125°C 
Operating — 40°C to + 100°C * —55°Cto +125°C— * 


CASE DIMENSIONS 2.64” x 0.86" x 0.35" * m . 


NOTES: 

*Specifications same as AD293A 

+883B MIL version to be available in January, 1982. 

'Gain temperature drift is specified as a percentage of output signal level. 

Gain nonlinearity is specified as a percentage of 10V pk-pk output span. 

3Recommended power supply, ADI Model 904, + 15V @ 50mA output. 


Specifications are subject to change without notice. 


VOL. 1, 5-28 INS TRUMENTA TION & ISOLATION AMPLIFIERS 


OUTLINE DIMENSIONS | 


Dimensions shown in inches and (mm). 


0.600 (15.36) 
MAX 
0.858 (21.96) 
a MAX =| 


0.021 
(0.54) 
MAX 
2.64 
(67.58) 
MAX 
AD293/ 
AD294 1.1 
(28.16) 
2.533 
(64.84) 


0.357 (9.14) 


TOP VIEW 


RECOMMENDED MATING SOCKET: AUGAT 
NO. 240-AG39D (TO PRESERVE THE HIGH 
CMV INTEGRITY OF THE AD293/AD294 RE- 
MOVE ALL UNUSED SOCKET PINS.) 


PIN DESIGNATIONS 


40 | HI-IN 


FUNCTION 


38 | INPUT FILTER 
37 | —13V 
+Vos TRIM ] 36 | NC 


+Vosc 25 
COMosc 24 
-15V 23 
+15V 22 
SYNC 21 


Eos TRIM 

Vout 

FEEDBACK 
OUTPUT FILTER 


Synchronization: Due to their hybrid transformer design and 
low power operation, RFI levels emitted by the AD293/AD294 
are very low. A synchronization terminal is provided for use in 
high accuracy multi-channel applications. By connecting the 
synchronization terminals together and driving them with a 
TTL device, the AD293/AD294 internal oscillators will syn- 
chronize and “beat frequency” interference will be eliminated. 


High Reliability: The AD293/AD294 are designed specifically 
to provide highly reliable operation in extremely harsh environ- 
ments. These devices are available in hermetically sealed 
ceramic packages which use hybrid techniques and incorporate a 
revolutionary new hybrid magnetic transformer eliminating 
traditional wire wound methods. The AD293S/883B is manufac- 
tured and tested per MIL-STD-883B having a calculated MTBF 
of 1,682,369 hours. 


INTERCONNECTIONS AND SHIELDING TECHNIQUE 
To preserve the high CMR performance of the AD293/AD294, 
care must be taken to keep the capacitance balanced about the 
input terminals. Use twisted shielded cable, for the input signal, 
to reduce inductive and capacitive pickup. The cable shield 
should be connected to the common mode signal source and as 
close as possible to their respective terminal connections so 
pick-up can be minimized (shown in Figure 1). 


(OPTIONAL) 


OUTPUT 
OFFSET ADJ 


TRANSDUCER 
CABLE 


@—Sa @ 
TRANSDUCER [NOTE SE). 
SIGNAL ena 
ria a, {J 


TRANSDUCER GROUND 
(NOT REQUIRED) 


(22fouTPuT 


FILTER 


(OPTIONAL) 


INPUT 
OFFSET ADJ | 100k{? 


Cor (OPTIONAL) 


INPUT 
FILTER 


NOTES: - 
1. GAIN RESISTORS Rg, Ra AND Rg, 1% 50ppm/°C METAL FILM TYPE. 


2. INPUT GAIN =1 + Bs ; Rg 21k; MAX INPUT GAIN =100V/V. 


R, = 1002 AND C, = 100pF (OPTIONAL); REQUIRED ONLY FOR 
CAPACITIVE LOADS >1000pF.. 


OUTPUT GAIN = si om -1< OUTPUT GAIN < 10. 


1 
4. Ce = = FARADS. 
. 2nF(97.5 x 104) 


a 


oi 


1 
. Cor = FARADS. 
rol 2nF(10°) 


Rp IS REQUIRED ONLY FOR THE AD294 TO PROVIDE PROTECTION 
AGAINST DEFIBRILLATOR PULSES. USE TWO 240k? 1/2 WATT RESISTORS . 
WHEN MOUNTING, PLACE THEM IN SERIES AND AWAY FROM THE PCB. 


” 


Figure 1. Basic Ilsolator Interconnection 


THEORY OF OPERATION 

The AD293/AD294 attribute their outstanding performance to 
the innovation of a hybrid magnetic ceramic transformer T1 
(shown in the block diagram of Figure 2). Windings are 
screened on two ceramic alumina substrates which are placed 
together separated by a ceramic isolation barrier. Then an 
E-core 1s carefully fitted around the substrates to complete the 
transformer. 


Understanding the Isolation Amplifier Performance 


AD293/AD294 
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' 
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Figure 2. AD293/AD294 Block Diagram 


Incorporating the carrier isolation technique, both power and 
signals are transferred between the amplifier’s input stage and 
Output circuitry via Tl. The input signal is filtered and appears 
at the input of the inverting amplifier Al. This signal is then | 
amplified by Al, with its gain (1V/V to 100V/V) determined by 
the value of resistance connected between Rg and COMyn. The 
output of Al is modulated, carried across the isolation barrier 
by signal transformer T1, and demodulated. The demodulator _ 
output voltage is filtered and then buffered by A2. Output gain 
(1V/V to 10V/V) and frequency compensation is determined by 
the value of resistance and capacitance selected between A2’s 
feedback, Voyr,.and COM terminals. The 200kHz asymmetric 
square wave power oscillator drives the primary windings of 
transformer T1. The secondary windings of T1 then energizes 
the input power supply and drives both the modulator and 
demodulator. 


INTERELECTRODE CAPACITANCE AND TERMINAL 
RATINGS 

Capacitance: Interelectrode terminal capacitance effects are 
developed from stray capacitance that couple the input and 
output terminals together. The difference shown in Figure 3 
between the AD293 and AD294 is a result of the separate 
transformer designs. Each terminal capacitance is shunted by 
leakage resistance exceeding 3.4 x 10°. 


Terminal Ratings: CMV performance is given in peak pulse 
and continuous ac or dc peak ratings. Continous peak ratings 
apply from dc up to the normal full power response frequen- 
cies. Figure 3 illustrates the AD293/AD294 ratings between 
terminals. 


7pF 
AD293 [ 200v rms MAX 


SpF 
noes E 8000V PEAK MAX 


OUTPUT 
AD293/AD294 


OSCILLATOR 


AD293 E 500pF 


AD294 500V rms MAX 


13pF 
AD293 Ea rms MAX 


9pF 
Anes E 8000V PEAK MAX 


Figure 3. Interelectrode Capacitance. and Terminal Ratings 
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OFFSET AND GAIN TRIM PROCEDURES 
The calibration procedure, shown in Figure 4, illustrates the 
recommended techniques which can be used to minimize output 
error. In this example, the output span is + 10V to — 10V and 
gain = 100V/V (Gwn = 10V/V; Gour = 10V/V). 


Figure 4. Recommended Offset & Gain Adjustments 


Offset Adjustment 

1. Set Gout = 1V/V by disconnecting Rp from COM. 

2. Apply Ey = 0 volts and adjust Ryn for Ep = 0 volts. 
3. Connect Rg to COM. 

4. Adjust Royt for Eo = 0 volts. 


Gain Adjustment 

5. Set Gour = 1V/V by disconnecting Rg from COM. 

6. Apply E;y = +1.000V and adjust Rg for Ep = +10.000V. 
7. Connect Rg to COM. 

8. Apply Erny = +0.100V and adjust Rg for E95 = +10.000V. 


-LEAKAGE CURRENT LIMITS 

The low coupling capacitance between input and output yields a 
ground leakage current of less than 24A rms of 115V ac, 60Hz 
in the AD293/AD294 which meet standards established by UL 
STD 544. 


For medical applications, the AD294 is designed to improve on 
patient safety current limits proposed by the F.D.A., U.L., 
A.A.M.I. and other regulatory agencies. 


In patient monitoring equipment, such as ECG recorders, the 
AD294A will provide adequate isolation without exposing the 
patient to potentially lethal microshock hazards. With the use of 
passive components for input protection, this design limits input 
fault currents even under amplifier failure conditions. 


PERFORMANCE CHARACTERISTICS 

Phase vs. Frequency: The phase vs. frequency responses, for 
the AD293/AD294, is shown in Figure 5. The bandwidth is 
sufficient for the majority of isolation applications where 
accurate signal measurements must be made in the presence of 
noise and high common mode voltages. 
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Figure 5. Typical AD293/AD294 - Phase vs. Frequency 
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Common Mode Rejection: Input-to-output CMR is dependent — 
on source impedance imbalance, input signal frequency and 
amplifier gain. CMR is rated at 115V ac, 60Hz and 1kQ. 
(AD293)/5kQM. (AD294) source impedance imbalance at a gain of 
1V/V. Figure 6 illustrates the CMR vs. frequency characteristics 
for the AD293/AD294. CMR approaches 144dB at dc with 
sources _ane as high as 1kQ(AD293)/5kO (AD294). 


Sap AD294A 
= = 
a 
S| 
iin. 
—S 
1 10 100 tk 


10k 


—_ 


80 


CMR - dB 


> 
o 


FREQUENCY - Hz 
Figure 6. Typical AD293/AD294-— CMR vs. Frequency 


Figure 7 illustrates the effect of source impedance imbalance on 
CMR performance at 60Hz for various gain settings. CMR is 
maintained greater than 60dB for source imbalances up to 
100k. As shown, increasing isolator gain increases CMR. 
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Figure 7. Typical AD293/AD294 - CMR vs. Source Impe- 
dance 


Input Voltage Noise: Voltage noise, referred to input, is 
dependent on gain and bandwidth as illustrated in Figure 8. 
RMS voltage noise in a bandwidth from 0.05Hz to 100kHz is 
shown on the horizontal axis. The noise in a bandwidth from 
0.05Hz to 100Hz is typically 5V pk-pk at a gain of 1000V/V. 
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Figure 8. Typical AD293/AD294 - Input Noise vs. 
Frequency 


‘Applications 


The peak-to-peak value is derived by multiplying the rms value 
@ F = 100Hz (0.75pV rms) by 6.6. 


For applications requiring improved noise performance, 
additional low pass filters may be placed at either the input or 
output sections to selectively roll-off noise and undesired signals 
beyond the bandwidth of interest. 


Gain Nonlinearity vs. Gain 

Figure 9, shows the AD293/AD294 gain nonlinearity vs. gain as 
a function of output gain. As input gain is increased, gain 
nonlinearity increases. Although, as output gain is increased to 
ten, gain nonlinearity decreases. 
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Figure 9. Typical AD293/AD294 - Gain Nonlinearity vs. 
Gain as a Function of Output Gain 


Full Power Bandwidth vs. Gain 

Figure 10 shows the — 3dB full power bandwidth vs. gain with 
the input and output gain curves shown separately. As shown, 
the — 3dB full power bandwidth with gain provided at the input 
is typically 330Hz. But with gain provided only at the output, 
the — 3dB full power bandwidth approaches the small signal 
bandwidth. 
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Figure 10. Typical AD293/AD294 - Full Power Bandwidth 
vs. Gain 


Gain Nonlinearity vs. Output Swing 
The gain nonlinearity vs. output swing, for the AD293/AD294, 
is illustrated in Figure 11. As shown, increasing either the input 


£% NONLINEARITY 


Figure 11. Typical AD293/AD294 - Gain Nonlinearity vs. 
Output Swing 


gain or the output swing will cause the gain nonlinearity to 
increase. Here the input gain is varied from 1V/V to 100V/V. 


OPTIMIZING THE AD293/AD294 

The AD293/AD294 can be optimized for many applications as 
shown by the performance charts on the previous page. Gain 
and filtration can be implemented on both the input and output | 
stages while providing true galvanic isolation. Provisions for an 
additional two poles of filtration are also available without the 
addition of external operational amplifiers. Due to their low 
power consumption and novel transformer design, the beat 
frequency problem normally associated with adjacent isolation 
amplifiers is eliminated. A sync terminal is provided for 
applications where ultra-sensitive circuitry might interpret the 
isolator carrier frequency. 


SELECTING GAIN 

The AD293/AD294 contain both input and output amplifiers 
(see Figures 1 and 2), the gains of which can be set independently. 
The selection of a particular combination tailors isolator 
properties to the application, minimizes errors, and optimizes 
frequency response. : 


Nonlinearity is the deviation of response from a straight line. 
This error arises from slight differences in responses of the 
input demodulator I and demodulator II, their respective 
transformer windings responses, and rectification of carrier 
signal in the input stage due to large signal amplitudes in this 
section. Hence, linearity is best obtained by raising output gain 
and lowering input gain. 


Gain errors are deviations in slope from the predicted gain 
equation. Gain errors are attributable to the difference in gain 
between demodulators I and II. These errors are quite small, 
due to the highly predictable and uniform nature of the thick- 
film transformer. The gain drift of this portion of gain error is 
also small. Since this gain error source dominates at unity gain, 
the unity gain temperature coefficients of these units is very 
small. As input gain is taken, errors arise due to the inaccuracies 
of the internal feedback resistor R8, and user selected Rg. 
Failure of these resistors to temperature track introduces a gain 
TC. R8 is trimmed within + 2% and has a TC of + 100ppm/°C. 
Since the temperature coefficient of R8 is not user controllable, 
best gain TC at low gains is favored by taking output gain. The 
output stage also contributes gain error only when gain is taken. 
Here, both the feedback and gain resistors are user supplied and 
can be made as accurate as desired. 


Offset errors are apparent both in the input stage and in the 
transformer-output stage combination. Provisions are available 
to eliminate these initial offset errors at both the input and 
output stages through trim potentiometers. These errors also 
have temperature dependence where at unity gain, output offset 
drift dominates. Taking output gain multiplies output drift by 
the gain taken. Taking input gain helps dilute output stage 
offset drift and is recommended where offset drift is to be 
minimized. 

Errors due to small signal and large signal bandwidth limitations 
can also be optimized in the AD293/AD294. Small signal 
bandwidth is limited by lack of gain as frequency is raised, a 
condition caused by the necessity to limit bandwidth internally 
to preserve stability in the Al, modulator, input demodulator 
loop. The input stage contains most of the small signal bandwidth 
limitations thus, taking input gain limits small signal bandwidth 
(see Figure 10). The demodulators limit slew rate and large 
signal bandwidth. Apparent slew rate at the isolator output is 
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' multiplied by gain taken in the output stage. With maximum > 
gain taken in the output stage, large signal bandwidth for 
moderate swings approaches small signal bandwidth (shown in , 
Figure 10). Thus applying input gain, limits bandwidth while 
output gain enhances it. 


FILTRATION 

With the AD293/AD294, the addition of filtration can be. 
implemented in a number of different configurations without 
the use of external operational amplifiers. Capacitors can be 
placed in series with the input or output terminals or configured 
in combination with the gain setting resistors to tailor performance. 
An input filter terminal and ‘an output filter terminal are 
provided for user selectable filtration. Characteristics are 
determined by the formulas shown in Figure 1. 


REDUCING NORMAL MODE VOLTAGE 

A prime isolator function is the rejection of common mode 
signals. The extremely high input to output resistance of 
isolators allows excellent rejection of dc common mode voltages. 
As frequency rises, the small capacitance across the isolation 
barrier causes an ac common mode current to flow through that 
barrier, which is proportional to applied: common mode voltage, 
frequency and barrier capacitance. Since the isolation mechanism 
(transformer T1) is more initimately connected to the input low 
terminal than the input high terminal, the bulk of common 


mode current flows through the input low terminal. Any 
resistance in series with the input source and the input low 
terminal then develops a normal mode voltage, which may 
constitute objectionable interference. 


An isolator cannot separate normal mode interference from the 
desired signal without help, but interference can be rejected in 
several ways. . 


Conversion of common mode current to normal mode voltage 
can be reduced by minimizing resistance in the input low lead. 
In the AD293/AD294 CMR is enhanced and input trimming 
sacrificed by returning the input signal to pin 2. With known 
stable source resistances common mode current to normal mode 
voltage conversion can also be cancelled as shown in Figure 13. 


ISOLATED INDUSTRIAL APPLICATIONS 

As illustrated in Figure 14, the AD293 can be applied where 
differential signal sources are used such as an isolated strain 
gauge. With a third wire connected to the common mode 
potential of that source, a common mode current is forced to 
flow thorough the third wire and through the isolation barrier; 
thus, sparing the differential input wires the necessity of 
conducting the common mode current. In this manner, the 
isolator is responsive to only the differential inputs while 
ignoring the passage of common mode currents. Input gain is 
selected via Rg and determined by the input gain formula. 


MEDICAL APPLICATIONS 

In medical applications, a good connection to the patient, even 
on the third wire cannot be guaranteed due to electrode 
resistance to and through the skin. Illustrated in Figure 12 is a 
medical front end with right leg drive powered by the AD294A. 
Here the common mode drive amplifier helps force common 
mode current to flow in the third wire in preference to the 
differential input wires. The FET input has low noise current to 
avoid development of voltage noise in the input protection 


100k? 


DIODES - FD333 
- A-H - RESISTOR NETWORK 
OP-AMP LM346 


resistors. These resistors protect the input from defibrillator 
pulses with the AD294A having the capability of withstanding 
an 8kV pulse. The patient is also protected from fault currents 
due to input component failure. It is necessary to connect the 
third wire to establish the input common mode level. If not 
connected the input common mode level, with respect to 
common of the input section power supplies, will cause the 
isolator to drift out of its linear range. Layout is also very 
important, both for common mode rejection and isolation. 


AD294A 
INPUT 


Figure 12. Multilead Medical Application Using the AD294A with Right Leg Drive 
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=1pF, MUST WITHSTAND FULL CMV CURRENT LOOP INTERFACE 
~  Tllustrated in Figure 15, the AD293 provides an isolated sensor 


5K, Pram interface that is compatible with standard 4-to-20mA current 
sata loops. Here high common mode rejection and high common 
Ey mode voltage suppression are easily attained with the AD293. 
QOH (19) Sou The AD293 conditions the OV to 10V input signal and provides 
» § a proportional voltage at the isolator’s output. Then the 
AD293/AD294 Vour + circuitry shown converts it into a 4 to 20mA current, which in 
~) Vin 24) ’ turn, may be applied to the loop load R,. 
= +24Vi oop 
ow © ey FOR am WITH 
1 OV IN 


ee RAL 
Cstray 


+15V 


Figure 13. Improving CMR by Cancellation 
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Figure 15. Isolated Current Loop Interface 


TEMPERATURE MEASUREMENT AND COLD 
JUNCTION COMPENSATION 
Illustrated in Figure 16, the AD293 can be used for isolated 
temperature measurements while providing cold junction 
compensation. With the circuitry connected as shown, the 
LM334 must be thermally connected to the cold junction 
terminal for an accurate temperature measurement to be made 
EXCITATION of this terminal. The 5000 potentiometer will set the gain 
ALL 100k!) RESISTORS PART OF A RESISTOR NETWORK accuracy while the 100 potentiometer establishes offset 
Figure 14. Isolated Strain Gauge Using Front End of trimming. Using this configuration, accurate temperature 
AD293 measurements of the industry’s popular J type thermocouple 
can be made with the AD293 providing the added isolation 
feature. Gain and filtration can be addressed as required. 
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Figure 16. Temperature Measurement & Cold Junction Compensation 
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DRIVING CAPACITIVE LOADS | 
For driving capactive loads greater than 1000pF, compensation 
should be implemented as shown in Figure 17. Here a 100pF 
capacitor and 10002 resistor are used to insure that the AD293 
output stage remains stable. These components can also be 
changed to tailor frequency response to the particular application. 
The 1002 resistor isolates the output of the AD293 while the 
100pF provides response lead. 


Figure 17. Driving Capacitive Loads 


INCREASING OUTPUT DRIVE CAPABILITY 

For applications requiring increased output drive, Figure 18 
illustrates a single solution. Here the output voltage of the ’ 
AD293 is conditioned and applied to the drive circuitry. Ra will 
supply the output stage with unity gain as connected. For gain _ 
to be added to the output stage, connect Rg as shown. Output 
gain will be determined by the output equation previously 

stated in the specifications. Ro and Co should also be implemented 
so output stability will be insured. With this output drive 
circuitry, 200 loads can be easily driven with + 10V @ 50mA. 
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Figure 18. Increasing Output Drive Capability 
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ANALOG 
DEVICES 


FEATURES 
Low Nonlinearity: +0.012% max (289L) 
Frequency Response: (-3dB) dc to 20kHz 
(Full Power) de to 5kHz 
Gain Adjustable 1 to 100V/V, Single Resistor 
3-Port Isolation: +2500V CMV Isolation Input/Output 
Low Gain Drift: +0.005%/°C max 
Floating Power Output: +15V @ +5mA 
120dB CMR at 60Hz: Fully Shielded Input Stage 
Meets UL Std. 544 Leakage: 2uA rms max, @ 115V ac, 60Hz 


APPLICATIONS 

Multi-Channel Data Acquisition Systems 
Current Shunt Measurements 

Process Signal Isolator 

High Voltage Instrumentation Amplifier 
SCR Motor Control 


GENERAL DESCRIPTION 

Model 289 is a wideband, accurate, low cost isolation ampli- 
fier designed for instrumentation and industrial applications. 
Three accuracy selections are available offering guaranteed 
gain nonlinearity error at 10V p-p output: +0.012% max 
(289L), +0.025% max (289K), 0.05% max (289J). All ver- 
sions of the 289 provide a small signal frequency response 
from dc to 20kHz (-3dB) and a large signal response from dc 
to 5kHz (full power) at a gain of 1V/V. This new design offers 
true 3-port isolation, +2500V dc between inputs and outputs 
(or power inputs), as well as 240V rms between power supply 
inputs and signal outputs. Using carrier modulation tech- 
niques with transformer isolation, model 289 interrupts 
ground loops and leakage paths and minimizes the effect of 
high voltage transients. It provides 120dB Common Mode 
Rejection between input and output common. The high CMV 
and CMR ratings of the model 289 facilitate accurate measure- 
ments in the presence of noisy electrical equipment such as - 
motors and relays. 


WHERE TO USE THE MODEL 289 

The model 289 is designed to interface single and multichannel 
data acquisition systems with dc sensors such as thermo- 
couples, strain gauges and other low level signals in harsh in- 
dustrial environments. Providing high accuracy with complete 
galvanic isolation, and protection from line transients of fault 
voltages, model 289’s performance is suitable for applications 
such as process controllers, current loop receivers, weighing 
systems, high CMV instrumentation and computer inter- 

face systems. 


Use the model 289 when data must be acquired from floating 
transducers in computerized process control systems. The 
photograph above shows a typical multichannel application 
allowing potential differences or interrupting ground loops, 
among transducers, or between transducers and local ground. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 5-23. 
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DESIGN FEATURES AND USER BENEFITS 

Isolated Power: The floating power supply section provides 
isolated +15V outputs @ +5mA. Isolated power is regulated to 
within 5%. This feature permits model 289 to excite floating 
signal conditioners, front-end buffer amplifiers and remote 
transducers such as thermistors or bridges, eliminating the need 
for a separate isolated dc/dc converter. 


Adjustable Gain: A single external resistor adjusts the model 
289’s gain from 1V/V to 100V/V for applications in high and 
low level transducer interfacing. 


Synchronized: The model 289 provides a synchronization 
terminal for use in multichannel applications. Connecting the 
synchronization terminals of model 289s synchronizes their 
internal oscillators, thereby eliminating the problem of oscil- 
lator “‘beat frequency’ interference that sometimes occurs 
when isolation amplifiers are closely mounted. 


Internal Voltage Regulator: Improves power supply rejection 
and helps prevent carrier oscillator spikes from being broad- 
cast via the isolator power terminal to the rest of the system. 


Buffered Output: Prevents gain errors when an isolation ampli- 
fier is followed by a resistive load of low impedance. Model 
289 can drive a 2kQQ load. 


Three-Port Isolation: Provides true galvanic isolation between 
input, output and power supply ports. Eliminates need for 
power supply and output ports being returned through a com- 
mon terminal. 

Reliability: Model 289 is conservatively designed to be capable 
of reliable operation in harsh environments. Model 289 has a 
calculated MTBF of 271,835 hours. In addition, the model 
289 meets UL Std. 544 leakage, 2UA rms @ 115V ac, 60Hz. 
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SPECIFICATIONS (typical @ eet Vs = +14.4V to +25V de unless otherwise noted) 


Model 289] 289K 289L 
GAIN (NONINVERTING) 
Range 1 to 100V/V 
Formula =1l+ 10k2 
Rg (k2) 
Deviation from Formula +1.5% max 
vs. Temperature (0 to +70°C)! 15ppm/°C typ (SOppm/°C max) 
Nonlinearity, (£5V Swing)?” +0.05% max +0.025% max +0.012% max 


INPUT VOLTAGE RATINGS 


Linear Differential Range (G = 1V/V) +10V min 
Max Safe Differential Input 
Continuous 120V rms 
1 Minute 2 240V rms 


Max CMV (Inputs to Outputs) 
Continuous ac or de 


fen 


+2500V peak max 


ac, 60Hz, 1 Minute Duration 2500V rms 
CMR, Inputs to Outputs 60Hz 

Rg <1kQ, Balanced Source Impedance 120dB 

Rg 1k, HI IN Lead Only 104dB min 


Max Leakage Current, Input to Output © 


115V rms, 60Hz ac 


INPUT IMPEDANCE 
Differential 
Overload 
Common Mode 


INPUT DIFFERENCE CURRENT 
Initial @ +25°C 


2uA rms max 


33pFII10°Q 
100k2 
20pFII5 X 10!°D 


10nA (75nA max) 


vs. Temperature (0 to 70°C) 0.15nA/°C 
INPUT NOISE (GAIN = 100V/V) 
Voltage 
0.05Hz to 100Hz 8uV p-p 
10Hz to 1kHz 3yuV rms 
Current 
0.05Hz to 100Hz 3pA rms 
FREQUENCY RESPONSE 
Small Signal -3dB 
G=1V/V 20kHz 
G=100V/V SkHz 
Full Power, 10V p-p Output 
G=1V/V 5kHz 
G=100V/V 3.5kHz 
Full Power, 20V p-p Output 
G=1V/V 2.3kHz 
G=100V/V 2.3kHz 
Slew Rate 0.14V/ps 
Settling Time* +0.05%, +10V Step 400us 
OFFSET VOLTAGE, REFERRED TO INPUT 10 
Initial, @ +25°C +5 te mV max 
200 
vs. Temperature (0 to +70°C) +20 + “|G max +15 + ~ max +10 +2 wee max 
vs. Supply Voltage (+15V to +20V change) : +2 rae pV/V 
RATED OUTPUT 
Voltage, 2kQ Load +10V min 


Output Impedance 
Ourput Ripple, 0.1MHz Bandwidth 


<1 2 (de to 100Hz) 


No Signal IN 5mV p-p 
+10ViN 5OmvV p-p 
ISOLATED POWER SUPPLY 
Voltage +15V de 
Accuracy +10% 
Current +5mA, min 
Regulation No Load to Full Load +5% 
Ripple, 0.1MHz Bandwidth, No Load 25mV p-p 
Full Load 75mV p-p 


POWER SUPPLY, SINGLE POLARITY* 


Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent (@ Vs = +15V) 


+14.4V to +25V 
+8.5V to +25V 
+25mA 


TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 


0 to +70°C 
-15°C to +75°C 
-55°C to +85°C 


CASE DIMENSIONS 1.5" X 2.0" X 0.75" 


NOTES: 

Gain temperature drift is specified as a percentage of output signal level. 

? Gain nonlinearity is specified as a percentage of 10V pk-pk output span. 

? When isolated power output is used, nonlinearity increases by t0.002%/mA of current drawn. 
4G = 1V/V; with 2-pole, 5kHz output filter. 

5 Recommended power supply, ADI model 904, +15V @ 50mA output. 

Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 
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INTERCONNECTIONS AND SHIELDING 
TECHNIQUE 
To preserve the high CMR performance of 
model 289, care must be taken to keep the 
capacitance balanced about the input terminals. 
A shield should be provided on the printed cir- 
cuit board under model 289 as illustrated in the 
outline drawing above (screened area). The LO 
IN/ISO PWR COM (pin 1) must be connected 
to this shield. This shield is provided with the 
mounting socket, model AC1214 (solder feed- 
through wire to the socket pin 1 and copper 
foil surface). A recommended shielding tech- 
nique using model AC1214 is illustrated in 
Figure 1. 


Best CMR performance will be achieved by 
using twisted, shielded cable for the input signal 
to reduce inductive and capacitive pickup. To 
further reduce effective cable capacitance, the 
cable shield should be connected to the com- 
mon mode signal source as close to signal low 
as possible. 


Analog Computational Circuits — 


7 Contents 


Page 
Selection Guide 6-2 
General Information and Definitions of Specifications . | 6-4 
AD532J/K/S General-Purpose Internally Trimmed IC 4-Quadrant Multiplier/Divider | 6-11 
AD533J/K/L/S Lowest-Cost IC 4-Quadrant Multiplier/Divider 6-17 
AD534J/K/L/S/T Highest-Performance Internally Trimmed IC 4-Quadrant Multiplier/Divider - 6-21 6 
AD535J/K High-Performance Internally Trimmed IC 2-Quadrant Divider | 6-29 
®AD539 Wideband Low-Distortion Dual-Channel Two-Quadrant Log/Linear Multiplier . 6-35 
429A/B Wideband 4-Quadrant Multiplier Module 6-37 — 
433J/B Multifunction Device: Y(Z/X)™ 6-39 
755N/P 6-Decade, High Accuracy Log, Antilog Amplifiers 6-41 
757N/P 6-Decade, High Accuracy Log, Antilog Amplifiers 6-43 
759N/P Economy, Wideband Log/Antilog Amplifiers 6-41 


New product since 1980 Data-Acquisition Components and Subsystems Catalog 


ANALOG COMPUTATIONAL CIRCUITS VOL. /,6-1 


Selection Guide 
Analog Computational Circuits 


In this Selection Guide, analog computational circuit products are partitioned into five categories: 


. General-purpose devices capable of optimization as multipliers or dividers 
. Internally trimmed devices optimized as multipliers 

. Internally trimmed devices optimized as dividers 

. Multifunction devices 

. Log/antilog amplifiers 


wm & ww bh = 


Complete and detailed specifications, descriptions, and application information can be found in the data sheets. 


General information and definitions of important specifications can be found in the following pages.t Specifications 


are typical at rated supply voltage and load, and Ta = +25°C, unless noted otherwise. 


1. GENERAL-PURPOSE EXTERNALLY TRIMMED DEVICES 
Type Characteristics 


AD533J/K/L/S Lowest cost general-purpose 4-quadrant multiplier, external trim to 0.5% 
max total error (L) 


2. INTERNALLY TRIMMED MULTIPLIERS 


Type Characteristics 

AD532J/K/S General-purpose 4-quadrant multiplier, differential inputs, standard pinouts, 
internally trimmed to 1.0% max total error (K), 0.04%/°C max (S) 

Model 429A/B Wide-bandwidth 4-quadrant multiplier, full-power response to 2MHz 


min, slewing rate 120V/us min, -3dB bandwidth 10MHz, small-signal, 
1% settling-time 500ns; pretrimmed to 0.5% max error (B) 


AD534J/K/L/S/T High-accuracy internally trimmed 4-quadrant multiplier featuring 
0.25% max total error (L), low noise (90uV rms, 10Hz - 10kHz), and 
versatile differential input configuration. 


AD539J/S Wideband low distortion dual-channel 2-quadrant log/linear multiplier, 
signal bandwidth 3 5MHz 


3. INTERNALLY TRIMMED DIVIDERS 
Type Characteristics 


Model 436A/B High-accuracy 2-quadrant divider-only, pretrimmed to 0.25% max 
error (B, denominator [V,,] range from +0.1V to +10V [VzIS1 Vx 1 ), 
2% max error over temperature (B), 1% max error 0 to +70 C. 

AD535J/K# 2-quadrant divider, pretrimmed for 0.5% max total error (K version) for 
10:1 denominator range. Differential inputs permit choice of denomi- 
nator range. Differential inputs permit choice of denominator polarity. 


4. MULTIFUNCTION DEVICES 


Type Characteristics 


Model 433J/B Programmable multifunction device, Y(Z/X)™ (10V/ERgr), one 
quadrant, m adjustable from 0.2 to 5, max division error 25mV 
(B, Vz from 0.01V to 10V, V,, from 0.1V to 10V, V, SV,,), 1% max 
over temperature. 


+Letter suffixes denote temperature range and performance grade. J/K/L are specified for 
0 to +70°C; A/B are specified for -25°C to +85°C; S/T are specified for -55°C to +125°C. 
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5. LOG/ANTILOG AMPLIFIERS ; Voll Vol It 
Type - Characteristics | Page Page 
Model 755N/P High performance: +1% max log-conformity error for 6 decades of current 6-41 8-7 

(1nA to ImA) and 4 decades of voltage (ImV to 10V), and 0.5% max 

conformity error for 4 decades of current (10nA to 100uA) and 3 decades 

of voltage (ImV to 1V). Antilog output range: 4 decades, lmV to 10V, 

K = 1, 2, 2/3 V/decade, Irep = 10UA (externally adjustable). 6 

6-41 8-7 


Model 75 9N/P Small size and low cost: 1,13” X 1.13” X 0.4” module, wide bandwidth 
200kHz @ 1A, +2% max log-conformity error for 5 decades of current 
(10nA to 1mA) or 4 decades of voltage (1.0mV to 10V), and +1% max 
conformity error for 4 decades of current (20nA to 200uA). Log operating 
range: 6 decades of current (1nA to 1mA) and 4 decades of voltage 
(1mV to 10V). Antilog output range: 4 decades (1mV to 10V), 
K = 1, 2, 2/3 V/decade, Ipep = 10UA (externally adjustable). 


Model 757N/P Input dynamic range, 6 decades of current (1nA to 1mA), either channel, 6-43 8-11 
Log-ratio log conformity error +1.0% max; for 4 decades (10nA to 100uA), log 

conformity error 0.5% max. Log of voltage by using external resistors, 

K = 1 V/decade, +1%, max, or externally programmable. Can be used 

for antilog operations. 
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otal 


Orientation 
Analog Computational Circuits 


The devices catalogued in this section accept analog voltages 
and multiply, divide, square, and/or square-root them, depend- 
ing on device properties and connections. 


Multiplication For two inputs, Vx and Vy, a multiplier will 
provide the output, Eout = VxVy/Ereg, where Eyeg is a dimen- 
sional constant, usually of 10V nominal value. If Eye¢ = 10V, 
Eout = 10V when Vx and Vy are 10V. Multipliers are used for 
modulation and demodulacon: fixed and variable remote gain 
adjustment, power measurement, and mathematical operations 
in analog computing, curve fitting, and linearizing. 


If the inputs may be of either positive or negative polarity, and 
the output polarity is in a correct relationship for multiplica- 
tion, the device is called a “four-quadrant” multiplier, reflect- 
ing the 4 quadrants of the X-Y plane. 


Squaring If Vx = Vy = Vin, a multiplier’s output will be 

Vin? /Eye. A four-quadrant multiplier, used as a squarer, will 
have an output that is positive, whether Vip is positive or nega- 
tive. Squarers are useful in frequency doubling, power meas- 
urement of constant loads, and mathematical operations. 


Division For a numerator input, Vz, and a denominator input, 
Vx, an analog divider will provide the output, 

Eout = Eref(Vz/Vx). If Eref = 10V, Eout will be 10V or less 

for Vz <Vx. Vx is of a single polarity and will not provide 
meaningful results if it approaches zero too closely. If V, may 
be of either positive or negative polarity, the device is de- 
scribed as a “two-quadrant”’ divider, and the output will 
reflect the polarity of V,. Analog dividers are used to compute 
ratios—such as efficiency, attenuation, or gain; they are also 
used for fixed and variable remote gain adjustment, ratiometric 
measurements, and for mathematical operations in analog 
computing. 


Square rooting For a numerator input, Vjy, and a denominator 
input, E, (the output fed back to the denominator input), the 
output of a divider is Ey = Ere¢(Vin/E,); hence Ey =VErefVin- 
A square-rooter works in one quadrant; some devices require 
external diode circuitry to prevent latchup if the input polarity 
changes, even momentarily. Square roots are used in vector 
and rms computation, to linearize flowmeters, and for mathe- 
matical operations in analog computing. 


CHOOSING A MULTIPLIER, DIVIDER, etc. 

A number of devices are listed here, differing in internal archi- 
tecture, external functional configuration, device technology, 
and performance specifications. Some have essentially fixed ref- 
erences; others have an actively variable or programmable ref- 
erence as a third input (multifunction devices), and one type 
(model 433) performs the one-quadrant operation, Eg = 
V2(Vy/Vx)"™s where m is an exponent adjustable from 1/5 to 
5. With one exception (model 436 precision 2-quadrant 
divider), all of the devices listed here can be used for any of 
the functions defined above. 


Considerable information on these functions, the nature of 
devices to perform them, and extensive discussions of their 
applications can be found in two publications available from 


Analog Devices.’ A wealth of information is also to be 
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found in the data sheets for the individual devices, published 
in this section. In addition to the products listed here, a num- 
ber of popular earlier products are still available; data sheets 
are available upon request. 


Internal Architecture All of the devices in this selection rely on 
the logarithmic properties of silicon P-N junctions. With the 
exception of models 433 and 436, the circuit employed is 
basically like that of the “‘Gilbert cell” (its 4-quadrant-multi- 
plying circuitry and performance are described in (1) and (2), 
with further references to original sources). The input voltages 
are converted to currents, the currents are multiplied together 
and divided by a reference, and the net output current, Ixly/Tref, 
is converted to voltage by feedback around the output amplifier. 
The feedback terminals are available as inputs for applications 
involving division. In the AD531°, the Ipe¢ terminals are avail- 
able for external programming or variation; thus, the AD531 
is a 3-variable “multifunction” IC which can divide without ex- 
ternal feedback. This versatile feature offers greater bandwidth 
as a divider. 

I, + I, Intl, 


| OUTPUT | 


Basic 4-Quadrant Variable-Transconductance Multiplier Circuit 


2Vy.V, 
lo (I3 Is) (I4 I6) TRxRy 


EXTERNAL RESISTORS ARE 
CONNECTED HERE TO ADJUST m. 
A@BQCO DIRECTCONNECTION YIELDS m= 1, 


Functional Block Diagram of Model 433 


In multifunction devices like Model 433, the feedback cur- 
rents of the input op amps are used to develop logarithmic 


' Multiplier Application Guide, available upon request 

2 Nonlinear Circuits Handbook, D. H. Sheingold, ed., 1976, 536pp., 
$5.95, P.O. Box 796, Norwood MA 02062 

3 Data sheet available upon request. 


voltages across transistor base-emitter junctions; these voltages 
are summed and differenced and produce an exponential cur- 
rent proportional to Vy V/V, via another transistor junction in 
the input path of the Sutput amplifier. Thus, the output volt- 
age is proportional to V,V,/V,; an internally generated refer- 
ence voltage is available as a fixed reference for the odd input 
in two-variable operations. In the 433, the internal emitter- 
voltage difference proportional to log (Vz/V,) can be amplified 
or attenuated by the appropriate connection of a resistive at- 
tenuator with an attenuation ratio, m; since the antilog of 
m(log V,/Vx) is (Vz Vx)", the output of the 433 is propor- 
tional to Vy(V, /V,)™. In the model 436 divider, the inputs 
are scaled and linearly combined, before the log-antilog com- 
putation takes place; the result is that the numerator (of 
V_/Vx) may have positive or negative values. The 436 circuit 
is optimized and trimmed for performance as a dedicated 

' divider; it has a fixed reference. Its circuit principles are 
discussed in some detail on the data sheet. 


External functional configuration As noted earlier, with the _ 
exception of the model 436 dedicated divider, all of the devices 
listed here can be used for multiplication, division, squaring, | 
and/or square-rooting (MDSSR), by the appropriate connec- 
tion of external jumpers. As an example, the AD534 is shown 
connected for multiplication, and the AD535, which has sim- 
ilar architecture but is optimized for division, is shown con- 
nected for division and square-rooting. Performance of pre- 
trimmed devices is optimized in specified modes of operation, 
usually multiplication. The data sheets show how devices are 
connected for the various modes of operation; where appro- 
priate, the trim circuits and procedures for optimizing per- 
formance are provided. 


Some devices have differential inputs, which provide a great 
deal of flexibility. They permit polarity changes without ex- 
ternal inversion, direct subtraction of inputs, insertion of bias 
voltages for additive constants, and direct multiplication of the 
results of differential measurements. 


Technologies The devices described here are either monolithic 
integrated circuits or high-performance modules. For any 
application, the user will evaluate a device on the basis of its 
performance in the desired mode(s). The modules provide the 
highest performance: speed (model 429), accuracy as a divider 
(436), and accuracy in multifunction applications (433). On 
the other hand, the IC’s provide economy of cost and space, and 
the availability of “mil-temp” range (-55°C to +125°C) ver- 


DENOMINATOR 
x 


BASIC RELATIONSHIP: (X, - X) (Y, - Y2) = 10V (Zy- 22) 


Vx Vy = 10V E, V, (-E,) = 10V V, 


Multiplier 


Divider . 


sions. The pretrimmed IC’s (AD534, AD535 and AD532) use 
laser trimming of thin-film-on-silicon chips at the wafer stage 
and buried-Zener reference circuitry, as well as thermally 
balanced input stages and “‘core”’ circuitry, for overall maxi- 
mum errors to 0.25%, and linearities as yet unmatched in the 
industry. | 


Performance Multiplier performance, specifications and test 
circuitry are described in great detail in the NONLINEAR 
CIRCUITS HANDBOOK. Here is a brief digest of the factors | 
relating to low-frequency performance. 


In theory, a multiplier has an output which is ideally the Snel 
uct of two input variables, X and Y, divided by the 10V scaling 
voltage. However, the practical multiplier is subject to various 
offset errors and nonlinearities, which must be accounted for 
in its application. This discussion is intended to assist the 
designer in understanding and interpreting multiplier and 
divider specifications and obtaining insight into device 
performance. ; 


In practice (see the figure), the multiplier may be considered 
as having two parts, one (M) contains the input circuitry and 
the multiplying cell; the other is the gain-conditioning op: 
amp, A. 


O Z (DIVIDE INPUT) 


x 
| 
| O OUT 
| | Y 
Y | Te (MULTIPLY) 
Yo | 
1 
| | at (DIVIDE) 
t 
Re ee eh A J 


Functional Block Diagram of Typical Multiplier/Divider — 


Also summed at the op-amp input is the feedback variable, Z 
In multiplication, Z is connected to the output circuit. In di- 
vision, Z and X are the inputs, and Y is connected to the output. 
The figure shows a model used for considering errors. Xo 

and Y, are input offset voltages, Zo is the offset-referred-to- 
the-input of the output amplifier, and F(X’, Y’) is the non- 


linearity, viewed as the departure from the ideal multiplication, 
xy . The output equation, including the errors is of the form 


0 OUT, E, 


R LOAD 
O OUTPUT, E, (MUST BE PROVIDED) 


E, (-E,) = 10V V, 


Square Rooter 
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The errors are included in the bracketed term, except for gain 
error, which is the departure of “‘B”, the gain-error term, from 
its nominal value of unity. The effects of input offsets (called 
“linear feedthrough”) can be set to zero by applying external 
input biases, the output offset can be set to zero by biasing the 
output amplifier, and the gain can be externally calibrated by 
adjusting the reference or the feedback resistance. The remain- 
ing departure from the ideal output for any combination of 
input values is the irreducible linearity error, or nonlinearity, 
a function of X and Y that differs from device to device and, 
with temperature, within a given device. The component of 
nonlinearity for X = 0 is called “Y feedthrough” and for 

Y = 0, it is called “X feedthrough”’. 


The “total error” specification includes the effects of all these 
errors. Although a guide to performance, it may produce an 
excessively conservative design in some applications. For ex- 
ample, output offset is not important if the output is to be 
capacitively coupled or the initial offset is nulled. Gain error 
is not important if system gain is to be adjusted elsewhere in 
the system or if gain is not a critical factor in system perform- 
ance. If frequent calibration of offset and scale-factor errors 
is available (e.g., in a “‘smart”’ instrument, via software) non- 
linearity becomes the limiting parameter. In such cases, im- 
provements in predicted error can be achieved by using the 
approximate linearity equation: 


f{(X,Y) = |Vxle& + IVy | ey 


were €, and €y are the specified fractional linearity errors 
(%/100) and Vx and Vy are the input signals. 


When multipliers are fed back for use in division applications, 
it is important to recognize that maximum multiplication 
errors are increased approximately in proportion to the inverse 
of the denominator voltage (10V/V,,), and bandwidth is 
decreased in proportion to denominator voltage. Pretrimmed 
multipliers used in such applications, with wide dynamic range 
of X (e.g., 10:1), will always benefit greatly by the trimming 
of offsets, especially Z, (affects offsets) and X (affects gain), 
for small values of X. 


DEFINITIONS OF SPECIFICATIONS* 

Accuracy is defined in terms of total error of the multiplier at 
room temperature and constant nominal supply voltage. Total 
error includes the sum of the effects of input and output dc 
offsets, nonlinearity, and feedthrough. Temperature depend- 
ence and supply-voltage effects are specified separately. 


Scale Factor The scale-factor error (or gain error) is the dif- 
ference between the average scale factor and the ideal scale 


*These are general definitions. Further definitions are provided as foot- 
notes to the specification tables; they should be read carefully. 
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factor (e.g., (10V)-" ). It is expressed in percent of the output 
signal. Temperature dependence is specified. 


Output Offset refers to the offset voltage at the output-ampli- 
fier stage. This offset is usually minimized at manufacture and 
can be trimmed where high accuracy is desired. Output offset 
vs. temperature is also specified. 


Linearity Error or Nonlinearity is the maximum difference 
between actual and “‘best-straight-line” theoretical output, for 
all pairs of input values, expressed as a percentage of full scale, 
with all other dc errors nulled. It is the irreducible minimum 
error. It is usually expressed in terms of X and Y nonlinearity, 
with the named input swinging over its full-scale range and the 
other input at (+) 10V. Y nonlinearity is considerably less than 
X nonlinearity in “‘Gilbert-cell”’ multipliers. This specification 
includes nonlinear feedthrough. 


X or Y Feedthrough is the signal at the output for any value of 
X or Y input in the rated range, when the other input is zero. 
It has two components, a linear one, corresponding to an input 
offset at the zero input, which can be trimmed out (but can 
drift and has a temperature specification), and a nonlinear one, 
which is irreducible. Feedthrough is usually specified at one 
frequency (50Hz) for a 20V p-p sine wave input. It increases 
with frequency, and plots of typical feedthrough vs. frequency 
are provided on multiplier data sheets. 


Noise is specified and measured with both inputs at zero signal 
and zero impedance (i.e., shorted). For low-frequency applica- 
tions, filtering the output of the multiplier may unprove small- 
signal resolution significantly. 


Dynamic Parameters include: small-signal bandwidth, full- 
power response, slew(ing) rate, small-signal amplitude error, 
and settling time. 


Small-signal bandwidth is the frequency at which the output 
is down 3dB from its low-frequency value (i.e., by about 30%) 
for a nominal output amplitude of 10% of full scale. 


Full-power response is the maximum frequency at which 
the multiplier can produce full-scale voltage into its rated load 
without noticeable distortion. 


Slew (ing) rate is the maximum rate of change of output 
voltage for the product of a full-scale de voltage and a full- 
scale step input. 


Small-signal amplitude error is defined in relation to the fre- 
quency at which the amplitude response, or scale factor, is in 
error by 1%, measured with a small (10% of full-scale) signal. 


Settling time, for the product of a +10V step and 10Vdc, is 
the total length of time the output takes to respond to an input 
change and stay within some specified error band of its final 
value. Settling time cannot be accurately predicted from any 
other dynamic specifications; it is specified in terms of a pre- 
scribed measurement. 


Vector error is the most-sensitive measure of dynamic 
error. It is usually specified in terms of the frequency at which 
a phase error of 0.01 radians (0.57°) occurs. 


LOGS AND LOG RATIOS 
In the logarithmic mode, the ideal output equation is 


E, can be positive or negative; it is zero when the ratio is 
unity, i.e., lin = Ipeg. K is the output scale constant; it is 
equal to the number of output volts corresponding to a de- 
cade* change of the ratio. In the 755 and 759 log amplifiers, 
K is pin-programmable to be either 1V, 2V, or 2/3V, or exter- 
nally adjustable to any value 2 2/3V; in the model 757 log- 
ratio amplifier, K may be either a preset value of 1V, or an 
arbitrary value adjustable by an external resistance ratio. 


I, is a unipolar input current within a 6-decade range (1nA 

to 1mA); it may be applied directly, as a current, or derived 
from an input voltage via an input resistor (in which case, 

the ratio becomes Ej,/(Rinlref) = Ein/Eref. In models 755 and » 
759, the magnitude of Ireg is internally fixed at 1OUA (Ereg = 
0.1V) or externally adjusted; but model 757 is a log-ratio 
amplifier, in which both Ij, and Ire (or Ejn and Exeg, using 
external scaling resistors) are input variables. 


Each of the log amplifiers is available as a “P”’ or “‘N”’ op- 
tion, depending on the polarity of the input voltage. Loga- 
rithms may be computed only for positive arguments, there- 
fore the reference current must be of appropriate polarity to 
make the ratio positive. “‘N” indicates that the input current 
(or voltage) for the log mode is positive; “‘P” indicates that 
only negative voltage or current may be applied in the log 
mode. The polarity of K also differs: K is positive for ““N”’ 
versions and negative for “P’’ versions. Thus, +10V applied 
to model 755N, with K = +1V, would produce an output vol- 
tage, E, = -1V log (100) = -2V; on the other hand, -10V 
applied to model 755P, with K = 1V, would produce an out- 
put voltage, Ey = -(-1V) log (100) = +2V. The figure shows, 
in condensed form, the outputs of P and N log-amps, with dif- 
fering K values, for voltage and current inputs. 


Log amplifiers in the log mode are useful for applications re- 
quiring compression of wide-range analog input data, linear- 
ization of transducers having exponential outputs, and analog 
computing, ranging from simple translation of natural rela- 
tionships in log form (e.g., computing absorbance as the log- 
ratio of input currents), to the use of logarithms in facilitating 
analog computation of terms involving arbitrary exponents 
and multi-term products and ratios. 


ANTILOGS 
In the antilogarithmic (exponential) mode, the ideal output 
equation is 


Eo = Eref expio (- Ejn/K) 


*A decade is a 10:1 ratio, two decades is 100:1, etc. For example, 

if K = 2, and the ratio is 10, the magnitude of the output would be 

2V, and its polarity would depend on whether the ratio were greater 

or less than unity. If the input signal then changed by a factor of 
1000 (3 decades), the output would change by 6V. 
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Output vs. Input of Model 755N & 755P in Log Connection 
(Log Input Scales), Showing Voltages, and Polarity Relationships 


E;, can be positive or negative; when it is zero, Eo = Ereg. 
However, E, is always of single polarity, positive for “N” 
versions, negative for “P’’ versions. Thus, for 759P, connect- 
ed for K = -2V, if. Ej, = +4V, and Eyep = -0.1V, then 


E, = -0.1V-10/?, or - 10V; if Ej, = -4V, then 


Ey = -~9.1V:10 6/2 =-1mV. The figure on the next page 
shows, in condensed form, the outputs of P and N log amps, 
connected for antilogarithmic operation, with different K 
values. 


Antilog amplifiers are useful for applications requiring expan- 


‘sion of compressed data, linearization of transducers having 


logarithmic outputs, analog function fitting or function gener- 
ation, to obtain relationships or generate curves having volt- 
age-programmable rates of growth or decay, and in analog 
computing, for such functions as compound multiplication 
and division of terms having differing exponents. 
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LOG-ANTILOG AMPLIFIER PERFORMANCE 

Considerable information regarding log- and antilog-amplifier 
circuit design, performance, selection, and applications is to 
be found in the NONLINEAR CIRCUITS HANDBOOK’. | 
Several salient points will be covered here, and specifications 
will be defined. ' 


A log/antilog amplifier consists of an operational amplifier 
and an element with antilogarithmic transconductance (i.e., 
the voltage into the element produces a current that is an 
exponential function of the voltage). As the figure shows, for 
logarithmic operations, the input current is applied at the op- 
amp summing point, and the feedback circuit causes the am- 
plifier output to produce whatever voltage is required to pro- 
vide a feedback current that will exactly balance the input 
current. 


In antilog operation, the input voltage is applied directly to 
the input of the antilog element, producing an exponential 
input current to the op-amp circuit. The feedback resistance 
transduces it to an output voltage. 


lin 
(SUMMING 
POINT) 


+15V COM -15V TRIM Eos 


a) Log/Antilog Amplifier Connected in the Log Mode (K = 1) 


1 Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976, 
536pp, edited by D. H. Sheingold, $5.95; send check or complete 
MasterCard data to P.O. Box 796, Norwood MA 02062 
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5 SUMMING POINT 
(EXTERNAL R;) 
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ELEMENT Ry = 10k2, 1/4% 


“ev “COM _15V TRIM Eos 
b) Log/Antilog Amplifier Connected in the Exponential Mode 


The wide range of log/exponential behavior is made possible 
by the exponential current-voltage relationship of transistor 
base-emitter junctions, 


I= I,(eaV/kT — 1) = Led V/kT 


and) V = (kT/q) In (I/I,) 

where I is the collector current, Ig is the extrapolated cur- 

rent for V = 0, V is the base-emitter voltage, q/k (11605° K/V) 
is the ratio of charge of an electron to Boltzmann’s constant, 
and T is junction temperature kelvin. In log/antilog devices, 
two matched transistors are connected so as to subtract the 


_ Junction voltages associated with the input and reference cur- 


rents, making the ratio independent of I,’s variation with 
temperature. 


AV 


(kT/q) In (lin/Ig) — (KT/q) In (lpeg/Ig) 
(kT/q) (In Tig — In Ipeg) + (KT/q) (In Ig — In Ig) 
(kT/q) In (lin/Tref) | 


The temperature-dependence of gain is compensated for by a 
resistive attenuator that uses a temperature-sensitive resistor 
for compensation. The attenuator also produces amplification 
of K to the specified nominal values, e.g., from the basic 
59mV/decade (kT/q) In10 at room temperature) to 

1V/decade. | 


Errors are introduced by the offset current of the amplifier, 
and the offset voltage, for voltage inputs; by inaccuracy of the 
reference current (or the effective reference voltage, for volt- 
age inputs) in fixed-reference devices; and by inaccuracy of 
setting K. Additional errors are introduced by drift of these 
parameters with temperature. At any temperature, if these 
parameters are nulled out, there remains a final irreducible dif- 
ference between the actual output and the theoretical output, 
called log-conformity error, which is manifested as a ‘‘nonline- 
arity” of the input-output plot on semilog paper. Best log con- 
formity is realized away from the extremities of the rated signal 
range. For example, log-conformity error of model 755 is +1% 
maximum, referred to the input, over the entire 6-decade range 
from 1nA to 1mA; but it is only 0.5% maximum over the 4 
decade range from 10nA to 100A. 


ul 


il 


Errors occurring at the input, and log-conformity errors, can 
only be observed at the output, but it is useful to refer them to 
the input (RTI). Equal percentage errors at the input, at what- 


ever input level, produce equal incremental errors at the out- 
put, for a given value of K. For example, if K = 1, and the RTI 
log-conformity error is +1%, the magnitude of the output error 
will be 


Error = Actual output — ideal output 
1V-log (1.01 I/lpep) — 1V-log (I/Ibeg) 
= 1V-log1.01 = 0.0043V = 4.3mV 


If, in this example, the input range happens to be 5 decades, 
the corresponding output range will be 5 volts, and the 4.3mV 
log-conformity error, as a percentage of total output range, 

will be less than 0.1%. Because this ambiguity can prove con- 
fusing to the user, it is important that a manufacturer specify 
whether the error is referred to the input or the output. The 
table below indicates the conversion between RTI percentage 
and output error-magnitudes, for various percent errors, and 
various values of K. 


LOG OUTPUT ERROR (mV) 


%ERRORRTI K=1V 8 K=2V K = (2/3)V 

0.1 0.43 0.86 0.28 
0.5 2.2 4.3 1.4 
1.0 4.3 8.6 2.9 
2.0 8.6 17. 5.7 
3.0 13. 26. 8.6 
4.0 17. 34. 11. 
5.0 21. 42. 14. 

10.0 41. 83. 28. 


For antilog operations, input and output errors are interchanged. 


To arrive at the total error, an error budget should be made up, 
taking into account each of the error sources, and its contribu- 
tion to the total error, over the temperature range of interest. 


Dynamic response of log amps is a function of the input level. 
Small-signal bandwidths of ac input signals biased at currents 
above 1A tend to be roughly comparable. However, below 
1yA, bandwidth tends to be in rough proportion to current 
level. Similarly, rise time depends on step magnitude and 
direction — step changes in the direction of increasing current 
are responded to more quickly than step decreases of current. 


. DEFINITIONS OF SPECIFICATIONS 


Log-Conformity Error When the parameters have been adjust- 
ed to compensate for offset, scale-factor, and reference errors, 
the log-conformity error is the deviation of the resulting func- 
tion from a straight line on a semilog plot over the range of in- 
terest. 


Offset Current (Igg) is the bias current of the amplifier, plus 
any stray leakage currents. This parameter can be a significant 
source of error when processing signals in the nanoampere re- 
gion. Its contribution in antilog operation is negligible. 


Offset Voltage (Eg,) depends on the operational amplifier used 
for the log operation. Its effect is that of a small voltage in se- 
ries with the input resistor. For current-logging operations, with 
high-impedance sources, its error contribution is negligible. 
However, for voltage logging, it modifies the value of Vin. 
Though it can be adjusted to zero at room temperature, its 
drift over the temperature range should be considered. In anti- 
log operation, Eg, appears at the output as an essentially con- 
stant voltage; its percentage effect on error is greatest for small 
outputs. 


Reference Current (Ireg) is the effective internally-generated 
current-source output to which all values of input current are 
compared. I,e¢ tolerance appears as a dc offset at the output; 

it can be adjusted towards zero by adjusting the reference cur- 
rent, adding a voltage to the output by injecting a current into 
the scale-factor attenuator, or simply by adding a constant bias 
at the output’s destination. 


Reference Voltage (Eyeg) is the effective internally generated 
voltage to which all input voltages are compared. It is related 
to lee by the equation: Eref = lrefRin, where Rin is the value of 
input resistance. Typically, Iye¢ is less stable than Rj; there- 
fore, practically all the tolerance is due to Ire. 


Scale Factor (K) is the voltage change at the output for a dec- 
ade (i.e., 10:1) change at the input, when connected in the 
log mode. Error in scale factor is equivalent to a change in gain, 
or slope (on a semilog plot), and is specified in percent of the 
nominal value. . 
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ANALOG 
DEVICES 


FEATURES 

Pretrimmed To +1.0% (AD532K) 

No External Components Required 

Guaranteed +1.0% max 4-Quadrant 
Error (AD532K) 

Diff Inputs For (X;—X2) (Y;—Y2)/10V 
Transfer Function 

Monolithic Construction, Low Cost 


APPLICATIONS. 

Multiplication, Division, Squaring, 
Square Rooting 

Algebraic Computation 

Power Measurements 

Instrumentation Applications 


PRODUCT DESCRIPTION 

The AD532 is the first pretrimmed single chip monolithic 
multiplier/divider. It guarantees a maximum multiplying 
error of 1.0% and a +10V output voltage without the need 
for any external trimming resistors or output op amp. Because 
the AD532 is internally trimmed, its simplicity of use provides 
design engineers with an attractive alternative to modular 
multipliers, and its monolithic construction provides 
significant advantages in size, reliability and economy. Further, 
the AD532 can be used as a direct replacement for other IC 
multipliers that require external trim networks (such as the 
AD530). 


FLEXIBILITY OF OPERATION 

The AD532 multiplies in four quadrants with a transfer 
function of (X;—X2)(Y4—Y2)/10V, divides in two quadrants 
with a 10VZ/(X1—Xz2) transfer function, and square roots in 
one quadrant with a transfer function of + ./10VZ., In addi- 
tion to these basic functions, the differential X and Y inputs 
provide significant operating flexibility both for algebraic 
computation and transducer instrumentation applications. 
Transfer functions, such as XY/10V, (X2—Y2)/10V, +X2/ 
10V, and 10VZ/(X,—X 2) are easily attained, and are ex- 
tremely useful in many modulation and function generation 
applications, as well as in trigonometric calculations for 
airborne navigation and guidance applications, where the 
monolithic construction and small size of the AD5 32 offer 
considerable system advantages. In addition, the high CMRR 
(75dB) of the differential inputs makes the AD5 32 especially 
well qualified for instrumentation applications, as it can 
provide an output signal that is the product of two transducer- 
generated input signals. 


‘Anternally Trimmed 
Integrated Circuit Multiplier 


AD532 


AD532 FUNCTIONAL BLOCK DIAGRAM 


(X1 - X2) (Y1 - Yo) 
10V 


Vout = 


(WITH Z TIED TO OUTPUT ) 


GUARANTEED PERFORMANCE OVER TEMPERATURE 
The AD532J and AD532K are specified for maximum multi- 
plying errors of +2% and +1% of full scale, respectively at 
+25°C, and are rated for operation from 0 to +70°C. The 
AD532S has a maximum multiplying error of +1% of full 
scale at +25°C; it is also 100% tested to guarantee a maximum 
error of +4% at the extended operating temperature limits of 
-55°C and +125°C. All devices are available in either the 
hermetically-sealed TO-100 metal can or TO-116 ceramic DIP. 


AD532H 


Y2 


TO-100 
TOP VIEW | 


AD532D 


NC X2 GNO Vos Y2 v1 +V5 


TO-116 
TOP VIEW 
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PARAMETER . CONDITIONS AD532J AD532K ADS32S 
ABSOLUTE MAX RATINGS - 
Supply Voltage +18V * +22V 
Internal Power Dissipation 500mW 2 . 
Input Voltage’ 
X, Y, Vos, Z +Vs . . 
Rated Operating Temp Range 0 to +70°C i -55°C to +125°C 
Storage Temp Range -65°C to +150°C * . 
Lead Temperature 60 Sec Soldering +300°C = 8s 
Output Short Circuit To Ground Indefinite 7 , 
MULTIPLIER SPECIFICATIONS 
Transfer Function (X1—-X2)(Y,—Y2)/10V bs , 
Total Error (% F.S.) Vx = 0/410V, Vy = 0/£10V +2%max [21.5% typ] +1.0% max [+0.7% typ] +1.0% max [+0.5% typ] 
TA = min to max +2.5% +1.5% +4.0% max 
vs. Temperature TA = min to max +0.04%/°C +0.03%/°C +0.04%/°C max 
[+0.01%/°C typ] 
Nonlinearity ; 
X Input Vx = 20V(p-p), Vy = +10V  +0.8% +0.5% oe 
Y Input Vy = 20V(p-p), Vx =+10V  +0.3% +0.2% + 
Feedthrough 
X Input Vx = 20V(p-p), Vy = 9, 200mV(p-p) max 100mV(p-p) max 
f = 50Hz [SOmV(p-p) typ] [30mV(p-p) typ] * 
Y Input Vy = 20V(p-p), Vx = 9, 150mV(p-p) max 80mV(p-p) max 
f = 50Hz {[30mV(p-p) typ] [25mV(p-p) typ] lad 


vs. Temperature TA = min to max 


2.0mV(p-p)/°C 1.0mV(p-p)/°C 


DIVIDER SPECIFICATIONS 


Transfer Function 10VZ/(X 1 —X2) 7 . 
Total Error? Vx = —-10V, Vz = t10V +2% +1% sd 
Vx = —-1V, Vz = +10V +4% 3% “ 
SQUARER SPECIFICATIONS 
Transfer Function (X41 —X)? /10V be 
Total Error +0.8% +0.4% vie 
SQUARE ROOTER SPECIFICATIONS 
Transfer Function — J10VZ . 
Total Error? Vz = 0/+10V +1,5% +1.0% es 
INPUT SPECIFICATIONS 
Input Resistance 
X, Y Inputs 10MQ2 
Z Input 36k 
Input Bias Current ig 
X, Y Inputs 3uA 4uA max [1.5uA typ] as 
Z Input +10UA £15uA max [+5yA typ] ad 
X, Y Inputs TA = min to max 10uA 8uA as 
Z Input TA = min to max +30yUA t25yA : = 
Input Offset Current 
X, Y Inputs. ; +0.3uA t0.1pA bibs 
Input Voltage Diff/CM Ta = min to max 
X, Y, Z Inputs For Rated Accuracy +10V : * 
CMRR (X or Y Inputs) Xor Y = +10V 40dB min 50dB min al 


DYNAMIC SPECIFICATIONS 


Small Signal, Unity Gain 1.0MHz i . 
Full Power Bandwidth 750kHz , . 
Slew Rate 45V/us * > 
Small Signal Amplitude Error 1% at 75kHz . ad 
Small Signal 1% Vector Error _0.5° phase shift 5kHz * ° 
Settling Time +10V step lus to 2% * : 
Overload Recovery 2us to 2% * * 
OUTPUT AMPLIFIER SPECIFICATIONS i 
Output Impedance Closed Loop 122 3 . 
Output Voltage Swing TA = min to max 
Ry > 2k2,Cy <1000pF = £10V min [+13V typ] : 
Output Noise f = 5Hz to 10kHz 0.6mV(rms) : 
f = 5Hz to SMHz 3.0mV(rms) ™ 
Output Offset Voltage 
Initial Offset Trimmable To Zero +40mV +30mV max es 
vs. Temperature TA = min to max 0.7mV/°C r 2.0mV/°C max 
POWER SUPPLY SPECIFICATIONS 
Supply Voltage Rated Performance +15V : i 
Operating +10V to $18V = +10V to +22V 
Supply Current Quiescent +6mA max [t4mA typ] * > 
Power Supply Variation 
Multiplier Accuracy 40.05 %/% * - 
Output Offset +2.5mV/% * = 
Scale Factor —0.03%/% * * 
Feedthrough +0.25mV/% ° = 
NOTES: 


* Max input voltage is zero when supplies are turned off. 
? With recommended external trim (see Applications). 
*Specifications same as AD532)J. 

* Specifications same as AD532K. 

Specifications subject to change without notice. 
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FUNCTIONAL DESCRIPTION. 

The functional block diagram for the AD532 is shown on 

the first page, and the complete schematic in Figure. 1. In the 
multiplying and squaring modes, Z is connected to the output 
to close the feedback around the output op amp. (In the 
divide mode, it is used as an input terminal.) 


The X and Y inputs are fed to high impedance differential 
amplifiers featuring low distortion and good common mode 
rejection. The amplifier voltage offsets are actively laser 
trimmed to zero during production. The product of the two 
inputs is resolved in the multiplier cell using Gilbert’s 
linearized transconductance technique. The cell is laser 
trimmed to obtain Vout = (X1—X2)(Y1—Y2)/10 volts. 

The built-in op amp is used to obtain low output impedance 
and make possible self-contained operation. The residual 
output voltage offset can be zeroed at Vg, in critical applica- 


Figure 1, AD532 Schematic Diagram 


tions ... . otherwise the Vo, pin should be grounded. 
ORDERING GUIDE 

Model Package Option’ Max Mult Error Temperature Range 
AD532JH TO—100 +2.0% Oto +70°C 
AD532JD . TO—116 Style (D14A) 2.0% 0 to +70 °C 
AD532KH TO—100 } +1.0% 0 to +70 °C 
AD532KD TO—116 Style (D14A) ~ +£1.0% 0 to +70 C ' 
AD532SH TO—100 +1,.0% “55°C to +125 °C 
AD532SD TO—116 Style (D14A) +1.0% -55 Cto +125 C 


1See Section 20 for package outline information. 
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AD532 PERFORMANCE CHARACTERISTICS 
Multiplication accuracy is defined in terms of total error at 
+25°C with the rated power supply. The value specified is in 
percent of full.scale and includes Xjn and Yjp nonlinearities, 
feedback and scale factor error. To this must be added such 
application-dependent error terms as power supply rejection, 
common mode rejection and temperature coefficients 
(although worst case error over temperature is specified for 
the AD532S). Total expected error is the rms sum of the 
individual components, since they are uncorrelated. 


Accuracy in the divide mode is only a little more complex. To 
achieve division, the multiplier cell must be connected in the 
feedback of the output amp as shown in Figure 12. In this 
configuration, the multiplier cell varies the closed loop gain of 
the op amp in an inverse relationship to the denominator 
voltage. Thus, as the denominator is reduced, output offset, 
bandwdith and other multiplier cell errors are adversely af- 
fected. The divide error and drift are then €,, * 10V/X1—X2) 
where €,, represents multiplier full scale error and drift, and 
(X4—X>2) is the absolute value of the denominator. 


NONLINEARITY 


Nonlinearity is easily measured in percent harmonic distortion. 


The curves of Figures 2 and 3 characterize output distortion 

as a function of input signal level and frequency respectively, 
with one input held at plus or minus 10V dc. In Figure 3 the 
sine wave amplitude is 20V (p-p). 
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Figure 2. Percent Distortion vs. Input Signal 
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Figure 3. Percent Distortion vs. Frequency 
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AC FEEDTHROUGH 

AC Feedthrough is a measure of the multiplier’s zero 
suppression. With one input at zero, the multiplier output 
should be zero regardless of the signal applied to the other 
input. Feedthrough as a function of frequency for the 
AD532 is shown in Figure 4, It ismeasured for the condition 
Vx= = 0, Vy = 20V(p-p) and Vy = = 0, Vx = 20V(p-p) over the 
given frequency range. It consists primarily of the second 
harmonic and is measured in millivolts peak-to-peak. 


Se Se el ell lt GG = a 
ae ee ae a ee ee a 


Bi 
ieee ee eee 
SIC 


FEEOTHRU - mV 


Te aMENG? Hz 


Figure 4, Feedthrough vs. Frequency 


COMMON MODE REJECTION 

The AD5 32 features differential X and Y inputs to enhance 
its flexibility as a computational multiplier/divider. Common 
mode rejection for both inputs as a function of frequency is 
shown ‘in Figure 5. It is measured with X; = X2 = 20V (p-p), 
(Y1—-Y2)=+10V de and Y, = Y2 = 20V(p-p), (X1—X2) = 
+10V de. 


CMRR - dB 


FREQUENCY - Hz 


Figure 5. CMRR vs. Frequency 
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Figure 6. Frequency Response, Multiplying 
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DYNAMIC CHARACTERISTICS 

The closed loop frequency response of the AD532 in the 
multiplier mode typically exhibits a 3dB bandwidth of 
1MHz and rolls off at 6dB/octave thereafter. Response 
through all inputs is essentially the same as shown in 
Figure 6. In the divide mode, the closed loop frequency 
response is a function of the absolute value of the 
denominator voltage as shown in Figure 7 


Stable operation is maintained with capacitive loads to 
1000pF in all modes, except the square root for which 
SOpF is a safe upper limit. Higher capacitive loads can be 
driven if a 100{2 resistor is connected in series with the 
output for isolation. 
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Figure 7. Frequency Response, Dividing 


POWER SUPPLY CONSIDERATIONS 

Although the AD532 is tested and specified with +15V dc 
supplies, it may be operated at any supply voltage from 
+10V to +18V for the J and K versions and t10V to +22V 
for the S version. The input and output signals must be 
reduced proportionately to prevent saturation, however, 
with supply voltages below +15V, as shown in Figure 8. 
Since power supply sensitivity is not dependent on external 
null networks as in the AD530 and other conventionally 
nulled multipliers, the power supply rejection ratios are 
improved from 3 to 40 times in the AD532. 


SATURATED OUTPUT VA 
SWING 


PEAK SIGNAL VOLTAGE - Volts 
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Figure 8. Signal Swing vs. Supply 


NOISE CHARACTERISTICS 

All AD532s are screened on a sampling basis to assure that 
output noise will have no appreciable effect on aecutacy: 
Typical spot noise vs. frequency is shown in Figure 9. 
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Figure 9. Spot Noise vs. Frequency 


APPLICATIONS CONSIDERATIONS 
The performance and ease of use of the AD532 is achieved 
through the laser trimming of thin film resistors deposited 
directly on the monolithic chip. This trimming-on-the-chip 
technique provides a number of significant advantages in 
terms of cost, reliability and flexibility over conventional 
in-package trimming of off-the-chip resistors mounted or 
deposited on a hybrid substrate. 


nd 


SPOT NOISE - pV/V/Hz 


= 


First and foremost, trimming on the chip eliminates the 

need for a hybrid substrate and the additional bonding wires 
that are required between the resistors and the multiplier 
chip. By trimming more appropriate resistors on the AD532 
chip itself, the second input terminals that were once 
committed to external trimming networks (e.g., AD530) have 
been freed to allow fully differential operation.at both the X 
and Y inputs. Further, the requirement for an input 
attenuator to adjust the gain at the Y input has been 
eliminated, letting the user take full advantage of the high 
input impedance properties of the input differential amplifiers. 
Thus, the AD532 offers greater flexibility for both algebraic 
computation and transducer instrumentation applications. 


Finally, provision for fine trimming the output voltage offset 
has been included. This connection is optional, however, as 
the AD532 has been factory-trimmed for total performance 
as described in the listed specifications. 


REPLACING OTHER IC MULTIPLIERS 

Existing designs using IC multipliers that require external 
trimming networks (such as the AD5 30) can be simplified 
using the pin-for-pin replaceability of the AD532 by merely 
grounding the X2, Y2 and Vo, terminals, (The Vo, terminal 
should always be grounded when unused.) 


APPLICATIONS 


MULTIPLICATION 


© Vout 


(Xq - X2) (¥1 - Y2) 
Neuve! a 2 


(OPTIONAL) 


Figure 10, Multiplier Connection 
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For operation as a multiplier, thé AD532 should be connected 

_as shown in Figure:10. The inputs can be fed differentially to 
the X and Y inputs, or single-ended by simply grounding the 
unused input. Connect the inputs according to the desired 
polarity in the output. The Z terminal is tied to the output 
to close the feedback loop around the op amp (see first page). 
The offset adjust Vos is optional and is adjusted when both 
inputs are zero volts to obtain zero out, or to buck out other 
system offsets. 


SQUARE 


AD532 


ive -Vs 
Figure 11. Squarer Connection 


The squaring circuit in Figure 11 is a simple variation of the 
multiplier. The differential input capability of the AD532 can 
be used, however, to obtain a positive or negative output 
response to the input....a useful feature for control 
applications, as it might eliminate the need for an additional 
inverter somewhere else. 


DIVISION 


Figure 12. Divider Connection 


The AD5 32 can be configured as a two-quadrant divider by 
connecting the multiplier cell in the feedback loop of the 
op amp and using the Z terminal as a signal input, as shown 
in Figure 12, It should be noted, however, that the output 
error is given approximately by 10Ve,,/(X4—X2), where €,, 
is the total error specification for the multiply mode; and 
bandwidth by fm, * (X1—X2)/10V, where f,, is the band- 
width of the multiplier. Further, to avoid positive feedback, 
the X input is restricted to negative values. Thus for single- 
ended negative inputs (OV. to -10V), connect the input to X 
and the offset null to X2; for single-ended positive inputs 
(OV to +10V), connect the input to X2 and the offset null 
to-X 4. For optimum performance, gain (S.F.) and offset (Xg) 
adjustments are recommended as shown and explained in 
Table I. 


For practical reasons, the useful range in denominator input 
is approximately 500mV <|(X1—Xz2)|<10V. The voltage 
offset adjust (V,), if used, is trimmed with Z at zero and 
(X1—Xz2) at full scale. 
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~ SQUARE ROOT 


Vout =-J 10VZ 


x 
= +Vs -Vs = 


Figure 13, Square Rooter Connection 


The connections for square root mode are shown in 
Figure 13, Similar to the divide mode, the multiplier cell is 
connected in the feedback of the op amp by connecting the 
output back to both the X and Y inputs. The diode D, is 
connected as shown to prevent latch-up as Zjn approaches 
O volts. In this case, the Vos adjustment is made with 

Zin = +0.1V dc, adjusting Vo, to obtain -1.0V dc in the 
output, Vout = — V 10VZ. For optimum performance, gain 
(S.F.) and offset (XQ) adjustments are recommended as 
shown and explained in Table I. 


DIFFERENCE OF SQUARES 


AD741KH 


+Vs -Vs 
5 


Figure 14. Differential of Squares Connection 


The differential input capability of the AD532 allows for the 
algebraic solution of several interesting functions, such as 

the difference of squares, X2—Y2/10V. As shown in Figure 14, 
the AD532 is configured in the square mode, with a simple 
unity gain inverter connected between one of the signal 
inputs (Y) and one of the inverting input terminals (—Yjn) 

of the multiplier. The inverter should use precision (0.1%) 
resistors or be otherwise trimmed for unity gain for best 
accuracy. 


TABLE I : 
ADJUST PROCEDURE (Divider or Square Rooter) 


DIVIDER SQUARE ROOTER 
With: Adjust for: With: Adjust for: 
Adjust X Z Vout Z Vout 
Scale Factor —10V +10V  +10V +10V —10V 
Xo (Offset) —1V  +0.1V  +10V +0.1V —1V 


Repeat if required. 
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Low Cost Ic 


Multiplier Divider Squarer, Square Rooter 


FEATURES 

Low Cost 

Simplicity of Operation: Only 
Four External Adjustments 

Max 4-Quadrant Error Below 0.5% 
(AD533L) 

Low Temperature Drift: 0.01%/°C 
(AD533L) 

Multiplies, Divides, Squares, Square Roots 


PRODUCT DESCRIPTION 

The Analog Devices AD533 is a low cost integrated circuit 
multiplier comprised of a transconductance multiplying 
element, stable reference, and output amplifier on a mono- 
lithic silicon chip. Specified accuracy is easily achieved by the 
straight-forward adjustment of feedthrough, output zero, 

and gain trim pots. The AD533 multiplies in four quadrants 
with a transfer function of XY/10V, divides in two quadrants 
with a 10VZ/X transfer function, and square roots in one 
quadrant with a transfer function of — ~/10VZ. Several levels 
of accuracy are provided: the AD533J, AD533K, and 
AD533L, for 0 to +70°C operation, are specified for 
maximum multiplying errors of 2%, 1%, and 0.5% respectively 
at +25°C. The AD533S, for operation from -5 5°C to +125°C, 
is guaranteed for a maximum 1% multiplying error at +25°C. 
The maximum error specification is a true measure of overall 
accuracy since it includes the effects of offset voltage, feed- 
through, scale factor, and nonlinearity in all four quadrants. 


The low drift design of the AD533 insures that high accuracy 
is maintained with variations in temperature. The op amp 
output provides +10 volts at 5mA, and is fully protected 
against short circuits to ground or either supply voltage: all 
inputs are fully protected against over-voltage transients with 
internal series resistors. The devices provide excellent ac 
performance, with typical small signal bandwidth of 1.0MHz, 
full power bandwidth of 750kHz, and slew rate of 45V/ys. 


AD533 PIN CONFIGURATIONS 


AD533D 


~XiN NC NC NC. -Vs5 ouT Zw 


AD533H 


TO-100 TO-116 
TOP VIEW TOP VIEW 


The low cost and simplicity of operation of the AD533 make 
it especially well suited for use in such widespread applications 
as modulation and demodulation, automatic gain control and 
phase detection. Other applications include frequency 
discrimination, rms computation, peak detection, voltage 
controlled oscillators and filters, function generation, and 
power measurements. 


All models are available in the hermetically sealed TO-100 
metal can and TO-116 ceramic DIP packages. 
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SPECIFICATIONS (typical @ +25°C, externally trimmed and Vs = +15V dc unless otherwise specified) 


PARAMETER CONDITIONS AD533J AD533K AD533L AD533S 
ABSOLUTE MAX RATINGS 
Internal Power Dissipation 500mW 7 : : 
Input Voltage’ 
Xin. Yin» Zins Xo. Yo. Zo tVs : i . 
Rated Operating Temp Range 0 to +70°C , * -55°C to +125°C 
Storage Temp Range -65°C to +150°C 7 : 7 
Output Short Circuit To Ground Indefinite : : i 
MULTIPLIER SPECIFICATIONS 
Transfer Function XY/10V . , ‘ 
Untrimmed XY/6V max [XY/10V min] = * * : 
Total Error (of full scale) +2.0% max +1.0% max +0.5% max +1.0% max 
TA = min to max +3.0% +2.0% +1.0% +1.5% 
vs. Temperature TA = min to max +0.04%/°C +0.03%/°C +0.01%/°C- +0.01%/°C 
Nonlinearity 
X Input Vx = Vo = 20V(p-p) +0.8% +0.5% ais 
Y Input Vy = Vo = 20V(p-p) +0.3% £0.2% sas = 
Feedthrough 
X Input Vx = 20V(p-p), Vy = 0, 
f = 50Hz ~-150mV(p-p) max 200mV(p-p) max 50mV(p-p) max 100mV (p-p) max 
Y Input Vy = 20V(p-p), Vx = 0, ; 
f = SOHz 200mV(p-p) max 150mV(p-p) max 5OmV(p-p) max 100mV (p-p) max 
DIVIDER SPECIFICATIONS 
Transfer Function - 10VZ/X . . . . 
Untrimmed 10VZ/X max [6VZ/X min] * bd : 
Total Error (of full scale) Vy, =-10V dc, V,=+10V dc +1.0% +0.5% : t0.2% +0.5% 
V, =-1V de, V,=+10Vdce 3.0% +2.0% +1.5% ; +2.0% 
SQUARER SPECIFICATIONS 
Transfer Function X7/10V ; . 
Untrimmed X?/6V max [X?/10V min] : ee i 
Total Error (of full scale) +0.8% +0.4% +0.2% +0.4% 
SQUARE ROOTER SPECIFICATIONS 
Transfer Function -v 10VZ : : - 
‘ Untrimmed -V 10VZ max [-V6VZmin] * * bd 
Total Error (of full scale) +0.8% t0.4% +0.2% 0.4% 
INPUT SPECIFICATIONS 
Input Resistance 
X Input 10MQ . 
Y Input 6MQ % * * 
Z Input 36kQ : bd od 
Input Bias Current 
X, Y Inputs 3A 7.5uA max 5uA max 7.5UA max 
Z Input +25pA * * * 
X, Y Inputs TA = min to max 12uA 10uA 7uUA 7pA 
Z Input TA = min to max +35pA , be i 
Input Voltage TA = min to max 
Vx, Vy, Vz For Rated Accuracy +10V : : af 
DYNAMIC SPECIFICATIONS 
Small Signal, Unity Gain 1.0MHz . : = 
Full Power Bandwidth 750kHz a4 re . 
Slew Rate 45V/ps ‘ . i 
Small Signal Amplitude Error 1% at 75kHz 7 , 7 
Sm Sig 1% Vector Error 0.5° phase shift 5kHz x4 . 7 
Settling Time +10V step lus to 2% . : * 
Overload Recovery 2us to 2% - . * 
OUTPUT AMPLIFIER SPECIFICATIONS 
Output Impedance — 100Q : . . 
Output Voltage Swing TA = min to max 
Ry 2 2kQ, Cy, < 1000pF +10V min . : 7 
Output Noise f = 5Hz to 10kHz 0.6mV(rms) . is * 
f = 5Hz to SMHz 3.0mV(rms) : : 
Output Offset Voltage Trimmable To Zero * = . 
vs. Temperature TA = min to max 0.7mV/°C e 4 : 
POWER SUPPLY SPECIFICATIONS 
Supply Voltage Rated Performance t15V . " 
Operating +15V to t18V +10V to +18V +10V to +18V t10V to t22V 
Supply Current Quiescent t6mA max - a i 
Power Supply Variation Includes Effects of 
Recommended Null Pots 
Multiplier Accuracy +0.5%/% * 4 : 
Output Offset +10mV/% : 7 i 
Scale Factor +0.1%/% sf 7 . 
Feedthrough +10mV/% . . 2 


1 Max input voltage is zero when supplies are turned off. 
*Specifications same as AD533J. 
**Specifications same as AD533K. 


Specifications subject to change without notice. 
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MULTIPLIER 

Multiplier operation is accomplished by closing the loop 
around the internal op amp with the Z input connected to 

the output. The Xo null pot balances the X input channel 

to minimize Y feedthrough and similarly the Yo pot minimizes 
the X feedthrough. The Zo pot nulls the output op amp offset 
voltage and the gain pot sets the full scale output level. 


+15V -15V 
20 


(210v)0 
(210V) 


TRIM PROCEDURES 


1. With X = Y = 0 volts, adjust Zo for OV dc output. 

2. With Y = 20 volts p-p (at f = 50Hz) and X = OV, adjust Xo for 
minimum ac output. 

3. With X = 20 volts p-p (at f = 50Hz) and Y = OV, adjust Yq for 
minimum ac output. 

4. Readjust Zo for OV dc output. 

5. With X = +10V dc and Y = 20 volts p-p (at f = 50Hz), adjust gain 
for output = Yin. 

NOTE: For best accuracy over limited voltage ranges (e.g., +5V), gain 

and feedthrough adjustments should be optimized with the inputs in 

the desired range, as linearity is considerably better over smaller ranges 

of input. 


SQUARER 

Squarer operation is a special case of multiplier operation 
where the X and Y inputs are connected together and two 
quadrant operation results since the output is always 
positive. When the X and Y inputs are connected together, a 
composite offset results which is the algebraic sum of the 
individual offsets which can be nulled using the Xg pot alone. 


TRIM PROCEDURES 

1. With X = 0 volts, adjust Zg for OV dc output. 

2. With X = +10V dc, adjust gain for +10V dc output. 

3. Reverse polarity of X input and adjust XQ to reduce the output 
error to % its original value, readjust the gain to take out the 
remaining error. 

4, Check the output offset with input grounded. If nonzero, repeat 
the above procedure until no errors remain. 


Applying the AD533 


DIVIDER 

The divide mode utilizes the multiplier in a fed-back 
configuration where the Y input now controls the feedback 
factor. With X = full scale, the gain (V9/Z) becomes unity 
after trimming. Reducing the X input reduces the feedback 
around the op amp by a like amount, thereby increasing the 
gain. This reciprocal relationship forms the basis of the divide 
mode. Accuracy and: bandwidth decrease as the denom- 
inator decreases. 


(210 V) Zo 
{0 TO-10V) Xo 


(£10V) 


TRIM PROCEDURES 


1. Set all pots at mid-scale. . a 

2. With Z = OV, trim Zp to hold the output constant, as X is varied 
from -10V dc through -1V dc. 

. With Z = OV,X = -10V dc, trim Yq for OV dc. 

. With Z = X or -X, trim Xqg for the minimum worst-case variations 
as X is varied from -10V dc to -1V de. 

. Repeat steps 2 and 3 if step 4 required a large initial adjustment. 

6. With Z = X or -X, trim the gain for the closest average approach 

to t10V dc output as X is varied from -10V dc to -3V de. 


pw 


wn 


SQUARE ROOTER 


This mode is also a fed-back configuration with both the X 
and Y inputs tied to the op amp output through an external 
diode to prevent latchup. Accuracy, noise and frequency 
response are proportional to W/Z, which implies a wider 
usable dynamic range than the divide mode. 


+15V -15V 


SQUARE ROOTER 


zo 
(0 TO+10V) 


= -V10VZ 


Vo 
9(0 TO -10V) 


TRIM PROCEDURES 

. With Z = +0.1V de, adjust Zp for Output = -1.0V dc. 

. With Z = +10.0V dc, adjust gain for Output = -10.0V dc. 

. With Z = +2.0V dc, adjust Xg for Output = -4.47 +0.1V dc. 
. Repeat steps 2 and 3, if necessary. Repeat step 1. 


wd = 
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SATURATED 
OUTPUT SWING 


MAX X OR Y INPUT 
FOR 1% LINEARITY 


crea 


a a ee 
See 
ee 


et TU | A PA 
BLD IZal 


PEAK SIGNAL VOLTAGE ¢ Volts | 


10 12 14 16 18 20 0 1 1 10M 
POWER SUPPLY VOLTAGE ¢ Volts FREQUENCY — Hz 
Allowable Signal Swing vs. Supply Voltage Feedthrough vs. Frequency 


PHASE — Degrees 
RELATIVE AMPLITUDE — dB 
‘ 

3 


RELATIVE AMPLITUDE — dB 


-20 


Ack 10M 
FREQUENCY — Hz PEEREGUENGYE aa. : 
Closed Loop Frequency and Phase Response Divide Mode Frequency Response 
ORDERING GUIDE 
MULT. ERROR ORDER PACKAGE 
MODEL (Max @ +25°C) TEMP. RANGE NUMBER ___ OPTIONS! 
AD533J +2.0% 0 to +70°C AD533JH TO-100 
. AD533JD _TO-116 Style (D14A) 
AD533K +1.0% 0 to +70°C AD533KH  TO-100 
ADS33KD  TO-116 Style (D14A) 
AD533L +0.5% 0 to +70°C ADS533LH  TO-100 
.AD533LD 1TO-116 Style (D14A) 
AD533S +1,0% -55°C to +125°C ADS533SH  TO-100 


AD533SD —_- TO-116 Style (D14A) 


See Section 20 for package outline information. 
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ANALOG 
DEVICES 


ts! 
a 


Internally Trimmed — 
Precision IC Multiplier 


FEATURES 

Pretrimmed to +0.25% max 4-Quadrant Error (AD534L) 

All Inputs (X, Y and Z) Differential, High Impedance for 
[(X, -X. (¥,-¥,)/10V] +Z, Transfer Function 

Scale-Factor Adjustable to Provide up to X100 Gain 

Low Noise Design: 90UV rms, 10Hz-10kHz 

Low Cost, Monolithic Construction 

Excellent Long Term Stability 


APPLICATIONS 

High Quality Analog Signal Processing 

Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Wideband, High-Crest rms-to-dc Conversion 
Accurate Voltage Controlled Oscillators and Filters 


PRODUCT DESCRIPTION | 
The AD534 is a monolithic laser trimmed four-quadrant multi- 
plier divider having accuracy specifications previously found 
only in expensive hybrid or modular products. A maximum 
multiplication error of 0.25% is guaranteed for the AD534L 
without any external trimming. Excellent supply rejection, low 
temperature coefficients and long term stability of the on-chip 
thin film resistors and buried zener reference preserve accuracy 
even under adverse conditions of use. It is the first multiplier 
to offer fully differential, high impedance operation on all in- 
puts, including the Z-input, a feature which greatly increases 
its flexibility and ease of use. The scale factor is pretrimmed 
to the standard value of 10.00V; by means of an external resis- 
tor, this can be reduced to values as low as 3V. 


The wide spectrum of applications and the availability of sev- 
eral grades commend this multiplier as the first choice for all 
new designs. The AD534J (+1% max error), AD534K (40.5% 
max) and AD534L (40.25% max) are specified for operation 


over the 0 to +70°C temperature range. The AD534S (+1% max) 


and AD534T (40.5% max) are specified over the extended 
temperature range, -55°C to +125°C. All grades are available 
in hermetically sealed TO-100 metal cans and TO-116 ceramic 
DIP packages. : 


AD534 PIN CONFIGURATIONS 


+Vs NC OUT Z1 22 NC -Vs 


14413 «12 «11 #10 «9 8 
1 2 


4 5 6 7 
CJT Cy Cy Co 
SF NC Y1 Y2 


3 
-= 
x1 X20 ONC 


TOP VIEW 


PROVIDES GAIN WITH LOW NOISE 

The AD5 34 is the first general purpose multiplier capable of 
providing gains up to X100, frequently eliminating the need 

for separate instrumentation amplifiers to precondition the 
inputs. The AD534 can be very effectively employed as a 
variable gain differential input amplifier with high common 
mode rejection. The gain option is available in all modes, and: 
will be found to simplify the implementation of many function- 
fitting algorithms such as those used to generate sine and tan- 
gent. The utility of this feature is enhanced by the inherent low 
noise of the AD534: 90uV, rms (depending on the gain), a 
factor of 10 lower than previous monolithic multipliers. Drift 
and feedthrough are also substantially reduced over earlier 
designs. 


UNPRECEDENTED FLEXIBILITY 

The precise calibration and differential Z-input provide a 
degree of flexibility found in no other currently available mul- 
tiplier. Standard MDSSR functions (multiplication, division, 
squaring, square-rooting) are easily implemented while the 
restriction to particular input/output polarities imposed by 
earlier designs has been eliminated. Signals may be summed in- 
to the output, with or without gain and with either a positive 
or negative sense. Many new modes based on implicit-function 
synthesis have been made possible, usually requiring only ex- 
ternal passive components. The output can be in the form of a 
current, if desired, facilitating such operations as integration. 
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SPECIFICATIONS. open 


= 15V, Ry = 2k, unless otherwise stated) 


te 
were 
“e 


: AD534S AD534T 
PARAMETER CONDITIONS AD534J ADS34K AD534L (AD534S/883B)' (ADS34T/883B)' 
MULTIPLIER PERFORMANCE 

Transfer Function © 12 a) +Z, ° : as = 
Total Error? -10V © X, Y<+10V +1.0% max t0.5% max 40.25% max . ? 
Ta = min to max 
Vy = $14V to t16V +1.5% £1.0% +0.5% +2.0% max +1.0% max 
vs. Temperature +0.022%/°C +0.015%/°C +0.008%/°C +0.02%/°C max +0.01%/°C max 
Scale Factor Error - SF = 10.00V nominal? +0.25% +0.1% “ . “s 
Temperature-Coefficient of 
Scaling-Voltage Ta = min to max +0.02%/°C +0.01%/°C +0.005%/°C : +0.005%/°C max 
Supply Rejection tVy =(15V)t1V +0.01% , ir . 7 
Nonlinearity, X X = 20V pk-pk 
y=1t10V 40.4% +0.2% (0.3% max) +0.1% (0.12% max) *: oe 
Nonlinearity, Y Y = 20V pk-pk 
X= +10V +0.01% £0.01%(+0.1% max) +0.005% (£0.1% max) * is 
Feedthrough* , X Y nulled 
X = 20V pk-pk 50Hz +0.3% £0.15% (0.3% max) +£0.05% (0.12% max) * bad 
Feedthrough*, Y X nulled 
Y = 20V pk-pk 50Hz £0.01% £0.01% (£0.1% max) +0.003% (40.1% max) * ies 
Output Offset Voltage, tSmV (+30mV max) t2mV (415mV max) +2mV(+10mV max) * es 
Drift Ta = min to max 200uV/°C 100uV/°C - 500uV/°C max 300uV/°C max 
DYNAMICS 
Small-Signal BW VouT = 0.1V rms 1MHz . . . . 
1% Amplitude Error CLoApD = 1000pF 50kHz a be * ‘ 
Slew Rate Vout 20V pk-pk 20V/us . * * ms 
Settling Time to +1% AVout = 20V 2us as * * * 
NOISE 
Noise Spectral-Density SF = 10V 0.8uV/A/ Hz . ‘s * . 
SF = 3V (Note 5) 0.4uVA/Hz x . : ‘ 
Wideband Noise f = 10Hz to SMHz 1imV rms . * . : 
f = 10Hz to 10kHz 90LV rms ° * . , 
= f = 10Hz to 10kHz, 
SF = 3V (Note 5) 60uV rms © . i > 
OUTPUT : 
Output Voltage Swing Ta = min to max +11V min 5 x - * 
Output Impedance Unity-Gain, f < 1kHz 0.12 . . . ™ 
Maximum Output Current Ry, =0, Ta = min to max 30mA ; : : . 
Amplifier Open-Loop Gain f = 50Hz 70dB : - id 
INPUT AMPLIFIERS (X, Y and Z)® 
Signal Voltage Range Rated Accuracy 
(Diff. or CM) +10V : : : 
Operating (Diff.) +12V a bg . 
Offset Voltage, X, Y +5mV (+20mV max) +2mV (t10mV max) °° 7 al 
Drift Ta = min to max 100uV/°C 50uv/°C sad . 150nV/°C 
Offset Voltage, Z : £5mV (430mV max) +2mV (+15mV max) +2mV(+10mV max) * ry 
Drift Ta = min to max 200uV/°C 100uV/°C +s 500uV/°C max 300uV/°C max 
CMRR (xX, Y, Z) 50Hz, 20V pk-pk | 80dB (60dB min) 90dB (70dB min) i 7 me 
Bias Current Diff. Input = 0 0.8uA (2uA max) : : . - 
Offset Current Diff. Input = 0 0.1uA bd 0.05uA (0.2uA max) * - 
Differential Resistance 10MQ x of : Z 
DIVIDER PERFORMANCE’ 
Transfer Function X; > X2 10V ay +Y, : * : : 
Total Error? X=10V nee 
-10VSZ <+10V 40.75% 40.35% +0.2% ™ a 
X=1V 
-1VSZ<&+1V +2.0% +1.0% +0.8% . my. 
0.1V<&X€10V 
(Note 8) -10V <Z €+10V 2.5% £1.0% 0.8% * oe 
SQUARER PERFORMANCE 2 
Transfer Function ay +2, ° ° . ‘ 
Total Error? -10V<X <+10V 0.6% +0.3% £0.2% : i 
SQUARE-ROOTER PERFORMANCE’ 
Transfer Function Z, <Z2 V 10V(Z2 -Z,) + X2 i : : ; 
Total Error? 1V<Z<10V £1.0% 0.5% +0.25% d =s 
POWER SUPPLY SPECIFICATIONS 
Supply Voltage Rated Performance t15V m : . : ° 
Operating +8V to t18V $ . +8Vtot22V = t8V to t22V 
Supply Current Quiescent 4mA (6mA max) bs ‘ 
PACKAGE OPTIONS? 
H: TO-100 Package AD534JH AD534KH AD534LH AD534SH AD534TH 
D: TO-116 Package (D14A) AD534JD AD534KD AD534LD AD534SD ADS34TD 


NOTES 
*Specifications same as AD534J. 


' 


**Specifications same as AD534K. 

'The AD534S and ADS534T are available fully processed to MIL-STD-883 Class B. 
2 Figures given are percent of full-scale, + 10V (i.e., 0.01% = 1mV). 

® May be reduced down to 3V using external resistor between -Vs and SF. 
“Irreducible component due to nonlinearity: excludes effect of offsets. 

5 Using external resistor adjusted to give SF = 3V. 
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* See Functional Block Diagram, Figure 1, for definition of sections. 

7 The ADS35 is a functional equivalent to the AD5 34, has guaranteed performance 
in the divider and square rooter modes and is recommended for such applications. 

® With external Z-offset adjustment, Z < +X. 

* See Section 20 for package outline information. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 
AD534J, K, L AD534S, T 


Supply Voltage +18V +22V 
Internal Power Dissipation 500mW od 

Output Short-Circuit to Ground Indefinite * 

Input Voltages, X X2 Y1 Y2 Z1 Z2 IVs “ * : 
Rated Operating Temperature Range Oto +70 C -55 C to 

+125 C 

Storage Temperature Range -65°C to +150°C * 

Lead Temperature, 60s soldering +300°C . 


*Same as AD534J specs. 


OPTIONAL TRIMMING CONFIGURATION 


+Vo5 


10k ___ TO APPROPRIATE: 


INPUT TERMINAL 


FUNCTIONAL DESCRIPTION 


Figure 1 is a functional block diagram of the AD534. Inputs 
are converted to differential currents by three identical voltage- 
to-current converters, each trimmed for zero offset. The prod- 
uct of the X and Y currents is generated by a multiplier cell 


using 
Zener 


Gilbert’s translinear technique. An on-chip “Buried 
”” provides a highly stable reference, which is laser trim- . 


med to provide an overall scale factor of 10V. The differ- _ 
ence between XY/SF and Z is then applied to the high gain 
output amplifier. This permits various closed loop configura- 
tions and dramatically reduces nonlinearities due to the input 
amplifiers, a dominant source of distortion in earlier designs. - 
The effectiveness of the new scheme can be judged from the 
fact that under typical conditions as a multiplier the nonlinear- 
ity on the Y input, with X at full scale (+10V), is +0,005% of 
F.S.; even at its worst point, which occurs when X = +6.4V, 

it is typically only +0.05% of F.S. Nonlinearity for signals - 
applied to the X input, on the other hand, is determined al- 
most entirely by the inultiplier element and is parabolic in 


form. 


This error is a major factor in determining the overall 


accuracy of the unit and hence is closely related to the 
device grade. 


STABLE 
REFERENCE 
AND BIAS 


TRANSFER FUNCTION 


Vo ca | Xie XgNYa- Ye) yo | 
Ce) [ SF (Z1 - 22) 


| TRANSLINEAR 
MULTIPLIER 
ELEMENT 


O OUT 


HIGH GAIN 
OUTPUT 
AMPLIFIER 


0.75 ATTEN 


Figure 1. AD534 Functional Block Diagram 
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The generalized transfer finciion for the ADS534 i is given by: 


(X, -X2)(¥1 - Y2) 
Vout = scar ae 1-22) 


A= open loop gain of output amplifier, ey piealy 
70dB at de 


where 


X, Y, Z = input voltages (full scale = 


+1.25SF) 


+SF, peak= 


SF = scale factor, pretrimmed to 10, OOV but 
adjustable by the user down to 3V:" 
In most cases the open loop gain can be regarded as infinite, 
and SF will be 10V. The operation performed by the AD534, 
can then be described in terms of equation: 


(Xq -X2)(Yy-Y2)= 10V(Zy -Z>) 


The user may adjust SF for values between 10.00V and 3V by 
connecting an external resistor in series with a potentiometer 
between SF and -Vs. The approximate value of the total resist- 
ance for a given value of SF is given by the relationship: 


SF 
10 - SF 


Due to device tolerances, allowance should be made to vary 
Ror by 25% using the potentiometer. Considerable reduction 
in bias currents, noise and drift can be achieved by decreasing 
SF. This has the overall effect of increasing signal gain with- 
out the customary increase in noise. Note that the peak input 
signal is always limited to 1.25SF (i.e., £5V for SF = 4V) so the 
overall transfer function will show a maximum gain of 1.25. 
The performance with small input signals, however, is improved 
by using a lower SF since the dynamic range of the inputs is 
now fully utilized. Bandwidth is unaffected by the use of this 
option. 


RgF = 5:4K 


Supply voltages of +15V are generally assumed. However, satis- 
factory operation is possible down to +8V (see curve 1). Since . 
all inputs maintain a constant peak input capability of £1.25SF 
some feedback attenuation will be necessary to achieve output 
voltage swings in excess of $12V when using higher supply 
voltages. 


OPERATION AS A MULTIPLIER 
Figure 2 shows the basic connection for multiplication. Note 
that the circuit will meet all specifications without trimming. 


xX INPUT 
t10V FS 
£12V PK 


OUTPUT, £12V PK 


= (Xa X2N¥a-¥2) y 2, 
10V 


OPTIONAL SUMMING 
INPUT, Z, £10V PK 


Vv INPUT 
£10V FS 
£12V PK 


Figure 2. Basic Multiplier Connection 
In some cases the user may wish to reduce ac feedthrough to 
a minimum (as in a suppressed carrier modulator) by applying 
an external trim voltage (t30mV range required) to the X or Y 
input (see Optional Trimming Configuration, previous page). 
Curve 4 shows the typical ac feedthrough with this adjustment 
mode. Note that the Y input is a factor of 10 lower than the X 
input and should be used in applications where null suppres- 
sion is critical. 
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The high impedance Z,, terminal of the AD534 may be used to 
sum an additional Signal into the output. In this mode the output 
amplifier behaves as a voltage follower with a 1MHz small signal 
bandwidth and a 20V/us slew rate. This terminal should 

always be referenced to the ground point of the driven system, 
particularly if this is remote. Likewise the differential inputs 
should be referenced to their respective ground potentials to 
realize the full accuracy of the AD5 34. 


A much lower scaling voltage can be achieved without any 
reduction of input signal range using a feedback attenuator as 
shown in Figure 3. In this example, the scale is such that 
Vout = XY, so that the circuit can exhibit a maximum gain of 


- 10. This connection results in a reduction of bandwidth to 


about 80kHz without the peaking capacitor Cp = 200pF. In 
addition, the output offset voltage is increased by a factor of 
10 making external adjustments necessary in some applications. 
Adjustment is made by connecting a 4.7MQ2 resistor between 
Z, and the slider of a pot connected across the supplies to 
provide +300mV of trim range at the output. 


Feedback attenuation also retains the capability for adding a 
signal to the output. Signals may be applied to the high imped- 


x INPUT 
t10V FS 
+12V PK 


OUTPUT, +12V PK 
= (x, -X2)(Y, -Y2) 
(SCALE = 1V) 


OPTIONAL 
PEAKING 
CAPACITOR 
Cr = 200pF 


Y INPUT 
+10V FS 
+12V PK 


Figure 3. Connections for Scale-Factor of Unity 


ance Zz terminal where they are amplified by +10 or to the 
common ground connection where they are amplified by +1. 
Input signals may also be applied to the lower end of the 10k22 
resistor, giving a gain of -9. Other values of feedback ratio, up 
to X100, can be used to combine multiplication with gain. 


Occasionally it may be desirable to convert the output to a 
current, into a load of unspecified impedance or dc level. For 
example, the function of multiplication is sometimes followed 
by integration; if the output is in the form of a current, a simple 
capacitor will provide the integration function. Figure 4 shows 
how this can be achieved. This method can also be applied in 
squaring, dividing and square rooting modes by appropriate 
choice of terminals. This technique is used in the voltage-con- 
trolled low-pass filter and the differential-input voltage-to- 
frequency converter shown in the Applications Section. 


X INPUT 
+10V FS. 
£12V PK 


CURRENT-SENSING 
RESISTOR, Rs, 2k2Q MIN 


( 

(xy -Xg¥y-¥2) . 1 | 
10V Ss | 

| 


-4- 
INTEGRATOR p70 
CAPACITOR 4 

(SEE TEXT) Ww 


Vv INPUT 
+10V F.S. 
£12V PK 


Figure 4. Conversion of Output to Current 


OPERATION AS A SQUARER 

Operation as a squarer is achieved in the same fashion as the 
multiplier except that the X and Y inputs are used in parallel. 
The differential inputs can be used to determine the output 
polarity (positive for X; = Yy and Xz = Yj, negative if either 
one of the inputs is reversed), Accuracy in the squaring mode 
is typically a factor of 2 better than in the multiplying mode, 
the largest errors occurring with small values of output for 
input below 1V. 


If the application depends on accurate operation for inputs 
that are always less than +3V, the use of a reduced value of 
SF is recommended as described in the FUNCTIONAL 
DESCRIPTION section (previous page). Alternatively, a feed- 
back attenuator may be used to raise the output level. This is 
put to use in the difference-of-squares application to compen- 
sate for the factor of 2 loss involved in generating the sum 
term (see Figure 7). 


The difference-of-squares function is also used as the basis for 
a novel rms-to-de converter shown in Figure 14. The averaging 
filter is a true integrator, and the loop seeks to zero its input. 
For this to occur, (Vin) - (Vout)” = 0 (for signals whose 
period is well below the averaging time-constant). Hence Vout 
is forced to equal the rms value of Vij. The absolute accuracy 
of this technique is very high; at medium frequencies, and for 
signals near full scale, it is determined almost entirely by the 
ratio of the resistors in the inverting amplifier. The multiplier 
scaling voltage affects only open loop gain. The data shown is 
typical of performance that can be achieved with an AD534K, 
but even using an AD534J, this technique can readily provide 
better than 1% accuracy over a wide frequency range, even for 
crest-factors in excess of 10. 


OPERATION AS A DIVIDER 

The ADS535, a pin for pin functional equivalent to the AD534, 
has guaranteed performance in the divider and square-rooter 
configurations and is recommended for such applications. 


Figure 5 shows the connection required for division. Unlike 
earlier products, the AD534 provides differential operation on 
both numerator and denominator, allowing the ratio of two 
floating variables to be generated. Further flexibility results 
from access to a high impedance summing input to Yq. As with 
all dividers based on the use of a multiplier in a feedback loop, 
the bandwidth is proportional to the denominator magnitude, 
as shown in curve 8. 


X-INPUT +15V 
(DENOMINATOR) 

+10V FS OUTPUT, #12V PK 

meVEK = 1VIZ,-Z1) ,y, 

(X, - ona) 
Z-INPUT 
(NUMERATOR) 
OPTIONAL +10V FS, +12V PK 


SUMMING INPUT 
+10V PK 


Figure 5. Basic Divider Connection . 


Without additional trimming, the accuracy of the AD534K and 
L is sufficient to maintain a 1% error over a 10V to 1V denomi- 
nator range. This range may be extended to 100:1 by simply 
reducing the X offset with an externally generated trim voltage 
(range required is +3.5mV max) applied to the unused X input 
(see Optional Trimming Configuration). To trim, apply a 

ramp of +100mV: to +V at 100Hz to both Xq and Zy, (if X2 

is used for offset adjustment, otherwise reverse the signal po- 
larity) and adjust the trim voltage to minimize the variation in 
the output. * 


Since the output will be near +10V, it should be ac-coupled for 
this adjustment. The increase in noise level and reduction in 
bandwidth preclude operation much beyond a ratio of 100 

to 1. 


As with the multiplier connection, overall gain can be intro- 
duced by inserting a simple attenuator between the output and 
Y, terminal, This option, and the differential-ratio capability - 
of the AD534 are utilized in the percentage-computer applica- 
tion shown in Figure 11. This configuration generates an out- 
put proportional to the percentage deviation of one variable 
(A) with respect to a reference variable (B),'with a scale of one 
volt per percent. 


OPERATION AS A SQUARE ROOTER 
The operation of the AD534 in the square root mode is shown 
in Figure 6. The diode prevents a latching condition which 
could occur if the input momentarily changes polarity. As 
shown, the output is always positive; it may be changed to a 
negative output by reversing the diode direction and intei- 
changing the X inputs. Since the signal input is differential, all 
combinations of input and output polarities can be realized, 
but operation is restricted to the one quadrant associated with 
each combination of inputs. 

OUTPUT, +12V PK 


= 10V(Z2 -2Z,)+X2 


REVERSE 


NEGATIVE PROVIDED) 


' 
' 
t 
' 
THIS AND X 
A INPUTS FOR use BE 
OUTPUTS H 


OPTIONAL 

SUMMING 
INPUT, X, 
+10V PK 


- Z-INPUT 
10V FS 
+ 12V PK 


-15V 


Figure 6. Square-Rooter Connection 


In contrast to earlier devices, which were intolerant of capaci- 
tive loads in the square root modes, the AD534 is stable with 
all loads up to at least 1000pF. For critical applications, a small 
adjustment to the Z input offset (see Optional Trimming Con- 
figuration) will improve accuracy for inputs below 1V. 


*See the AD535 Data Sheet for more details. 


ANALOG COMPUTATIONAL CIRCUITS VOL. I, 6-25 


Applications Section 


The versatility of the AD534 allows the creative designer to 
implement a variety of circuits such as wattmeters, frequency MODULATION 
doublers and automatic gain controls to name but a few. These ae 
applications along with many other such “‘idea stimulators” 
are described in detail in the Multiplier Application Guide, 


available upon request from Analog Devices. 
22 
CARRIER INPUT 
Ec sin wt 
v1 
; Y2 -Vs 
OUTPUT 
_ A? -B? \/ 
TOV 


THE SF PIN OR A Z-ATTENUATOR CAN BE USED TO PROVIDE OVERALL SIGNAL 
AMPLIFICATION. OPERATION FROM A SINGLE SUPPLY IS POSSIBLE; BIAS Y2 TO Vs/2. 


+15V 


OUTPUT 
E 
sit TOV Ec sin wt 


Figure 10. Linear AM Modulator 


+15V 
CONTROL INPUT, 


Ec, ZERO TO #5V Tk 


OUTPUT = (100V) a 
(1% PER VOLT) 


OUTPUT, +12V PK A INPUT 


(+) 


B INPUT 
(+Ve ONLY) 


SIGNAL INPUT, 
Es, t5V PK 
-15V 


OTHER SCALES, FROM 10% PER VOLT TO 0.1% PER VOLT CAN BE OBTAINED BY 
ALTERING THE FEEDBACK RATIO. 


NOTES: 1) GAIN IS X10 PER VOLT OF Ec, ZERO TO X50 
2) WIDEBAND (10Hz — 30kHz) OUTPUT NOISE IS 3mV RMS, TYP 
CORRESPONDING TO A F.S. S/N RATIO OF 70dB 
3) NOISE REFERRED TO SIGNAL INPUT, WITH Ec = +5V, IS 60uV RMS, TYP 


4) BANDWIDTH IS DC TO 20kHz, -3dB, INDEPENDENT OF GAIN Figure 1 | Percentage Computer 


Figure 8. Voltage-Controlled Amplifier 


OUTPUT,£5V PK 


10k OUTPUT = (10V) sin @ 


E 7 —_Y_ 
WHERE 9 ==. £8 (10V) 
: 2 10V tty 
Y 
WHER ss. 
EY" ov 


INPUT, Y 


INPUT, Eg 
£10V F.S. 


0 TO +10V 


USING CLOSE TOLERANCE RESISTORS AND ADS34L, ACCURACY OF FIT IS WITHIN 
+0.5% AT ALL POINTS. 6 IS IN RADIANS. 


Figure 9. Sine-Function Generator Figure 12. Bridge-Linearization Function 
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MATCHED TO 0.025% 


INPUT 
5V RMS FS 
2£10V PEAK 


hanbee OUTPUT 


£15V APPROX. AC RMS ‘ ; 0 TO +6V 


PINS 5, 6, 8 TO +15V 
PINS 1, 4 TO -15V 


fs Ec . as 
CONTROL INPUT, Ec aes 
100mV TO 10V = IkHz PER VOLT 
-15V WITH VALUES SHOWN 
CALIBRATION PROCEDURE: CALIBRATION PROCEDURE: 
WITH Ec = 1.0V, ADJUST POT TO SET f = 1.000kHz. WITH Ec = 8.0V, ADJUST TRIMMER WITH ‘MODE’ SWITCH IN ‘RMS + DC’ POSITION, APPLY AN INPUT OF +1.00VDC. ADJUST 
CAPACITOR TO SET f = 8,000kHz. LINEARITY WILL TYPICALLY BE WITHIN £0.1% OF ZERO UNTIL OUTPUT READS SAME AS INPUT. CHECK FOR INPUTS OF £10V; OUTPUT 
F.S. FOR ANY OTHER INPUT. SHOULD BE WITHIN 40.05% (SmV). 
DUE TO DELAYS IN THE COMPARATOR, THIS TECHNIQUE IS NOT SUITABLE FOR ACCURACY 1S MAINTAINED FROM 60Hz to 100kHz, AND 1S TYPICALLY HIGH BY 
MAXIMUM FREQUENCIES ABOVE 10kHz. FOR FREQUENCIES ABOVE 10kHz THE 0.5% AT 1MHz FOR Vin = 4V RMS (SINE, SQUARE OR TRIANGULAR WAVE). 
AD537 VOLTAGE TO FREQUENCY CONVERTER IS RECOMMENDED. PROVIDED THAT THE PEAK INPUT IS NOT EXCEEDED, CREST-FACTORS UP TO AT 
A TRIANGLE-WAVE OF +6V PK APPEARS ACROSS THE 0.01uF CAPACITOR; IF USED LEAST TEN HAVE NO APPRECIABLE EFFECT ON ACCURACY. 
AS AN OUTPUT, A VOLTAGE-FOLLOWER SHOULD BE INTERPOSED. INPUT IMPEDANCE IS ABOUT 10k; FOR HIGH (10MM) IMPEDANCE, REMOVE MODE 
SWITCH AND INPUT COUPLING COMPONENTS. 
FOR GUARANTEED SPECIFICATIONS THE AD536A AND AD636 IS OFFERED 
AS A SINGLE PACKAGE RMS-TO-DC CONVERTER. 
Figure 13. Differential-Input Voltage-to-Frequency Converter Figure 14, Wideband, High-Crest Factor, 


RMS-to-DC Converter 


Typical Performance Cur ves (typical at +25°C, with Vs = +15V dc, unless otherwise stated) 


£ 
$ 
1 
< 
w $ NSN 
Hass 
2 
g F 
SERRE 
5 ¢ 
E a 
ae 
- ee, SCALING VOLTAGE = 3V 
POSITIVE OR NEGATIVE SUPPLY — Volts 
TEMPERATURE — °C 
Curve 1. Input/Output Signal Range Vs. Supply Voltages Curve 2. Bias Currents Vs. Temperature (X, Y or Z inputs) 
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CONDITIONS: 
10H2 -- 10kHz BANOWIOTH 


CMRR - dB 
OUTPUT NOISE VOLTAGE — Microvolts rms 


FREQUENCY — Hz SCALING VOLTAGE, SF - Volts 
e 


Curve 3. Common-Mode-Rejection-Ratio Vs. Frequency Curve 6. Wideband Noise Vs. Scaling Voltage 


2 \ 
: TTL * TILE aN 
= 
a 
o ( ba 
3 10 | a \ WITH X10 NORMAL 
x 3 FEEDBACK CONNECTION 
5 ry 5 ATTENUATOR 
| 
z 1 i ae 3 N 
0.1 
FREQUENCY — Hz FREQUENO SHE 
Curve 4. AC Feedthrough Vs. Frequency Curve 7. Frequency Response as a Multiplier 


Cot [SCALING VOLTAGE = 10v VOLTAGE = 10V 


Vx = 100mV dc 
Vz = 10mV rms 


NOISE SPECTRAL DENSITY — pVA/Rz 


FREQUENCY — Hz 
FREQUENCY — Hz 


Curve 5. Noise Spectral Density Vs. Frequency Curve 8. Frequency Response Vs. Divider Denominator 
Input Voltage 
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ANALOG ree Internally Trimmed 
DEVICES ~ Integrated Circuit Divider 


FEATURES 

Pretrimmed to +0.5% max Error, 10:1 Denominator 
Range (AD535K) | AD535 PIN CONFIGURATIONS 

+2.0% max Error, 50:1 Denominator Range (AD535K) : ne 7 aie 

All Inputs (X, Y and Z) Differential 

Low Cost, Monolithic Construction 


APPLICATIONS 

General Analog Signal Processing 

Differential Ratio and Percentage Computations 
Precision AGC Loops 


+Vs NC OUT 21 bs Ne 

Ld = {ed LJ 

18°613°«120°«7 

a 2 3 4 5&5 6 7 
as = = a = = 

x1 X2 NC SF NC YI Y2 


Square-Rooting | TO-100 10-4 16 
(TOP VIEW) (TOP VIEW) 

PRODUCT DESCRIPTION | a | PRODUCT HIGHLIGHTS 
The AD535 is a monolithic laser-trimmed two-quadrant divider 1. Laser trimming at the wafer stage ne the AD535 to 
having performance specifications previously found only in ex- provide high accuracies without the addition of external. 
pensive hybrid or modular products. A maximum divider error trims (+0.5% max error over a 10:1 denominator range 
of +0.5% is guaranteed for the AD535K without any external for the AD535K). 
trimming over a denominator range of 10:1; +2.0% max error 2. Improved accuracies over a wider denominator range are 


over a range of 50:1. A maximum error of +1% over the 50:1 
denominator range is guaranteed with the addition of two ex- 
ternal trims. The AD535 is the first divider to offer fully dif- 
ferential, high impedance operation on all inputs, including the 
z-input, a feature which greatly increases its flexibility and 
ease of use. The scale factor is pretrimmed to the standard auth 
value of 10.00; by means of an external resistor, this can be 4. Monolithic construction permits low cost and, at the 
reduced by any amount down to 3. same time, increased reliability. 


The extraordinary versatility and performance of the AD535 
recommend it as the first choice in many divider and compu- 
tational applications. Typical uses include square-rooting, ratio 
computation, “‘pin-cushion” correction and AGC loops. The 
device is packaged in a hermetically sealed, 10-pin TO-100 can 
or 14-pin TO-116 DIP and made available in a +1% max error 
version (J) and a +0.5% max error version (K). Both versions 
are specified for operation over the 0 to +70 C temperature 
range. ; 


possible with only two external trims (+0.5% max error 
over a 20:1 denominator range for the AD535K). 

3. Differential inputs on the X, Y and Z input terminals 
enhance the AD535’s versatility as a generalized analog 
computational circuit. 
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SPECIFICATIONS. (Vs = +15V, Ry >2kQ, Ta = +25°C unless otherwise stated) 


PARAMETER | CONDITIONS AD535J _ AD535K 
TRANSFER FUNCTION * Figure 2 10V (22 ~ 21) +Y * 
— eee (X;-X2) 1 
TOTAL ERROR! No External Trims, Figure 2 
1V<X<10V, Z< |X| 1.0% max 0.5% max 
0.2V<X<10V, Z< 1X 5.0% max 2.0% max 
With External Trims, Figure 5 
0.5V<X <10V, Z<1X| 1.0% max 0.5% max 
0.2V<X<10V, Z<1X | 2.0% max 1.0% max 
TEMPERATURE COEFFICIENT 1VSX<10V, Z<|X | 0.01%/°C typ . 
0.5V<X<10V, Z<|X| 0.02%/°C typ . 
0.2V<X <10V, Z<|X| 0.05%/°C typ . 
SUPPLY RELATED 1V<X<10V 0.1%/V typ i 
Error 0.5V<SX<10V 0.2%/Vtyp . 
Vs = t14V to t16V 0.2V<X<10V 0.5%/V typ : 
SQUARE ROOTER No External Trims, Figure 11 
TOTAL ERROR’ 1V<Z<10V 0.4% typ . 
0.2V<Z<10V 0.7% typ ' 
NOISE? X = 0.2V, f = 10Hz to 10kHz 4.5mV rms typ ‘ 
BANDWIDTH - X=0.2V 20kHz typ ons 
INPUT AMPLIFIERS® | 
CMRR f = 50Hz, 20V p-p 60dB min 7 
Bias Current 2.0u¥A max : 
Offset Current 0.1uA typ . 
Differential Resistance | 10MQ typ i 
OUTPUT AMPLIFIER® 
Open-Loop Gain f = 50Hz 70dB typ i 
Small Signal Gain-Bandwidth VouT = 0.1V rms 1MHz typ 
1% Amplitude Error CLoAD = 1000pF 50kHz typ * 
Output Voltage Swing Trin tO: Trax +11V min ‘ 
Slew Rate VouT = 20V p-p 20V/us typ * 
Settling Time Vout = 20V 41% 2us typ ’ 
Output Impedance Unity Gain, f < 1kHz 0.192 typ 
Wide-band Noise f = 10Hz to 5MHz 1mV rms typ : 
f = 10Hz to 10kHz 90LUV rms typ : 
OUTPUT CURRENT Tmin tO Tmax, R1 =O 30mA max . 
POWER SUPPLIES | 
Rated Performance t15V . 
Operating +8V min, +18V max . 
Supply Current : Quiescent 6mA max * 
PACKAGE OPTIONS‘ | 
H: TO-100 AD535JH AD535KH 
D: TO-116 Style (D14A) AD535JD AD535KD 
NOTES: 


*Specifications same as AD535]J. 

' Figures are given as a percent of full scale (i.e. 1.0% = 100mV). 
2 Noise may be reduced as shown in Figure 14. 

3 See Figure 1 for definition of section. 

*See Section 20 for package outline information. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage +18V 

Internal Power Dissipation 500mW 

Output Short-Circuit to Ground Indefinite 

Input Voltages, X;, X2, Y1, Y2, Z1, Z2 tVo> 

Rated Operating Temp Range 0 to +70°C 
Storage Temp Range -65°C to +150°C 
Lead Temp, 60s soldering +300°C 


FUNCTIONAL DESCRIPTION 

Figure 1 is a functional block diagram of the AD535. Inputs 
are converted to differential currents by three identical voltage 
to current converters, each trimmed for zero offset. The product 
of the X and Y currents is generated by a multiplier cell using 
Gilbert’s translinear technique with an internal scaling voltage. 


The difference between XY/SF and Z is applied to the high gain 


output amplifier. The transfer function can then be expressed... 


(X, -X2) (CY; - Vout) _ 


SF (Z, -2,)| 


Vout =A | 
where A = open loop gain of output amplifier, typically 70dB 
at dc 


X, Y, Z = input voltages 
SF = scale factor, pretrimmed to 10.00V but adjustable 
by the user down to 3V. 


In most cases the open loop gain can be regarded as infinite 

and SF will be 10V. Dividing both sides of the equation by A 
and solving the VouT, we get... 
(Zz -Z1) , 


Vout = 10V (X, -X> =X) 


Y, 


STABLE 
REFERENCE 


AND BIAS Vs 
Xi ‘1 
X2 Y2 
TRANSLINEAR 
MULTIPLIER 
ELEMENT 


HIGH GAIN 
OUTPUT 
AMPLIFIER 


21 


22 


Figure 1. AD535 Functional Block Diagram 


SOURCES OF ERROR 

Divider error is specified as a percent of full scale (i.e. 10.00V) 
and consists primarily of the effects of X, Y and Z offsets and 
scale factor (which are trimmable) as shown in the generalized 
equation... 


(Zz -Z,) + Zos 


Vout = (SF + ASF) | 
(X, -X2)+Xos 


li Yi + Yos 


Note especially that divider error is inversely proportional to 

X, that is, the error increases rapidly with decreasing denomi- 
nator values. Hence, the AD535 divider error is specified over 
several denominator ranges on previous page. (See also Figure 
12, AD535 Total Error as a function of denominator values.) 


Overall accuracy of the AD535 can be significantly improved 
by nulling out X and Z offset as described in the applications 
sections. Figure 13 illustrates a factor of 2 improvement in 


accuracy with the addition of these external trims. The remain- 


ing errors stem primarily from scale factor error and Y off- 
sets which can be trimmed out as shown in Figure 6. 


Figure 14 illustrates the bandwidth and noise relationships 
versus denominator voltage. Whereas noise increases with 
decreasing denominator, bandwidth decreases, the net result 
given by the expression... 

1.26 
Xx 
10 


Enout (wideband) = mV rms 
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‘External filtering can be added to limit output voltage noise 
even further. In this case... 


Enout (B.W. externally limited) = oave mV rms 


10 
where f = bandwidth in MHz of an external filter whose band- 
width is less than the noise bandwidth of the AD535. Table 1 
provides calculated values of the typical output voltage noise, 
both filtered and unfiltered for several denominator values. 


Noise Limited by 


Noise External Filtering 
X 10Hz to 5MHz = 10Hz to 10kHz 
0.2V 8.9mV rms 4.5mV rms 
0.5V 5.6mV rms 1.8mV rms 
1V 4.0mV rms 0.9mV rms 
10V 1.3mV rms 0.09mV rms 


Table 1. AD535 Calculated Voltage Noise 


APPLICATIONS 

Figure 2 shows the standard divider connection without ex- 
ternal trims. The denominator X, is restricted to positive 
values in this configuration. X, Y and Z inputs are differential 
with high (80dB typical) CMRR permitting the application of 
differential signals on X and Z (see Figure 3). 


X INPUT O +15V 
x1 e 
X2 Vv. 
Ons O 


O Vout = 1ove 


(X MUST BE 
POSITIVE). 


ce 


Figure 2. Divider Without External Trims 


~ 10V(2Z2- 21) 
— (X41 - X2) 
X, - Xp MUST BE 
POSITIVE 


X INPUT O 


0 VouT = ive 


(X MUST BE 
NEGATIVE) 


Figure 4. Divider Connection for Negative X Inputs 
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Negative denominator inputs are handled as shown in Figure 4. 
Note that in either configuration, operation is limited to two 
quadrants (i.e. Z is bipolar, X is unipolar). 


A factor of two improvements in accuracy is possible by 
trimming the X and Z offsets as illustrated in Figure 5. To 
trim, set X to the smallest denominator value for which accu- 
rate computation is required (i.e., X = 0.2V). With Z = 0, 
adjust the Zo trim for Vout = 0. Next, adjust the Xo trim 
for the best compromise when Z = +X (Vout = +10V) and 
Z=-X (Vout = -10V). Finally, readjust Zo for the best 
compromise at Z = +X, Z = -X and Z = O. The remaining error 
(Figure 13) consists primarily of scale factor error, output 
offset and an irreducible nonlinearity component. 


+15V 


9 Vout 


Figure 5. Precision Divider Using Two Trims 


In certain applications, the user may elect to adjust SF for 
values between 10.00V and 3V by connecting an external 
resistor in series with a potentiometer between SF and -Vs. 
The approximate value oi the total resistance for a given value 
of SF is given by the relationship: 


SF 
RsF = 5.4K 10 -SF 
Due to device tolerances, allowance should be made to vary 
Rsr +25% using the potentiometer. Note that the peak signal 
is always limited to 1.25 SF (i.e. +5 V for SF = 4). 


The scale factor may also be adjusted using a feedback attenua- 


tor between Vout and Y2 as indicated in Figure 6. The input 
signal range is unaffected using this scheme. 


Scale factor and output offset error can be minimized utilizing 

the four trim circuit of Figure 6. Adjustment is as follows: 

1. Apply X = +0.2V (or the smallest required denominator 
value), Z = 0 and adjust Zo for Vout = 0. 

2. Apply X = 0.2V. Then adjust the Xo trim for the best 
compromise when Z = +X (Vout = +10V) and Z = 
-X (VouT = -10V.) 

3. Apply X = +10V, Z = 0 and adjust Yo for Vout = 0. 
Apply X = +10V. Then adjust the scale factor (SF) trim 
for the best compromise when Z = +X (Vout = +10V) 
and Z = -X (Vout = -10V). 

5. Repeat steps 1 and 2. 

Apply X = 0.2V. Then adjust the Z trim for the best 
compromise when Z = X (Vout = +10V), Z = 0 (Vout = 
0) and Z = -X (Vout = -10V). 


-15V 


Figure 6. Precision Divider with Four External Adjustments 


These trim adjustments can be made either by using two calli- 
brated voltage sources and a DVM, or by using a differential 
scope, a low frequency generator, a voltage source and a 
precision attenuator. As shown in Figure 7, the differential 
scope subtracts the expected ideal output and thus displays 


; X 
only errors. Set the attenuation to Tov: 


CALIBRATED 
VOLTAGE 
SOURCE 


DIVIDER 
UNDER 
TEST 


CALIBRATED 
VOLTAGE 
SOURCE 


LOW FREQUENCY 
GENERATOR 


DIVIDER 
UNDER 
TEST 


VARIABLE 
VOLTAGE 
SOURCE 


Figure 7. Alternate Trim Adjustment Set-Up 


PIN-CUSHION CORRECTION 
A pin-cushion corrector eliminates the distortion caused by 
flat screen CRT tubes. The correction equations are: 


VIH 
VoH = 
J Vin? + Vr? +L? 
V 
and Voy = v 


V Vin? + Viv? +L? 


where: Voy and Voy are the horizontal and vertical output 
signals, respectively. 


Vin and Vjy are the horizontal and vertical input 
signals, respectively. | 


L is the length of the CRT tube. 


In typical applications L (expressed in voltage) is roughly equal 


to full scale Vjzy or Vyy. The result is that the expression, 


V (Vip? + Viv? +L’), varies less than 2:1 over the full range 


of values of Vjyy and Viv. 


Major sources of divider error associated with small denomina- 


tor values can thereby the minimized. 


AD535 
DIVIDER 


To 
CRT 


AD534 


IN 
MULTIPLIER 
CKT 


AD534 


AD535 
SQ. ROOTER 
CIRCUIT 


IN 
MULTIPLIER 


AD580 
VOLTAGE 
REFERENCE 


Figure 8. Pin-Cushion Corrector 
Figure 9 shows an AGC loop using an AD535 divider. The 


ADS535 lends itself naturally in this application since it is con- 


figured to provide gain rather than loss. Overall gain varies 
from 1 to as the denominator is servoed to maintain VouT 
at a constant level. 


INPUT z 


AD535 
DIVIDER 


O Vout 
(CONSTANT rms) 


: AD536 
DETECTOR rms/dc 
, CONVERTER 
HIGH-GAIN 
ERROR AMPLIFIER \/ (FIXED OR 
ADJUSTABLE) 


Figure 9. AGC Loop Using the AD536 rms/dc Converter 
as a Detector — 


Figure 10 shows a method for obtaining the time average as 
defined by: . 


=. 2). ak 
X= + Jf X dt 


where T is the time interval over which the average is to be 


taken. Conventional techniques typically provide only a crude 


approximation to the true time average, and furthermore, re- 


quire a fixed time interval before the average can be taken. In 


Figure 10, the AD535 is used to divide the integrator output 
by the ramp generator output. Since the ramp is proportional 
to time, the integrator is divided by the time interval, thus 


allowing continuous, true time processing of signals over inter- 


vals varying by as much as 50:1. 
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Figure 10. Time Average Computation Circuit 


+15V 


O Vout = 10VZ 
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Figure 11. Square Rooter 
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Figure 12. AD535 Error with No External Trims 
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MAX SPEC FOR AD535K 
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Figure 13. Errors with External Trims at 25°C 
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Figure 14. -3dB Bandwidth and Noise vs. Denominator 


DEVICES 


ANALOG Wideband Low-Distortion Dual-Channel 
Two-Quadrant Log/Linear Multiplier 


ADVANCE TECHNICAL DATA 
FEATURES 
Low-Distortion Principle 
Two Independent Signal Channels 
Signal Bandwidth of 35MHz 
Linear Control BW of 5MHz 
Accurate Linear Multiplication 
Wide-Range (>100dB) Log Mode 


APPLICATIONS 

Precise AGC and VCA Systems 
Noise Reduction Systems 
Distortion Analyzers 
Wide-Range VCOs 

Video Switching & Effects 
High-Speed Analog Division 
Logarithmic Signal Compression 


PRODUCT DESCRIPTION 

The ADS539 is a wideband, low-distortion two quadrant 
multiplier intended for use in a variety of voltage-controlled 
amplifier and attenuator applications. It provides both linear 
and logarithmic control modes, with very low residual feedthrough 
of the signal. Two input channels are provided; these may be 
used independently, in which case a very high degree of channel 
isolation is maintained, or differentially, to achieve very low 
distortion and better dynamics in high-speed applications. 


The ADS539 also has applications in analog computation, and 
will be preferable to a four-quadrant multiplier in many cases, 
for example, where it is necessary to maintain low feedthrough 
of a signal when the other input is zero. It is also possible to 
operate each half of the AD5S39 as a four-quadrant multiplier if 
desired, thus providing much more bandwidth than previously 
possible from general-purpose analog multipliers. High static 
accuracy is ensured by the use of laser-trimmed thin-film 
resistors and bandgap reference generator which determine 
scaling. 


SIGNAL CHANNELS 

The input to each of the two signal channels is a voltage of 
nominally + 2V FS; the loading is approximately 350k?2 in 
parallel with 3pF. For supply voltages above the specified +5V 
larger inputs (up to +5V pk) can be tolerated with increased 
distortion. These inputs are with respect to the I/P COMM 
node (pin 7). | 


Each of the two signal outputs is a current of nominally +1mA 
FS. This mode provides the maximum possible bandwidth and 
leaves the user free to choose either simple resistive loads, in 
which case an output swing of up to 2V pk-pk can be tolerated, 
or add external op-amps to provide large output swings at low- 
impedance. In many cases, a low-cost op-amp of modest 
bandwidth can be used. To facilitate the latter mode, trimmed 


AD539 PIN CONFIGURATION 


CONT | 1 | 
COMP | 2 | 
cH1 VP [ 3 | 
+Vs 
-Vs [5 
CH2 VP [6 | 
vP COM | 7 | 


O/P COM | 8 | 


TO-116 


applications resistors are provided on the chip to set the 
nominal scaling voltage to 1V, for example, to provide an 
output of 4V when both the signal and control inputs are 2V. 


The intrinsic bandwidth of the signal channels (i.e., into low- 
impedance loads with no external active elements) is over 
35MHz (rise-time 10ns) with no slew-rate limitations. The 
distortion depends on the drive mode and the combination of 
signal- and control-level; under optimum conditions of use the 
total harmonic distortion can be maintained below 0.05%. 


LINEAR CONTROL INPUT 

The linear control input is also in the voltage-mode, although it 
presents a rather low resistance of 5002 to the source, a 
consequence of the high-speed design. The nominal full-scale 
control input is +3V, but linear gain response will continue for 
inputs up to +3.3V. Negative inputs can be accepted, but 
result in zero signal transmission. Recovery from overload or 
reverse inputs is rapid. The bandwidth of the control system is 
approximately 5MHz in the linear range. The control amplifier 
is compensated by one external capacitor which also serves to 
improve the HF response of the signal channel. This input is 
also with reference to the I/P COMM pin. 


LOGARITHMIC CONTROL 

Many signal-processing applications call for logarithmic control, 
of gain or loss. The AD539 provides this through the use of the 
+dB and —dB nodes (pins 12 & 13). The sensitivity is 
approximately 3mV/dB, and is not temperature-corrected. In 
many cases the linear control channel will not be needed in the 
logarithmic mode; in special applications, however, it can be 
combined with the logarithmic mode. For example, a linear 
perturbation of gain can be superimposed on a wide-range 
logarithmic control. As another example, a nonlinear control 
characteristic can be obtained by feeding the control signal to 
both the linear and logarithmic inputs. 
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SPECIFI CATIONS (Ty @ és 93°C and V; = +5V, unless otherwise noted) 


PARAMETER CONDITIONS ADS539 UNITS Uae 
SIGNAL INPUTS (Pins 3 & 6) | 
Nominal Full Scale Input +2 
Peak (Clipping) Input —-Vs5>7.5V +5 
Input Resistance 350 min 
Bias Current 10 
Offset Voltage 5 
LINEAR CONTROL INPUT (Pin 1) 
Nominal Full Scale Input oe + 3 
Peak (Clipping) Input + 3.3 min 
Input Resistance 500 
Offset Voltage 2 
Gain Linearity (Vx = +0.1Vto +3.0V) 0.2 
LOGARITHMIC CONTROL INPUTS (Pins 12 & 13) 
Assymptotic Sensitivity (High Attenuation) 3 
Temperature Sensitivity 0.03 
OUTPUTS (Pins 11 & 14) 
Nominal Full Scale Output Current (Vx = 3V,Vy =2V) +1 
Source Resistance 1.25 
Scaling Resistance Z1, W1 to CH1 O/P 
Z2, W2 toCH2 O/P 6.25 
Voltage Outputs, Vw) & Vw2 (Figure 2) 
Nominal Scaling Voltage | 1.00 
Accuracy 0.2 
Offset Voltage 10 max 


Total Harmonic Distortion (Figure 2 Connections) 
(Vx = OV to3V, Vy = 1Vrms, IkHz) 0.05 


Feedthrough (Vx = 0, Vy = 1V rms, 1kHz) l 
(Vx = 0, Vy = 1V rms 1MHz) 10 
(Vx = 0, Vy = 2Vrms 1kHz) 2 
(Vx = 0to03V, Vy = 0, 1MHz) 20 


DYNAMIC CHARACTERISTICS 
(Outputs Loaded Directly with 502 to ground) 


Signal Bandwidth (Vx = 3V, Vy = 1Vrms) 35 
Linear-Control Bandwidth (Vx = 1Vto2.0V, dc 
Cc = 3000F) 10 
POWER SUPPLIES . 
(Equal Positive & Negative) Range for Specified Performance 
Range for Specified Performance 4.5min 
7.5 max 
Dissipation Limited (450mW at 25°C) 16 max 
CurrentConsumption: +Vs si 8.5 
—Vs : 18.5 
TEMPERATURE RANGE 
AD539JD Oto +70 
AD539SD —55to +125 °C 
PACKAGE OPTION! | 
16—Pin Hermetic Ceramic DI16A 
TSeeSection20forpackageoutlineinformation. = =——SSsSs—S—CSs—i<=< CO Figure 4. Two Quadrant Division 
Specifications subject to change without notice. 
Pin# |©Mnemonic Function Pin# |§Mnemonic Function 
l CONT Linear-Mode CONT Input (Voltage) 9 W2 Feedback Resistor for CH2 
2 COMP HF Compensation forControl System 10 Z2 Aux. Access Resistor for CH2 
3 CH1 I/P CH1 Signal Input (Voltage) 11 CH2 O/P CH 2 Signal Output (Current) 
4 +V5 Positive Supply 12 —dB Decrementing dB Control Input 
5 —Vs Negative Supply 13 +dB Incrementing dB Control Input 
6 CH2I1/P CH2 Signal Input (Voltage) 14 CH10O/P CH] Signal Output (Current) 
7 I/P COM Analog Ground for Inputs 15 Zl Aux. Access Resistor for CH1 
8 O/P COM Analog Ground for Outputs 16 Wi Feedback Resistor for CH1 


Table 1. Pin Function Description 
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ANALOG 
DEVICES 


Accurate, Wideband, 
Multiplier, Divider, Square Rooter 


FEATURES: 

1.0%/0.5% Accuracy without 
Trimming (429A/B) 

Low Drift to 1.0mV/°C max 

Wideband — 10MHz 

0.2% Nonlinearity max (429B) 

External Amplifiers not Required 

MTBF: 169, 268 Hours 


APPLICATIONS: 

Fast Divider 

Modulation and Demodulation 
Phase Detection 
Instrumentation Calculations 
Analog Computer Functions 
Adaptive Process Control 
Trigonometric Computations 


GENERAL DESCRIPTION 

The model 429, an extremely fast multiplier/divider, should be 
considered if bandwidth, temperature coefficient, or accuracy 
are critical parameters. Based on the transconductance princi- 
ple to achieve high speed, the model 429 offers a unique com- 
bination of features, those being 2% max error (429B) and 
10MHz small signal bandwidth. 


Both models 429A and 429B are internally trimmed achieving 
max errors of 1.0% and 0.5% respectively. By fine trimming 
the offset and feedthrough with external trim potentiometers 
typical performance may be improved to 0.5% for the 429A 
and 0.2% for the 429B. 


In addition to high accuracy and high bandwidth, the model 
429 offers exceptionally good stability for changes in ambient 
temperature. Model 429B is 100% temperature tested in order 
to guarantee an overall accuracy temperature coefficient of 
only 0 04%)" C max. Additionally, offset drift is held to 

only lmV/°C max. To satisfy OEM requirements of low cost, 
the 429 uses transconductance principles with the latest design 
techniques and components to achieve guaranteed performance 
at competitive prices. 


MULTIPLICATION ACCURACY 
Multiplication accuracy is generally specified as a percentage of 
full scale output. This implies that error is independent of sig- 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 6-7. 
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nal level. However, for signal levels less than 2/3 of full scale, 
error tends to decrease roughly in proportion to the input 
signal. A good approximation of error behavior is: 


f (X, Y) =|Xle,+lYl ey, where €, and €y are the fractional 
nonlinearities specified for the X and Y inputs 


EXAMPLE: For model 429A, €x = 0.5%, €y = 0.3%, What 
maximum error can one expect forx = 5V, y = 1V, providing 
the offset is zeroed out? Can one get less by interchanging 
puts? 
1. Nominal output is XY/10 = (5)(1)/10 = 500mV 
2. Expected error is (5) (0.5%) + (1) (0.3%) = 
28mV, 5.6% of output (0.28% of F.S.) 
3, Interchanging inputs (1) (0.5%) + (5) (0.3%) = 
20mV, 4.0% of output (0.20% of F.S.) 
Compare this with the overly conservative error predicted by 
the overall 1% of full scale specification: 100mV, or 20% of 
output. 


FREQUENCY RELATED SPECIFICATIONS 

Accuracy, and its components, feedthrough, linearity, gain, 
(and phase shift) are frequency dependent. Feedthrough is 
constant up to 100kHz for the Y input, and up to 400kHz for 
the X input. Beyond these frequencies it rises at approximately 
a 6dB/octave rate due to distributed capacitive coupling. 
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SPECIFICATIONS (typical @ +25°C and +15VDC unless otherwise noted) 
MODEL: : 429A | 429B OUTLINE DIMENSIONS 
an LTIPLICATION : | Dimensions shown in inches and (mm). 
CHARACTERISTICS a 
Output Function .. XY/10 , . ergs tor: | 
Error, with Internal Trim, at +25°C +1% max +0.5% max im 
Error, with External Trim, at +25°C 40.7% £0.3% 0.62 MAX 
Avg. vs. Temp (-25°C to +85°C) +0.05%/°C +0.04%/°C max (15.7) 
Avg vs. Supply +0.05%/% i 
SCALE FACTOR Sue IRA 
Initial Error at +25°C 0.5% 0.25% [ozo 
Avg vs. Temp (-25°C to +85°C) 0.03%/°C 0.02%/°C a6) tea) 
Avg vs. Suppl ‘ 0.03%/% . F 0s oe os a 
OUTPUT OFFSET oe ee H 
Initial at +25°C (Adjustable to Zero) +20mV max +10mV max 
Avg vs. Temp (-25°C to +85°C) +2mV/°C timV/°C max Ht +> x BAL +4 
Avg vs. Supply . +1mV/% i wsimaxH td yt TT 
NONLINEARITY (38.1) a 
X Input . 
(X = 20V p-p 50Hz, Y = £10V) 0.5% max 0.2% max 
Y Input 
(Y = 20V p-p 50Hz, X = t10V) 0.3% max 0.2% max 
FEEDTHROUGH (Eee e08 
X = 0, Y = 20V p-p, 50Hz 5OmV p-p, max 20mV p-p, max T 
With External Fricn 16mV p-p 10mV p-p pois = = - 254 
Y = 0, X = 20V p-p, 50Hz 100mV p-p, max 30mV p-p, max PIN CONNECTIONS 
With External Trim 5OmV p-p 20mV p-p * : : 
SaNDWIDEH Bottom View Shown in all Figures. 
-3dB 10MHz . Optional Trim Pots 
Full Power Response 2MHz min 7 Shown are not Required 
Slew Rate 120V/us min ” 
1% Amplitude Error 300kHz min pot eated Accuracy, 
1% Vector Error (0.57°) 50kHz min . MULTIPLY MODE 
Differential Phase Shift (0, -6y) 1° @ 1MHz r 
Small Signal Rise Time 10-90% 40ns 
Settling to 1% (£10V step) _ 500ns " 
Overload Recovery 0.2us - 
OUTPUT NOISE 
5Hz to 10kHz 0.6mV rms - 
5Hz to 1OMHz 3.0mV rms . 
OUTPUT CHARACTERISTICS 
Voltage, 1k22 load +11V min : 
Current +11mA min . 
Load Capacitance 0.01uF max . 
INPUT RESISTANCE 
X Input LOkQ+5% ° 
Y Input 11k92+2% . : 
Z Input 27k2Qt10% " 
INPUT BIAS CURRENT : 
Input X, Y, Z +100nA . 
Z +20uA . 
MAXIMUM INPUT VOLTAGE 
For Rated Accuracy +10.5V . 
Maximum Safe t+16V . 
WARM UP 
To Rated Specifications | second ig ‘ 
POWER SUPPLY' ae 
Rated Performance +(14.8 to 15.3)V de ? 7 
Operating 411410 16)V de | ‘ 
Quiescent Current +12mA af 
TEMPERATURE RANGE 
Rated Performance - -25°C to +85°C 
Operating -25°C to +85°C . 
Storage -55°C to +125°C > 
MECHANICAL 
Weight 2 oz. . 
Socket AC1023 : 
Case Dimensions 1.5" x 1.5" x 0.62" : 


*Specifications same as model 429A. 
1 Recommended power supply, ADI model 904, 15V @ 50mA output. 


Specifications subject to change without notice. 
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All trim pots 20k22. 
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DEVICES 


Programmable 
Multifunction Module 


MODEL 433 | 


FEATURES 

Versatility: Provides Transfer Characteristics of Several 
Function Modules 

Divides Over a 100:1 Range With a Max Error of 
0.25% (433B) 

Internal Voltage Reference 

Hermetically Sealed Semiconductors 

No External Trims Required 

Low Cost 


APPLICATIONS 

Transducer Linearization 

Signal Processing 

Raising to Arbitrary Powers 

Vector Functions 

Trigonometric Functions (Sine, Cosine, Arctangent) 


GENERAL DESCRIPTION 
The model 433 is an extremely versatile function module 
which implements the transfer function: 


10 V m 
ey = v, (~+) ,02<m<s.o 
VREF Vy 


VREF = +9.0 Volts 


By either jumper connections on the pins, or selection of two 
external resistors the user can program the 433 to: multiply, 
divide, square, square root, root of a ratio, square of a ratio, or 
raise voltage ratios to an arbitrary power, m. 


When used with a low cost op amp, such as AD741, the model 
433 may be used to compute the true rms value of a varying 
signal. With two such op amps, the 433 can be used to perform 


accurate vector computations over wide ranges of the vector sum. 


Due to its log/antilog circuit approach, signal levels of 100mV 
to 10V may be processed with a maximum output error of 
0.25% F.S. (433B). The allowable input range for the three in- 
put variables is 0.01 to +10V, for which there is a typical error 
of t5mV +0.3% of the theoretical output voltage for model 
433J, and timV +0.15% for 433B. 


Because of its small size, accuracy, versatility, and speed (and 
all at low cost), the model 433 will prove to be an essential 
component in equipment requiring/on-the-spot computations 
in real time, or for linearizing a wide range of transducer char- 
acteristics in medical, industrial, and process control equip- 
ment. Designed with the OEM’s needs in mind, the model 433 
is attractively priced for new equipment designs. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 6-11. 


MODEL 433 FUNCTIONAL BLOCK DIAGRAM 
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PRINCIPLE OF OPERATION 

The model 433 is comprised of log and antilog circuits inter- 
connected as shown in the Functional Block Diagram. The log 
ratio circuit provides the log of V,/V, to terminals A, B, C 
where, for exponents other than unity, it is scaled by two ex- 
ternal programming resistors (see hook-up diagrams for con- 
nection and values of these two resistors). The scaled log ratio 
from terminal C is subtracted from a signal proportional to 
the log of Vy. The resulting expression is operated on by the 
antilog circuit, yielding an output of 


O V 
ey = oo Vy ( ee 
VREF Vy 


m 
) ’ VREF = +9.0 Volts 


The voltage reference circuit is a high stability (0.005%/°C) 
voltage source which is generated internally. It is provided as 
an output terminal for user convenience, and may be used as 
a constant at any of the input terminals. 


ONE-QUADRANT DIVIDER 

When connected as a divider, the model 433B has less than 4% 
output error over an input signal range of 100:1. This perform- 
ance is obtained with no external trims, and is nearly twenty 
times better than that attainable with a 0.1% multiplier/divider 
connected in a feedback loop. 
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SPECIFICATIONS (typical @ - and +15V unless otherwise noted) 


Model | 4338p 433B 


; =a —< 
Transfer Function i oeg, eke Vy ( Va ) P 


Reference Terminal Voltage! 


Vrer (Internal Source) +9.0V 15% @ ImA | : 
vs Temp. Rated +0.005%/°C " 
Rated Output! +10.5V@5mA,min_- ‘ 
Input 
Signal Range 0 <Vx, Vy, Vz <+10V, ? 
Max Safe Input Vx, Vy, Vz St18V : 
Resistance 
X Terminal 100kQ2 +1% * 
Y Terminal 90k +10% * 
Z Terminal 100kQ +1% * 
External Adjustment of the 
Exponent, m R> 
Range for m <1 (Root) 1/5 <m <1, m = ———_ * 
R, + R2 
Rj + R2 
Range for m > 1 (Power) 1 <m<5,m= ear ae : 
2 
(Ry + R2) <2002 . 
Accuracy (Divide Mode, m = 1, Vy = Veer)” 3 ‘ 


Total Output Error @ +25°C 
(for specified input range) 
Typical (RTO) 


t5mV +0.3% of output 't1mV +0.15% of output 


Max Error (RTO) +50mV +25mV 
Input Range (Vz S Vx) 0.01V to 10V, V, . 
0.1V to 10V, Vx . 
Over Specified Temp. Range +1% +1% max 
Output Offset Voltage 
(Not Adjustable) 
Initial @ +25°C | +5mV +2mV max 
Offset vs Temp. timv/°C +1mV/°C max 
Noise, 10Hz to 1kHz . 
Vx =+10V 100LV rms ij 
Vx =+0.1V 500uUV rms . 
Bandwidth, Vy, Vz 
Small Signal (-3dB), 10% 
of dc Level Vy or Vz . 
Vy = Vz = Vx = 10V 100kHz * 
Vy =V, = Vx =1V 20kHz ‘ 
Vy = Vz = Vx =0.1V 1kHz * 
Vy = Vz = Vx = 0.01V 400Hz . 
Full Output (Vy or V, = 5V dc, (Vx) x (SkHz) * 
t5V ac) 
Power Supply Range 
Rated Performance +15V dc @ 10mA i 
Operating #(12 to 18)Vdce | ’ 
Temperature Range 
Rated Performance 0 to +70°C -25°C to +85°C 


Storage -55°C to +125°C -55°C to +125°C 
Mechanical 

Case Size 1.5 x 1.5" x 0.62” * 

Mating Socket AC1038 


*Same specifications as 433]. 

1 Terminals short circuit protected to ground. 

? Accuracy is specified in divide mode. Input range is 10mV to 10V 
for specified accuracy when connected as a multiplier. 

> Error is defined as the difference between the measured output and 
the theoretical output for any given pair of specified input voltages. 

Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 
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(2.5) 
Mating Socket AC1038 


WIRING CONNECTIONS 
Bottom View Shown in All Cases 


DIVIDE MODE (m = 1, Vy=VREF) 


POWERS m 27 1 


m= (R,+R,)/R, R 


ROOTS m <1 


m=R,/(R, + R,) 
(R, +R,) < 2002 


e 3, 


ANALOG 6-Decade, High Accuracy and 7 
DEVICES Wideband Log, Antilog Amplifiers 


MODELS 755N, 755P, 759N, 759P 


FEATURES 
High Accuracy: Models 755N, 755P 
Wideband: Models 759N, 759P 
Complete Log/Antilog Amplifiers: External Components Not 
Required 
Temperature-Compensated Internal Reference 
6 Decades Current Operation: 1nA to ImA 
1% max Error: 1nA to 1mA (755) 
20nA to 200A (759) 
4 Decades Voltage Operation: 1mV to 10V 
1% max Error: 1mV to 10V (755) 
ImV to 2V (759) | Kae OY SCOR IEU RIM 


. ” ” ” 
Small Size: 1 1 Xx 1 1 X 0.4 *POSITIVE INPUT SIGNALS, AS SHOWN; USE MODEL 759N 
NEGATIVE INPUT SIGNALS, USE MODEL 759P 


MODELS 755, 759 FUNCTIONAL BLOCK DIAGRAM 


755,759 


GENERAL DESCRIPTION The models 755 and 759 are ideally suited as an alternative 
The models 755N, 755P and 759N, 759P are low cost dc to in-house designs of OEM applications. Advanced design 
logarithmic amplifiers offering conformance to ideal log opera- techniques and superior performance place the 755 and 759 
tion over 6 decades of current (1nA to 1mA) and 4 decades ' ahead of competitive designs in terms of price, performance 
of voltage (ImV to 10V). For high accuracy requirements, and package design. 

models 755N, 755P offer maximum nonconformity of 0.5%, 

from 10nA to ImA, and 1mV to 1V. For wideband applica- APPLICATIONS: . . 
tions, the models 759N, 759P provide fast response (300kHz When connected in the current or voltage logging configura- 
@ Isjq = 104A to 1mA) and feature maximum nonconformity tion, as shown in Figure 1, the models 755 and 759 may be 
of 1% from 20nA to 200pA, and 1lmV to 2V. The models used in several key applications. A plot of input current 
755N and 759N compute the log of positive (+) input signals, versus output voltage is also presented to illustrate the log 
while the models 755P, 759P compute the log of negative (-) amplifier’s transfer characteristics. 

signals. | 


Designed for ease of use, the models 755N/P and 759N/P are 
complete, temperature compensated log/antilog amplifiers 
packaged in a compact epoxy-encapsulated module. External 
components are not required for logging currents over the 
complete 6 decade range of 1uA to 1mA. Both the scale factor 
(K=2, 1, or 2/3 volt/decade) and log/antilog operation are 
selected by simple pin connection. In addition, both the in- 
ternal 10uA reference current as well as the offset voltage may 
be externally adjusted to improve overall accuracy. 


OUTPUT VOLTS 


——_—_—_» 
+ INPUT CURRENT (AMPS), LOG SCALE 


Figure 1. Transfer Function 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 8-7. 
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SPECIFICATIONS ( e @ +25°C and +15V dc unless otherwise noted) 


MODEL 755N/P 759N/P 
TRANSFER FUNCTIONS ! ; 
Current Mode : fo = -Klogio si 
REF 
E e 
Voltage Mode fo = ~Klogig oe 
REF 
Antilog Mode ee Esc 10-( “sc ) - = 
TRANSFER FUNCTION PARAMETERS 
Scale Factor (K) Selections! 2 2, 1, 2/3 Volt/Decade * 
Error @ +25°C +1% max . 
vs. Temperature (0 to +70°C) +0.04%/°C max . 
Reference Voltage (Eppr)’ 0.1V ° 
Error @ +25°C 3% max +4% max 
vs. Temperature (0 to +70°C) +0.1%/C max +0.05%/°C 
Reference Current (Ipep ? 10pA ° 
Error @ +25°C +3% max : 
vs. Temperature (0 to +70°C) £0.1%/°C max 
MAXIMUM LOG CONFORMITY ERROR 
Igig RANGE Esig RANGE RTI RTO (K=1) RTI RTO (K=1) 
1nA to 10nA - £1% t4.3mV £5% +21mV 
10nA to 20nA = t0.5% +2.17mV +2% £8.64mV 
20nA to 100NA ImV to 1V t0.5% +2.17mV 1% t4.3mV 
100UA to 200NA 1V to 2V 1% t4.3mV t1% £4.3mV 
200uA to lmA 2V to 10V 1% t4.3mV 2% +8.64mV 
INPUT SPECIFICATIONS 
Current Signal Range 
Model 755N, 759N +1nA to +1mA min : 
Model 755P, 759P -1InA to-1mA min * 
Max Safe Input Current +10mA max " 
Bias Current @ +25°C (0, +) 10pA max (0, +) 200pA max 
vs. Temperature (0 to +70°C) x2/+10°C * 
Voltage Signal Range (Log Mode) 
Model 755N, 759N +1mV to +10V min * 
Model 755P, 759P -ImV to -10V min * 
Voltage Signal Range, Antilog Mode Esic ° 
Model 755N, 755P 268A S2 
Offset Voltage @ +25°C (Adjustable to 0) © +400uV max +2mV max 
vs. Temperature (0 to +70°C) t15uvVPC max +10uV/°C 
vs. Supply Voltage t15uV/% . 
FREQUENCY RESPONSE, Sinewave 
Small Signal Bandwidth, -3dB ; 
lig = 1nA 80Hz 250Hz 
lig = WA 10kHz 100kHz 
Isig = 10MA 40k Hz 200kHz 
kig = ImA 100kHz 200kHz 
RISE TIME 
Increasing Input Current 
10nA to 100nA 100ps 20us 
100nA to 1A 7s 3s 
lpA to lmA 4us 2.5 us 
Decreasing Input Current 
1mA to lypA 7s 3us 
1lpA to 100nA 30us 10us 
100nA to 10nA 400us 80yus 
INPUT NOISE 
Voltage, 10Hz to 10kHz 2uV rms 10uV rms 
Current, 10Hz to 10kHz 2pA rms 10pA rms 
OUTPUT SPECIFICATIONS? 
Rated Output 
Voltage +10V min . 
Current 
Log Mode t5mA 
Antilog Mode t4mA 
Resistance 0.52 
POWER SUPPLY“ 
Rated Performance £15Vde . 
Operating £(12 to 18)Vde bg 
Current, Quiescent t7mA t4mA 
TEMPERATURE RANGE 
Rated Performance 0 to +70°C . 
Operating -25°C to +85°C : 
Storage -55°C to +125°C ° 
CASE SIZE* (W x L x H) 1.5" 1.5" xu.4" 1.125" x 1.125" x 0.4” 
(38 x 38 x 10.4) (29 x 29 x 10.4) 


* Use terminal 1 for K = 1V/decade; terminal 2 for K = 2V/decade; terminals 1 or 2 
(shorted together) for K = 2/3V/decade. 

2 Specification is + for models 755N, 759N; - for 755P, 759P. 

® No damage due to any pin being shorted to ground. 

“Recommended power supply, model 904, £15V @ +50mA output. 
Case size in inches (mm). 

*Specifications same as 755N/P. 

Specifications subject to change without notice. 
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OUTLINE DIMENSIONS: 


Dimensions shown in inches and (mm). 
co w S| 


755,759 0.41 MAX 
(10.4) 


0.2 TO 0.25 | 


(5 TO 6.4) 0.04 DIA (1.02) 
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M 
BOTTOM VIEW | | 0.1 GRID 
(2.5) 


*Optional 100k2 external trim pot. Input offset voltage may be 
adjusted to zero with trim pot connected as shown. With trim 
terminal 9 left open, input offset voltage will be +0.4mV (755) 
or t2mV (759) maximum. 


MATING SOCKET AC1016 


OUTPUT VOLTS 


-10°5* 10-7 -10°9g 


K = -2 


MODEL 755P, 759P 0 MODEL 755N, 759N 
-INPUT CURRENT a +INPUT CURRENT 
ip eS 
LOG OF CURRENT 


Plot of Output Voltage vs Input Current 
for Model 755 Connected in the Log Mode 
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MODEL 755P, 759P MODEL 755N, 759N 
-INPUT VOLTS +INPUT VOLTS 
——____. a 


LOG OF VOLTAGE 


Plot of Output Voltage vs Input Voltage 
for Models 755, 759 Connected in the Log Mode 


Figure 2. Transfer Curves 
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6-Decade. High | Accuracy : 
Log Ratio Amplifiers 
MODEL 757N, 75/P 


FEATURES | 

6 Decade Operation — 1nA to 1mA 
1/2% Log Conformity — 10nA to 100uA 
Symmetrical FET Inputs 

Voltage or Current Operation 
Temperature Compensated 


APPLICATIONS 

Absorbence Measurements 

Log Ratios of Voltages or Currents 
Data Compression 

Transducer Linearization 


GENERAL DESCRIPTION 

Model 757 is a complete, temperature compensated, dc-coupled 
log ratio amplifier. It is comprised of two input channels for 
processing signals spanning up to 6 decades in dynamic range 
(1nA to 1mA). By virtue of its symmetrical FET input stages, 
the 757 can accommodate this 6 decade signal range at either 
channel. Log conformity is maintained to within 1/2% over 4 
decades of input (10nA to 100A) and to within 1% over the 
full input range. Unlike other log ratio designs, model 757 
does not restrict the relative magnitude of the two signal inputs 
to achieve rated performance. Either input can be operated 
within the specified range regardless of the signal level at the 
other channel. 


The model 757 log-ratio amplifier design makes available both 
input amplifier summing junctions. Asa result, it can directly 
interface with photo diodes operating in the short-circuit cur- 
rent mode without the need of additional input circuitry. 


The excellent performance of model 757 can be further im- 
proved by means of external scale factor and output offset 
adjustments. A significant feature of model 757 not found 

on competing devices is that, when the offset adjustment is 
used to establish a fixed bias at the output, the output offset 
level does not vary as a function of input signal magnitude. On 
other designs, the sensitivity of output offset to input levels 
results in output effects resembling log conformity errors. 


Model 757 can operate with either current or voltage inputs. 
Its excellent performance makes it ideally suited for log ratio 
applications such as blood analysis, chromatography, chemical 
analysis of liquids and absorbence measurements. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 8-11. 


757N, 757P FUNCTIONAL BLOCK DIAGRAM 
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*POSITIVE INPUT CURRENTS (AS SHOWN), USE 
MODEL 757N. NEGATIVE INPUT CURRENTS, (9) saab see 
USE MODEL 757P. 


com (7) 


CURRENT LOG RATIO 

Current log ratio is accomplished by model 757 when two cur- 
rents, Isic and Ipgr, are applied directly to the input terminals 
(see Functional Diagram). The two log amps process these 
signals providing voltages which are proportional to the log of 
their respective inputs. These voltages are then subtracted and 
applied to an output amplifier. The scale factor, when con- 
nected as shown, is 1V/dec, However, higher scale factors 
may be achieved by connecting external scale factor adjusting 
resistors. | 


VOLTAGE LOG RATIO 
The principle of operation for voltage log ratio is identical to 
that of current log ratio after the voltage signal has been con- 
verted to a current. To accomplish this conversion, an external 
resistor is attached from the voltage signal to the appropriate 
input current terminal of the 757. Input currents are then 
determined by: 

€1 Cos, €2 —os, 
» TREF = =—Ra 


Isic = 


fos; = Input Offset Voltage (Isjq Channel) 
€os, = Input Offset Voltage (IREF Channel) 
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757N/P 
TRANSFER FUNCTION ! 
Current Mode €g= -K logio Isic 
TREF 
(e} -€g. ) R 
Voltage Mode €9 = -K logio oe x ae 
(e2 -€gs, ) Ry 
ACCURACY 
Log Conformity? 
Isic, IREF = 10nAto 100LA +0.5%, max 
Isic. IREF = I1nAto l1mA +1%, max 
Scale Factor (1V/Dec) (+0, -2%) max 


vs. Temperature (0 to +70°C) +0.04%/°C max 


INPUT SPECIFICATIONS — Both Input Channels 


Current 
Signal Range, Rated Performance 
Model 757N +1nA to +1mA min 
Model 757P -1nA to -1mA min 
Max Safe .£10mA max 


(0, +) 10pA max 
x2/+10°C 
t+imV max 


Bias Current, @ +25°C 

vs. Temperature (0 to +70°C) 
Offset Voltage, @ +25°C 

vs. Temperature (0 to +70°C) 


Isic. Channel t25uV/°C max 
iggr Channel +25uV/°C max 
vs. Supply Voltage t5uV/% 
FREQUENCY RESPONSE, Sinewave 
Small Signal Response (-3dB) 
Signal Channel 
Isig = 1nA 250Hz 
Isic = lwA 25kHz 
Isig = 100A 40kHz 
Reference Channel 
IREF = 1nA 100Hz 
‘IREF = WA 25kHz 
IREF = 100UA 40kHz 
RISE TIME Signal Channel Reference Channel 
Increasing Input Current (IREF = 10uA) (Isic = 10uA) 
- InA to 10nA 250s 80s 
10nA to 100nA 50us 40us 
100nA to lpA 30us 30pus 
1pA to 100KNA 25us 25us 
Decreasing Input Current 
100uA to lA 25us 25s 
1A to 100nA 30us 30us 
100nA to 10nA 100us 40us 
10nA to InA 600us 70us 
INPUT NOISE 
Voltage (10Hz to 10kHz) 3uV rms 
Current (10Hz to 10kHz) 0.1pA rms 
OUTPUT SPECIFICATIONS 
Rated Output 
Voltage +10V min 
« Current +5mA min © 
Resistance 0.12 
Offset Voltage? (K = 1V/Decade) +15mV max 
vs. Temperature (0 to +70°C) +0.3mV/°C 
vs. Supply t5uV/V 
POWER SUPPLY* 
Rated Performance +15V de 
Operating +(12 to 18)V dc 
Current, Quiescent +8mA 
TEMPERATURE RANGE 
Rated Performance 0 to +70°C 
Operating -25°C to +85°C 
Storage -55°C to +125°C 
MECHANICAL 
Case Size 1.5"x 1.5" x 0.4" 
Weight 21 grams 


' For model 757N, K = +1 V/Decade and input currents must be positive. For 
model 757P, K = -1V/Decade and input currents must be negative. (Input cur- 
rents are defined as positive when flowing into the input terminals, 4 and 5. 
Refer to TRANSFER CURVES.) 

? The log conformity error is referred to input (RTI). 1% error RTI is equivalent 
to 4.3mV of error at the output for K = 1V/Dec. 

> Externally adjustable to zero. 

“ Recommended power supply: Analog Devices model 904, +15V @ 50mA. 


Specifications subject to change without notice. 
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SPECIFICATIONS | typical 125°C sane = +15V dc unless otherwise noted) 


" MODEL ~ 


OUTLINE DIMENSIONS | 


Dimensions shown in inches and (mm). 
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Log mode output voltage vs. input current for 
IReg = 10nA. 
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Figure 7. Scale Factor Adjustment 


**SEE SCALE FACTOR-OPTIONAL 
ADJUSTMENT AND TRIMS (p.3) 
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Figure 2, Output Voltage Offset Adjustments 
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Selection Guide 
RMS-to-DC Converters 


Voll VolII 

Model Characteristics Page Page 
AD536AJ/AK/AS Monolithic IC rms/dB converter. Laser-wafer-trimmed for total max error +2mV 7-7 — 

+0.2% of reading (AD536AK), sine waves at 1kHz (20kHz typ), 0 to 7V rms. 4 

Crest factor of 7 for 1% additional error. 

+3dB bandwidth 2MHz (1V<V;yS7V). Averaging time constant per UF of Cex, 

25ms/uF. Total-error tempco (+50uV +0.005% rdg)/°C max (AK). Additional 

features include dB output with 60dB range, single-or dual-supply operation, and 

low power consumption — ImA. 


AD536AJ/K are specified for 0 to +70°C, AD536AS for -55°C to +125°C. 


AD636J/K Monolithic IC rms/dB converter. Laser-wafer-trimmed for total max error +0.2mV 7-13 _ 
+0.5% of reading (AD636K), 0 to 200mV rms. Crest factor of 6 for 0.5% additional 


error. 


+3dB bandwidth 1.3MHz (200mV). Averaging time constant per uF of Cexe, 
25ms/uF. Total-error tempco (£0,.1uV +0.005% rdg/* C) max. 


Additional features include dB output with 60dB range, single-or dual-supply 
operation, and low power consumption — 1mA. 


442 A high performance true rms/dc converter featuring 8MHz bandwidth, low 7-19 7-7 
| drift to +3.5uV/°C £0.01% of reading/°C maximum, and +1% of reading error | 
to 800kHz. 
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RMS-to-DC Converters 


The devices catalogued here are high-accuracy true-rms-to-dc- 
conversion ICs. Devices of this class compute the instantane- 
ous square of the input signal, average it, and take the square 
root of the result, to provide a dc voltage that is proportional 
to the rms of the input and, in the case of the AD536A, 
AD636, an auxiliary dc voltage that is proportional t to the 
log of the rms, for dB measurements. 


Excellent pre-trimmed performance, improvable by ace 
optional trims, makes these devices ideal for all types of labo- 
ratory and OEM rms instrumentation where amplitude meas- 
urements must be made with high accuracy, independently 
of waveshape. 


An alternative to rms that ae been widely ‘ject in the past, 
principally for measurements on sine waves, is mean absolute- 
deviation, or “‘ac average.” It is performed by taking the. ab- 
solute value of (i.e., full-wave or half-wave rectifying) a 
signal, filtering it, and scaling it by the ratio of rms to m.a.d. 
for sine waves, 1.111, so that it reads correctly (for undis- 
torted sine waves). Unfortunately, this ratio varies widely as 
a function of the waveform and will give grossly incorrect 
results in many cases. The table shows a few Feprceen ete 
examples comparing rms with m.a.d. _ 


Examples of applications include noise measurement — for 
example, thermal noise, transistor noise, and switch-contact 
noise. True-rms measurement is a technique that provides 
consistent theoretically valid measurements of noise ampli- 
tude (standard deviation) from different sources having dif- 
ferent properties. 


True-rms devices are also. useful for measuring electrical sig- 
nals derived from mechanical phenomena, such as strain, stress, 
vibration, shock, expansion, bearing noise, and acoustical 


WAVEFORM 


SINE WAVE 


Vm SYMMETRICAL 
SQUARE WAVE 
OR OC 


TRIANGULAR WAVE 
OR SAWTOOTH 


GAUSSIAN NOISE 


CREST FACTOR IS 
THEORETICALLY 
UNLIMITED. q IS 

THE FRACTION OF 
TIME OURING WHICH 
GREATER PEAKS CAN 
BE EXPECTED TO 


47 


nt 
ni “DUTY CYCLE” 
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noise. The electrical signals produced by these mechanical 
actions are often noisy, non-periodic, nonsinusoidal, and 
superimposed on dc levels, and require true-rms for consistent, 


valid, accurate measurements. RMS converters are also useful 


for accurate measurements on low-repetition-rate pulse-trains 
having high crest factors (ratio of peak to rms), and for meas- 
urements of the energy content of SCR waveforms at differing 


firing angles. 


The basic approach used in these converters for computing 
the rms is to take the absolute value, square it, and divide by 
the fed-back output (using the logarithmic characteristics of 
transistor junctions), and filter the result. The resulting 
approximation 


E. - Avg Vi a V Avg. (Vin?) 


is valid if the averaging time-constant is sufficiently long 
compared with the periods of the lowest-frequency ac com- 
ponents of the signal. 


The simplest form of averaging involves a single-pole filter, 
using an external filtering capacitance. Increased values of 
capacitance for filtering will improve the accuracy for low 
frequency rms measurements and provide reduced ripple at 

the output, but at the cost of increased settling time. For 
fastest settling and minimum ripple, the data sheets show how 
an additional stage of 2-pole filtering is useful (the internal 
buffer amplifier of the AD536A and AD636 permits this 

to be accomplished without external active elements). The 
additional filtering permits improvement of settling time or 
reduction of ripple (or both) because of substantial reduction 
of Cext. 


CREST 
FACTOR 


V2 = 1.414 


V3 = 1.732 


ae 
Va 


= 
OMAN — 


PERFORMANCE SPECIFICATIONS 

Considerable information regarding rms-to-dc converter cir- 
cuit design, performance, selection, and applications is to be 
found in the NONLINEAR CIRCUITS HANDBOOK.! In ad- 
dition, useful applications information on auxiliary filtering 
can be found in the article “Measure RMS with Less Ripple 

in Less Time,” and a discussion of the design of the AD536A 
can be found in the 1976 IEEE International Solid-State Cir- 
cuits Conference Digest of Technical Papers, page 10. 


The most-salient feature of a true rms-to-de converter is that 
it ideally has no error due to an indirect approximation to 
the rms. Static errors are due only to scale-factor, linearity, 
and offset errors; dynamic errors are due to insufficient av- 
eraging time at the low end and finite bandwidth and slewing 
rate at the upper end. Linearity errors affect crest factor in 
midband. Dynamic errors are also a function of signal ampli- 
tude, due in part to the variation of bandwidth of the “log”’ 
transistors with signal level. 


Total Error A specification for quick reference, this is the 
maximum deviation of the dc component of the output volt- 
age from the theoretical output value over a specified range 
of signal amplitude and frequency. It is shown as the sum of 
a fixed error and a component proportional to the theoreti- 
cal output (% of reading”’). It is specified for a sinusoidal 
input in a given frequency and amplitude range. The fixed 
error-component includes all offset errors and irreducible » 
nonlinearities; the %-of-reading component includes the linear 
scale-factor error. 


Total Error, external trim (adjustment) is the amount by 
which the output may differ from the theoretical value when 
the output offset and scale factor have been trimmed. Note 
that the fixed error-component cannot be reduced to zero, 
even though the output offset can be nulled at zero input. 
This is because of residual input offsets and inherent non- 
linearities in the converter. 


Total Error vs. Temperature is the average change of %-of-full- 


‘Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976, 
536pp, edited by D. H. Sheingold, $5.95; send check or complete 
MasterCard data to P.O. Box 796, Norwood MA 02062 

? ANALOG DIALOGUE 9-3, 1975, pp 21-22 


scale error component plus the average change of percent of 
reading error component per degree Celsius, over the rated 
temperature range. | 


Frequency for 1%-of-Reading Error is the minimum value of 
frequency (at the high end) at which the error increases from 


the midband value by 1% of reading. It is a function of peak- 


to-peak input amplitude. 


Frequency for +3dB Reading Error is the minimum value of 
frequency (at the high end) at which the error may equal 


30% of reading. It is a function of amplitude. 


Crest Factor (a property of the signal) is the ratio of peak 
signal voltage to the ideal value of rms; the specified value of 
crest factor is that for which the error is maintained within 
specified limits at a given rms level for a worst-case — 
rectangular pulse — input signal. 


Filter Time Constant and External Capacitor: The time con- 
stant of the internal averaging filter, and the increase of time 
constant per UF of added external capacitance. 


Input: The voltage range over which specified operation is 
obtained, the maximum voltage for which the unit operates, 
the maximum safe input voltage, and the effective input 
resistance. 


Output: The maximum output range for rated performance, 
the minimum current guaranteed available at full-scale output 
voltage, and the source resistance of the output circuit. 


Power Supply: Power-supply range for specified performance, 
power-supply range for operation, and quiescent current 
drain. Note that the AD536 can be operated from single or 
dual supplies. 


Temperature Range: The range of temperature variation for 
operation within specifications. Temperature coefficients are 
determined by three-point measurements (Ty — 25°C), 
(25°C — T,), when measured. 
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FEATURES 
True rms-to-dce Conversion 
Laser-Trimmed to High Accuracy 
0.2% max Error (AD536AK) 
0.5% max Error (AD536AJ) 
Wide Response Capability: 
Computes rms of ac and dc Signals 
300kHz Bandwidth: V,m,> 100mV 
2MHz Bandwidth: V,m; >1V 
Signal Crest Factor of 7 for 1% Error 
dB Output with 60dB Range 
Low Power: 1mA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
-55°C to +125°C Operation (AD536AS) 
Low Cost 


PRODUCT DESCRIPTION 

The AD536A is a complete monolithic integrated circuit which 
performs true rms-to-de conversion. It offers performance 
which is comparable or superior to that of hybrid or modular 
units costing much more. The AD536A directly computes the 
true rms value of any complex input waveform containing ac 
and dc components. It has a crest factor compensation scheme 
which allows measurements with 1% error at crest factors up 
to 7. The wide bandwidth of the device extends the measure- 
ment capability to 300kHz with 3dB error for signal levels 
above 100mV. 


An important feature of the AD536A not previously available 
in rms converters is an auxiliary dB output. The logarithm of 
the rms output signal is brought out to a separate pin to allow 
the dB conversion, with a useful dynamic range of 60dB. Using 
an externally supplied reference current, the OdB level can be 
conveniently set by the user to correspond to any input level 
from 0.1 to 2 volts rms. 


The ADS536A is laser trimmed at the wafer level for input and 
output offset, positive and negative waveform symmetry (dc 
reversal), and full scale accuracy. As a result, no external 
trims are required to achieve the rated accuracy of the unit. 


There is full protection for both inputs and outputs. The input 
circuitry can take overload voltages well beyond the supply 
levels..Loss of supply voltage with inputs connected will not 
cause unit failure. The output is short-circuit protected. 


The AD536A is available in two accuracy grades (J, K) for 
commercial temperature range (0 to +70°C) applications, and 
one grade (S) rated for the full -55°C to +125°C military 
range. The AD536AK offers a maximum total error of +2mV 
+0.2% of reading and the AD536AJ and AD536AS have maxi- 
mum errors of +5mV +0.5% of reading. 
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Integrated Circuit 
True rms-to-de Converter 


AD536A 


AD536A FUNCTIONAL BLOCK DIAGRAMS 
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TO-116 
TOP VIEW 


PRODUCT HIGHLIGHTS 
1. 


The AD536A computes the true root-mean-square level of | 
a complex ac (or ac plus dc) input signal and gives an equiv- 
alent dc output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since 
it relates directly to the power of the signal. The rms value 
of a statistical signal also relates to its standard deviation. 


. The crest factor of a waveform is the ratio of the peak 


signal swing to the rms value. The crest factor compensa- 


tion scheme of the AD536A allows measurement of highly 
complex signals with wide dynamic range. 


. The only external component required to perform meas- 


urements to the fully specified accuracy is the capacitor 
which sets the averaging period. The value of this capaci- 
tor determines the low frequency ac accuracy, ripple 
level and settling time. 


. The AD536A will operate equally well from split supplies or 


a single supply with total supply levels from 5 to 36 volts. 
The one milliampere quiescent supply current makes the 
device well-suited for a wide variety of remote controllers 
and battery powered instruments. 


. The AD536A directly replaces the AD536, and provides 


improved bandwidth and temperature drift specifications. 
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SPECIFICATIONS (typical @si6c and “BV dc unless otherwise noted) 


MODEL ned AD536AJ AD536AK | AD536AS 
TRANSFER EQUATION Vout = Vavg. (Vin)? 7: : 
CONVERSION ACCURACY 
Total Error, Internal Trim’ (Fig. 1) +5mV +0.5% of Reading, max +2mV +0.2% of Reading, max ‘ P 
vs. Temperature, Tmin to +70°C +(0.1mV +0.01% Reading)/°C max  +(0.05mV +0.005% of Reading)/°C max +(0.1mV +0.005% of Reading)/C max: 
~  +#70°C to +125°C = - +(0.3mV +0.005% of Reading)/°C max 
vs. Supply Voltage +(0.1mV 0.01% Reading)/V . . 
dc Reversal Error +0.3% of Reading - x 
Total Error, External Trim! (Fig. 2) +3mV +0.3 of Reading +2mV +0.1% of Reading 7 
ERROR vs CREST FACTOR? 
Crest Factor 1 to 2 Specified Accuracy * . 
_ Crest Factor = 3 -0.1% of Reading - 
Crest Factor = 7 -1% of Reading ‘g ; a 


FREQUENCY RESPONSE? 
Bandwidth for 1% additional error (0.1dB) 


10mV < Vij <100mV 6kHz : : 
100mMV<Vjn <1V 40kHz bs is 
1V<Vin <7V 100kHz _ . 
+3dB Bandwidth 
10mV<Vin<100mV 50kHz * : . 
100mV<Vin<1V_ 300kHz 
1V<Vin <7V 2MHz . 
AVERAGING TIME CONSTANT (Fig. 5) 25ms/uF Cay i . 
INPUT CHARACTERISTICS | 
Signal Range, +15V Supply +20V Peak . i 
Signal Range, +5V Supply +5V Peak : - 
Safe Input, All Supply Voltages +25V max . i 
Input Resistance 16.7kQ +25% ig is 
Input Offset Voltage +2mV max +1mV max ™ 
OUTPUT CHARACTERISTICS 
Offset Voltage +2mV max +1mV max ‘a ; 
vs. Temperature +0.1mV/°C ‘ +0.2mV/°C max 
vs. Supply Voltage +0.1mV/V ss +0.2mV/V max 
Voltage Swing, +15V Supplies 0 to +10V min i i 
+5V Supply 0 to +2V min . - 
Output Current (+5mA, -130uA) min i . 
Short Circuit Current +20mA _ : 
Resistance 0.52 max : 56 
dB OUTPUT (Fig. 10) 
Error, Vin 7mV to 7V rms, OdB = 1V rms +0.5dB +0.2dB i ‘ 
Scale Factor -3mV/dB * 5 
* x 


Scale Factor TC (Uncompensated, see Fig. 10 -0.3% Reading/°C (-0.03dB/°C) 
for Temperature Compensation) 


IREF for OdB = 1V rms : 20uUA (5uA min, 80uA max) . . 
IREF Range 1uA to 100NA bi - 
lout TERMINAL : 
IouT Scale Factor _ 40uA/Volt rms i > 
Iout Scale Factor Tolerance _  £25% 7 . 
Output Resistance "1082 ; . 
Voltage Compliance -Vs to (+Vs -2.5V) . a 
BUFFER AMPLIFIER . 
Input and Output Voltage Range -Vs to (+Vs -2.5V)min am . 
Input Offset Voltage, Rg = 25k +4mV max : 2 
Input Current 100nA typ, 300nA max : a 
Input Resistance 10°Q i“ ‘ 
Output Current (5mA, -130pA) min * . 
Short Circuit Current +20mA . ss 
Small Signal Bandwidth 1MHz ? "i 
Slew Rate* 5V/us * a 
POWER SUPPLY 
Voltage, Rated Performance 
Dual Supply +3.0V to +18V 4 i 
Single Supply +5V to +36V . . 
Quiescent Current 
Total Vs 5V to 36V, Tmin to Tmax 2mA max (1mA typ) - . 
TEMPERATURE RANGE : 
Rated Performance 0 to +70°C . -55°C to +125°C 
Storage -55°C to +150°C | . i 
PACKAGE OPTIONS® 
“H”’ Package: TO-100 AD536AJH AD536AKH AD536ASH 
“D” Package: TO-116 Style (D14A) AD536AJD - AD536AKD AD536ASD 


’ Accuracy is specified for 0 to 7V rms, dc or 1kHz sinewave input with 
the AD536A connected as in the figure referenced. 

2 Error vs crest factor is specified as an additional error for 1V rms 
rectangular pulse input, pulse width = 200us. 

5 Input voltages are expressed in volts rms, and error is percent of reading. 

“With 2k external pulldown resistor. 5 

5 See Section 20 for package outline information. 


*Specifications same as AD536AJ. 
Specifications subject to change without notice. 
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STANDARD CONNECTION | ‘ 
The AD536A is simple to connect for the majority of high 
accuracy rms measurements, requiring only an external capac- 
itor to set the averaging time constant. The standard connec- 
tion is shown in Figure 1. In this configuration, the AD536A 
will measure the rms of the ac and dc level present at the 
input, but will show an error for low frequency inputs as a 
function of the filter capacitor, Cay, as shown in Figure 5. 
Thus, if a 4uF capacitor is used, the additional average error 
at 10Hz will be 0.1%, at 3Hz it will be 1%. The accuracy at 
higher frequencies will be according to specification. If it is 
desired to reject the dc input, a capacitor is added in series with 
with the input, as shown in Figure 3; the capacitor must be 
non-polar. If the AD536A is driven with power supplies with 
a considerable amount of high frequency ripple, it is advisable 
to bypass both supplies to ground with 0.1uF ceramic discs as 
near the device as possible. | 


The input and output signal ranges are a function of the sup- 
ply voltages; these ranges are shown in Figure 14, The AD536A 
can also be used in an unbuffered voltage output mode by dis- 
connecting the input to the buffer. The output then appears 
unbuffered across the 25k resistor. The buffer amplifier can 
then be used for other purposes. Further the AD536A can be 
used in a current output mode by disconnecting the 25k resis- 
tor from ground. The output current is available at pin 8 (pin 
10 on the “‘H”’ package) with a nominal scale of 40uA per volt 
rms input, positive out. : 


ABSOLUTE 


VALUE 


CURRENT 
ha 
SQUARER i 


DIVIDER 


Figure 1. Standard rms Connection 


OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 

If it is desired to improve the accuracy of the AD536A, the 
external trims shown in Figure 2 can be added. Rg is used to 
trim the offset. Note that the offset trim circuit adds 249QQ in 
series with the internal 25kQ2 resistor. This will cause a 1% 
increase in scale factor, which is trimmed out by using R, 

as shown. 


The trimming procedure is as follows: | 

1. Ground the input signal, Vjn, and adjust Rg to give zero 
volts output from pin 6. Alternatively, R4 can be adjusted to 
give the correct output with the lowest expected value of Vyn. 
2. Connect the desired full scale input level to Vin, either 

dc or a calibrated ac signal (1kHz is the optimum frequency); 
then trim R; to give the correct output from pin 6, i.e., 
1.000V dc input should give 1.000V dc output. Of course, a 
+1.000V peak-to-peak sinewave should give a 0.707V dc output. 
The remaining errors, as given in the specifications, are due to 
the nonlinearity. | : 


ADS36A 


The major advantage of external trimming is to optimize 
device performance for a reduced signal range; the AD536A 
is internally trimmed for a 7V rms full scale range. 
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Figure 2. Optional External Gain and Output Offset: Trims 


SINGLE SUPPLY CONNECTION 

The applications in Figures 1 and 2 require the use of approx- 
imately symmetrical dual supplies. The AD536A can also be 
used with only a single positive supply down to +5 volts, as 
shown in Figure 3. The major limitation of this connection is 
that only ac signals can be measured since the differential in- 
put stage must be biased off ground for proper operation. 
This biasing is done at pin 10; thus it is critical that no 
extraneous signals be coupled into this point. Biasing can be 
accomplished by using a resistive divider between +Vs and 
ground. The values of the resistors can be increased in the 
interest of lowered power consumption, since only 5 micro- 
amps of current flows into pin 10 (pin 2 on the ‘“‘H”’ package). 
AC input coupling requires only capacitor C, as shown; a dc 
return is not necessary as it is provided internally. C, is selected 
for the proper low frequency break point with the input resist- 
ance of 16.7kQ2; for a cut-off at 10Hz, C,. should be 1yF. The 
signal ranges in this connection are slightly more restricted 
than in the dual supply connection. The input and output sig- 
nal ranges are shown in Figure 14. The load resistor, Ry, is 
necessary to provide output sink current. 


10k to 1k \/ 


Figure 3. Single Supply Connection 
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CHOOSING THE AVERAGING TIME CONSTANT 
The AD536A will compute the rms of both ac:and dc signals. 


_ If the input is a slowly-varying dc, the output of the AD536A 
will track the input exactly. At higher frequencies, the average 


output of the AD536A will approach the rms value of the in- 
put signal. The actual output of the AD536A will differ from 
the ideal output by an average (or dc) error and some amount 
of ripple, as demonstrated in Figure 4. 


Eo 


AVERAGE ERROR = 

Eo — Eo (IDEAL) 

~ PN. AVERAGE Eo=Eo 
DOUBLE—FREQUENCY 

RIPPLE 


TIME 
Figure 4. Typical Output Waveform for Sinusoidal Input 


The dc error is dependent on the input signal frequency and 
the value of Cay. Figure 5 can be used to determine the mini- 


mum value of Cay which will yield 1% or 0.1% de error above 


a given frequency. For example, if a 60Hz waveform is to be 


measured with a dc error of less than 0.1%, Cay must be greater 


than 0.65uF. If a 1% error can be tolerated, the minimum 
value of Cay is 0.22uF. 


The ac component of the output signal is the ripple. There are 
two ways to reduce the ripple. The first method involves using 


a large value of Cay. Since the ripple is inversely proportional 


to Cay, a tenfold increase in this capacitance will effect a ten- 
fold reduction in ripple. When measuring waveforms with high 


crest factors, (such as low duty cycle pulse trains), the aver- 


aging time constant should be at least ten times the signal peri- 


od. For example, a 100Hz pulse rate requires a 100ms time 
constant, which corresponds to a 4uF capacitor (time con- 
stant = 25ms per UF). 


The primary disadvantage in using a large Cay to remove rip- 
ple is that the settling time for a step change in input level is 


increased proportionately. Figure 5 shows that the relationship 


between Cay and settling time is 100 milliseconds for each 
microfarad of Cay. The settling time is twice as great for de- 
creasing Signals as for increasing signals (the values in Figure 5 
are for decreasing signals). Settling time also increases for low 
signal levels, as shown in Figure 6. 
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Figure 5. Lower Frequency for Stated % of Reading Error 
and Settling Time for Circuit Shown in Figure 1 
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Figure 6. Settling Time vs Input Level 
A better method for reducing output ripple is the use of a 
“post-filter”’. Figure 7 shows a suggested circuit. If a single- 
pole filter is used (C3 removed, Rx shorted), and C, is approx- 
imately twice the value of Cay, the ripple is reduced as shown 
in Figure 8, and settling time is increased. For example, with 
Cay = luF and Cy =2.2uF, the ripple for a 60Hz input is re- 
duced from 10% of reading to approximately 0.3% of reading. 
The settling time, however, is increased by approximately a 
factor of 3. The values of Cay and C, can therefore be reduced 
to permit faster settling times while still providing substantial 
ripple reduction. 


The two-pole post-filter uses an active filter stage to provide 
even greater ripple reduction without substantially increasing 
the settling times over a circuit with a one-pole filter. The 
values of Cay, C2, and C3 can then be reduced to allow ex- 
tremely fast settling times for a constant amount of ripple. 
Caution should be exercised in choosing the value of Cay, 
since the dc error is dependent upon this value and is inde- 
pendent of the post filter: 
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Figure 7. 2 Pole “Post” Filter 
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Figure 8. Performance Features of Various Filter Types 


AD536A PRINCIPLE OF OPERATION 

The AD536A embodies an implicit solution of the rms equa- 
tion that overcomes the dynamic range as well as other limi- 
tations inherent in a straight-forward computation of rms. 
The actual computation performed by the AD536A follows 
the equation: : 


Figure 9 is a simplified schematic of the AD536A,; it is sub- 
divided into four major sections: absolute value circuit (ac- 
tive rectifier), squarer/divider, current mirror, and buffer am- 
plifier. The input voltage, Vinx, which can be ac or dc, is con- 
verted to a unipolar current I,, by the active rectifier A;, A. 
I, drives one input of the squarer/divider, which has the 
transfer function: 

Iq = I, A I3 


The output current, I4, of the squarer/divider drives the cur- 
rent mirror through a low pass filter formed by R, and the 
externally connected capacitor, Cay. If the Ri, Cay time 
constant is much greater than the longest period of the input 
signal, then Iq is effectively averaged. The current mirror re- 
turns a current I3, which equals Avg. [I4], back to the squarer/ 
divider to complete the implicit rms computation. Thus: 


Iq = Avg. (1, 7/la] = I, rms 


The current mirror also produces the output current, Iny7; 
which equals 214. Igy7 can be used directly or converted to 
a voltage with Rz and buffered by Ag to provide a low im- 
pedance voltage output. The transfer function of the AD536A 
thus results: 


Vout = 2R2 lms = Vin ms 


The dB output is derived from the emitter of Q3, since the 
voltage at this point is proportional to -log Vyy. Emitter fol- 
lower, Qs, buffers and level shifts this voltage, so that the 
dB output voltage is zero when the externally supplied 
emitter current (IpgF) to Qs approximates I3. 
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Figure 9. Simplified Schematic 
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CONNECTIONS FOR dB. OPERATION * ae 

A powerful feature added to the. ADS36A, which is not avail 
able in any other computing rms circuit, is the logarithmic 

or decibel output. The internal circuit which computes dB 

is very accurate and works.well over a 60dB range. The 
connection for dB measurements is shown in Figure 10, The 
user selects the OdB level by setting Rj for the proper 0dB 
reference current (which is set to exactly cancel the log out- 
put current from the squarer-divider at the desired OdB | 
point). The external op amp is used to provide a more con- 
venient scale and to allow compensation of the 0. 3%/°C 
temperature drift of the dB circuit. The special T.C. resistor, 
R3, is available from Tel Labs, Londonderry, NH, type number 
Q-81. The linear rms output is available at pin 8 with an out- 
put impedance of 25kQ; thus some applications may require 
an additional buffer amplifier if this output is desired. 


dB Calibration: 


1, Set Vin = 1.00V dc | 
- 2. Adjust R,; for dB out = 0.00V 
4. Adjust R2 for dB out = -2.00V 
Any other desired OdB reference level can be used by set- 
ting Vj, and adjusting R, accordingly. Note that adjusting 
R2 for the proper. gain aueoinaneay gives the correct tem- 
perature compensation. 
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Figure 10. dB Connection 


FREQUENCY RESPONSE 

The AD536A utilizes a logarithmic circuit in performing the 
implicit rms computation. As with any log circuit, bandwidth 
is proportional to signal level. The solid lines in the graph be- 
low represent the frequency response of the AD536A at input 
levels from 10 millivolts to 1 volt rms. The dashed lines indi- 
cate the upper frequency limits for.1%, 10%, and 3dB of 
reading additional error. For example, note that a 1 volt rms 
signal will produce less than 1% of reading additional error up 
to 100kHz. A 10 millivolt signal can be measured with 1% of 
reading additional error ae up to only 6kHz. 
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Figure 11. High Frequency Response 
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AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooked in determining the accuracy 

of an ac measurement. Crest factor is defined as the ratio of the 
the peak signal amplitude to the rms value of the signal (C.F. = 
Vp/Vrms)- Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors (<2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring 

in switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1% duty 
cycle has a crest factor of 10 (C.F. = 1/4/n). 


Figure 12 is a curve of reading error for the AD536A for a 1 
volt rms input signal with crest factors from 1 to 10. A rec- 
tangular pulse train (pulse width 100us) was used for this test 
since it is the worst-case waveform for rms measurement (all 
the energy is contained in the peaks). The duty cycle and peak 
amplitude were varied to produce crest factors from 1 to 10 
while maintaining a constant 1 volt rms input amplitude. 
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Figure 12. Error vs, Crest Factor 
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Figure 13. AD536A Error vs. Pulse Width Rectangular Pulse 
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Figure 14. AD536A Input and Output 
Voltage Ranges vs. Supply 
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FEATURES 
True rms-to-dc Conversion 
200mV Full Scale 
Laser-Trimmed to High Accuracy 
0.5% max Error (AD636K) 
1.0% max Error (AD636J) 
Wide Response Capability: 
Computes rms of ac and dc Signals 
IMHz -3dB Bandwidth: V,,,>100mV 
Signal Crest Factor of 6 for 0.5% Error 
dB Output with 50dB Range 
Low Power: 800uA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
Low Cost 


PRODUCT DESCRIPTION 

The AD636 is a low power monolithic IC which performs true 
rms-to-de conversion on low level signals. It offers perform- 
ance which is comparable or superior to that of hybrid and 
modular converters costing much more. Similar in operation 
to the AD536A, the AD636 is specified for a signal range of 

0 to 200 millivolts rms. Crest factors up to 6 can be accom- 
modated with less than 0.5% additional error, allowing ac- 
curate measurement of complex input waveforms. 


The low power supply current requirement of the AD636, 
typically 800uA, allows it to be used in battery-powered 
portable instruments. A wide range of power supplies can be 
used, from +2.5V to +12V or a single +5V to +24V supply. 
The input and output terminals are fully protected; the in- 
put signal can exceed the power supply with no damage to 
the device (allowing the presence of input signals in the 
absence of supply voltage) and the output buffer amplifier 
is short-circuit protected. 


The AD636 includes an auxiliary dB output. This signal is 
derived from an internal circuit point which represents the 
logarithm of the rms output. The OdB reference level is set 
by an externally supplied current and can be selected by the 
user to correspond to any input level from 0dBm (774.6mV) 
to -20dBm (77.46mV). Frequency response ranges from 
1.2MHz at a OdBm level to over 10kHz at -50dBm. 


The AD636 is designed for ease of use. The device is factory- 
trimmed at the wafer level for input and output offset, posi- 
tive and negative waveform symmeiry (dc reversal), and full 
scale accuracy. Thus no external trims are required to achieve 
full rated accuracy. 


The AD636 is available in two accuracy grades; the AD636J 
has a total error of +0.5mV +1.0% of reading, and the AD6 36K 
is accurate within +0.2mV +0. 5% of reading. Both versions 
are specified for the 0 to 70°C temperature range, and are of- 
fered in either a hermetically sealed 14-pin DIP or a 10 pin 
TO-100 metal can. 
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The AD636 computes the true root-mean-square of a com- 
plex ac (or ac plus dc) input signal and gives an equivalent 
dc output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since 
it is a measure of the power in the signal. The rms value 

of an ac-coupled signal is also its standard deviation. 


. The 200 millivolt full scale range of the AD636 is com- 


patible with many popular display-oriented analog-to-digital 
converters. The low power supply current requirement 
permits use in battery-powered hand-held instruments. 


. The only external component required to perform mea- 


surements to the fully specified accuracy is the averaging 
capacitor. The value of this capacitor can be selected for 
the desired trade-off of low eeery accuracy, ripple, and 
settling time. 


. The on-chip buffer amplifier can be used to buffer either 


the input or the output. Used as an input buffer, it pro- 
vides accurate performance from standard 10MQ2 input 
attenuators. As an output buffer, it can supply up to 5 
milliamps of output current. 


. The AD636 will operate over a wide range of power sup- 


ply voltages, including single +5V to +24V or split +2.5V 
to +12V sources. A standard 9V battery will provide , 
several hundred hours of continuous operation. 
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oP ECIFICATIONS (typical @ +25° C, +Vg = +3V, -Vs = -5V, unless otherwise specified) 


Model AD636J AD636K 
TRANSFER EQUATION Vout = V avg. (Vin) ¢ 
CONVERSION ACCURACY 
‘Total Error, Internal Trim! £+0.5mV t1.0% of Reading, max £0.2mV £0.5% of Reading, max 
vs. Temperature, 0 to +70°C +(0.1mV 0.01% of Reading)/°C max —_£(0.1mV _£0.005% of Reading)/°C max 
vs. Supply Voltage ’ +(0.1mV +0.01% of Reading)/V id ; 
de Reversal Error +0.2% of Reading £0.1% of Reading 
Total Error, External Trim! +0.3mV 10.3% of Reading +0.1mV +0.2% of Reading 
ERROR vs. CREST FACTOR? 
Crest Factorlto2  . Specified Accuracy 
Crest Factor = 3 -0.2% 
Crest Factor = 6 -0.5% 


FREQUENCY RESPONSE?“ 
Bandwidth for 1% Additional Error (0.1dB) 


Vin = 10mV 12kHz . 
Vin = 100mV 80kHz . 
Vin = 200mV 130kHz 

+3dB Bandwidth 
Vin = 10mV 80kHz s 
Vin = 100mV 800kHz * 


Vin = 200mV 1.3MHz 


AVERAGING TIME CONSTANT 25ms/uF a 
INPUT CHARACTERISTICS 
Signal Range 
+3,-5V Supply +2.8V Peak ig 
+2.5V Supply +2V Peak ‘ 
+5V Supply +5V Peak i 
Safe Input, All Supply Voltage +12V max a 
Input Resistance 6.7kQ 425% . 
Input Offset Voltage 0.5mV max 0.2mV max 
OUTPUT CHARACTERISTICS‘ 
Offset Voltage 0.5mV max 0.2mV max 
vs, Temperature +10uV/C : 
vs. Supply +0.1mV/V . 
Voltage Swing 
+3,-5V Supply 0 to 1V typ (0.3V min) 
+5V Supply 0 to 1.4V typ (0.3V min) 
Output Impedance 10kQ £20% max . . 
dB OUTPUT 
Error, 7MV & Viy < 300mV rms +0.5dB max +0.2dB max 
Scale Factor -3mV/dB : 
Scale Factor Temperature Coefficient +0.3%/°C(-0.03dB/C) . 
IrEF for OdB = 0.1V rms 4uA (2uA min, 84A max) - 
InEF Range 1A to 50UA . 
lout TERMINAL 
lout Scale Factor 100uA/V rms = 
lout Scale Factor Tolerance °+20% . 
Output Resistance 10°Q 2 
Voltage Compliance -Vs to (+Vg -2V) ad 
BUFFER AMPLIFIER 
Input and Output Voltage Range -Vs to (+Vs -2V) min * 
Input Offset Voltage, Rg = 10k 2mV max lmV max 
Input Current 100nA typ (300nA max) 7 
Input Resistance 10°Q . 
Output Current (+5mA, -130uA) min . 
Short Circuit Current 20mA i 
Small Signal Bandwidth 1MHz . 
Slew Rate® 5V/us : 
POWER SUPPLY 
Voltage, Rated Performance +3,-5V is 
Dual Supply +2/-2.5V to +12V J 
Single Supply +5V to +24V . 
Quiescent Current® 800uA (1mA max) . 
TEMPERATURE RANGE 
Rated Performance 0 to +70°C : 
Storage -55°C to +150°C * 
PACKAGE OPTIONS’ 
“H Package: TO-100 AD636JH : AD636KH 
“D”’ Package: TO-116 Style (D14A) AD636JD AD636KD 
NOTES 


1 Accuracy is specified for 0 to 200mV rms, de or 1kHz sinewave input. Accuracy is degraded at higher rms signal levels. 
? Error vs. crest factor is specified as additional error for a 200mV rms rectangular pulse train, pulse width = 200ps, 

* Input voltages are expressed in volts rms. 

“Measured at pin 8 of DIP (Igy), with pin 9 tied to common. 

$With 10k pull-down resistor from pin 6 (BUF OUT) to -Vs. 

‘With BUF input tied to -Vs. 

™See Section 20 for package outline information. 

*Specifications same as AD636J. 

Specifications subject to change without notice. 
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STANDARD CONNECTION 

The AD636 is simple to connect for the majority of high 
accuracy rms measurements, requiring only an external capac- 
itor to set the averaging time constant. The standard connec- 
tion is shown in Figure 1. In this configuration, the AD636 
will measure the rms of the ac and dc level present at the 
input, but will show an error for low frequency inputs as a 
function of the filter capacitor, Cay, as shown in Figure 5. 
Thus, if a 4uF capacitor is used, the additional average error 
at 10Hz will be 0.1%, at 3Hz it will be 1%. The accuracy at 
higher frequencies will be according to specification. If it is 
desired to reject the dc input, a capacitor is added in series with 
with the input, as shown in Figure 3; the capacitor must be 
non-polar. If the AD636 is driven with power supplies with 

a considerable amount of high frequency ripple, it is advisable 
to bypass both supplies to ground with 0.1uF ceramic discs as 
near the device as possible. Cp is an optional output ripple 
filter, as discussed elsewhere in this data sheet. 


The input and output signal ranges are a function of the sup- 
ply voltages as detailed in the specifications. The AD636 can 
also be used in an unbuffered voltage output mode by dis- 
connecting the input to the buffer. The output then appears 
unbuffered across the 10k resistor. The buffer amplifier can 
then be used for other purposes. Further, the AD636 can be 
used in a current output mode by disconnecting the 10k re- 
sistor from the ground. The output current is available at 
pin 8 (pin 10 on the “‘H”’ package) with a nominal scale 

of 100uA per volt rms input, positive out. 


Figure 1. Standard rms Connection 


OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 
If it is desired to improve the accuracy of the AD636, the 
external trims shown in Figure 2 can be added. Rg is used to 
trim the offset. The scale factor is trimmed by using Ry 

as Shown. The insertion of R2 allows R, to either increase 
or decrease the scale factor. 


The trimming procedure is as follows: 

1. Ground the input signal, Vjy, and adjust Rg to give zero 
volts output from pin 6. Alternatively, Rq can be adjusted to 
give the correct output with the lowest expected value of Vin. 
2. Connect the desired full scale input level to Vin, either 

dc or a calibrated ac signal (1kHz is the optimum frequency); 
then trim R, to give the correct output from pin 6, i.e., 
200mV dc input should give 200mvV dc output. Of course, a 


+200mV peak-to-peak sinewave should give a 141.4mV dc out- 
put. The remaining errors, as given in the specifications, are , 
’ due to the nonlinearity. 


SINGLE SUPPLY CONNECTION 7 

The applications in Figures 1 and 2 assume the use of dual 
power supplies, The AD636 can also be used with only a 

single positive supply down to +5 volts, as shown in Figure 

3. The major limitation of this connection is that only ac 
signals can be measured since the input stage must be biased 
off ground for proper operation. This biasing is done at pin 

10; thus it is critical that no extraneous signals be coupled into 
this point. Biasing can be accomplished by using a resistive 
divider between +Vs and ground. The values of the resistors 
can be increased in the interest of lowered power consump- 
tion, since only 1 microamp of current flows into pin 10 (pin 
2 on the ‘‘H”’ package). Alternately, the COM pin of some 
CMOS ADCs provides a suitable artificial ground for the 
AD636. AC input coupling requires only capacitor C2 as 
shown; a dc return is not necessary as it is provided internally. « 
C2 is selected for the proper low frequency break point with 
the input resistance of 6.7kQ; for a cut-off at 10Hz, Cz should 
be 3.3uF. The signal ranges in this connection are slightly more 
restricted than in the dual supply connection. The load resis- © 
tor, Ri, is necessary to provide current sinking capability. 
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Figure 3. Single Supply Connection 
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CHOOSING THE AVERAGING TIME CONSTANT 3g constant, which corresponds to a 4uF capacitor (time con- 


The AD636 will compute the rms of both ac and de signals. stant = 25ms per HF). 
, If the input is a slowly-varying dc voltage, the output of the The primary disadvantage in using a large Cay to remove rip- 
AD636 will track the input exactly. At higher frequencies, ple is that the settling time for a step change in input level is 


the average output of the AD636 will approach the rms value 
of the input signal. The actual output of the AD636 will differ 
from the ideal output by an average (or dc) error and some 
amount of ripple, as demonstrated in Figure 4. 


increased proportionately. Figure 5 shows that the relationship 
between Cay and settling time is 100 milliseconds for each 
microfarad of Cay. The settling time is twice as great for de- 
creasing signals as for increasing signals (the values in Figure 5 
Eo are for decreasing signals). Settling time also increases for low 
IDEAL . signal levels, as shown in Figure 6. 


A better method for reducing output ripple is the use of a 
AVERAGE ERROR = 


Ey — Eo (IDEAL) “post-filter”. Figure 7 shows a suggested circuit. If a single- 
— — pole filter is used (C3 removed, Rx shorted), and C2 is approx- 
™ “PO Naveract €o “> imately twice the value of Cay, the ripple is reduced as shown 


DOUBLE-—FREQUENCY 


Spee in Figure 8, and settling time is increased. For example, with 


Cay = 1uF and C, =4.7uF, the ripple for a 60Hz input is re- 
| TIME duced from 10% of reading to approximately 0.3% of reading. 
Figure 4. Typical Output Waveform for Sinusoidal Input The settling time, however, is increased by approximately a 
factor of 3. The values of Cay and C, can therefore be reduced 
to permit faster settling times.while still providing substantial 
ripple reduction. 

' 


The dc error is dependent on the input signal frequency and 
the value of Cay. Figure 5 can be used to determine the mini- 
mum value of Cay which will yield 1% or 0.1% dc error above 
a given frequency. For example, if a 60Hz waveform is to be 
measured with a dc error of less than 0.1%, Cay must be greater Vin 
than 0.65uF. If a 1% error can be tolerated, the minimum 


value of Cav is 0.22uF. 
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values of Cay, C2, and C3 can then be reduced to allow ex- 
tremely fast settling times for a constant amount of ripple. 
Caution should be exercised in choosing the value of Cay, 
since the dc error is dependent upon this value and is inde- 
pendent of the post filter. 


The ac component of the output signal is the ripple. There are 
two ways to reduce the ripple. The first method involves using 
a large value of Cay. Since the ripple is inversely proportional 
to Cay, a tenfold increase in this capacitance will effect a ten- 
fold reduction in ripple. When measuring waveforms with high 
crest factors, (such as low duty cycle pulse trains), the aver- oe eh lt ack 
aging time constant should be at least ten times the signal peri- 10% (| —+} + Bf} 7} 4 4 9 
od. For example, a 100Hz pulse rate requires a 100ms time ese Meese Dene. ol Seale ta 
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AD636 PRINCIPLE OF OPERATION 

The AD636 embodies an implicit solution of the rms equa- 
tion that overcomes the dynamic range as well as other limi- 
tations inherent in a straight-forward computation of rms. 
The actual computation performed by the AD636 follows 


the equation: 
2 
Vin 
Vims 


Figure 9 is a simplified schematic of the AD636; it is sub- 
divided into four major sections: absolute value circuit (ac- 
tive rectifier), squarer/divider, current mirror, and buffer am- 
plifier. The input voltage, Vj;,;, which can be ac or dc, is con- 
verted to a unipolar current I, , by the active rectifier A;, A2. 
I, drives one input of the squarer/divider, which has the 
transfer function: 

lg = 7/7 ls 


The output current, I4, of the squarer/divider drives the cur- 
rent mirror through a low pass filter formed by R,; and the 
externally connected capacitor, Cay. If the Ry, Cay time 
constant is much greater than the longest period of the input 
signal, then I, is effectively averaged. The current mirror re- 
turns a current I3, which equals Avg. [I4], back to the squarer/ 
divider to complete the implicit rms computation. Thus: 


Vims = AVE: 


Ig = Avg. (1,7/l4] = 1, rms 

The current mirror also produces the output current, Inu, 
which equals 214. Iny7 can be used directly or converted to 
a voltage with R2 and buffered by Ag to provide a low im- 
pedance voltage output. The transfer function of the AD636 
thus results: 


Vout = 2R2 bms = Vin ms 


The dB output is derived from the emitter of Q3, since the 
voltage at this point is proportional to -log Vyy. Emitter fol- 
lower, Qs, buffers and level shifts this voltage, so that the 
dB output voltage is zero when the externally supplied 
emitter current (IREF) to Qs approximates I3. 


CURRENT MIRROR 


ABSOLUTE VALUE/ 
. VOLTAGE — CURRENT 
CONVERTER 


ONE — QUADRANT 
SQUARER/ 


DIVIDER 


Figure 9. Simplified Schematic 


THE AD636 BUFFER AMPLIFIER | 
The buffer amplifier included in the AD636 offers the user 
additional application flexibility. It is important to understand” 
some of the characteristics of this amplifier to obtain optimum 
performance. Figure 10 shows a simplified schematic of the. 
buffer. a 


Since the output of an rms-to-dce converter is always positive, 
it is not necessary to use a traditional complementary Class 
AB output stage. In the AD636 buffer, a Class A emitter 
follower is used instead, In addition to excellent positive out- 
put voltage swing, this configuration allows the output to 
swing fully down to ground in single-supply applications 
without the problems associated with most IC operational 
amplifiers. | 


+Vs 


BUFFER 
OUTPUT 


BUFFER 
INPUT 


T+ ------»w-4 
Vv REXTERNAL 
s (OPTIONAL, SEE TEXT) 


Figure 10, AD636 Buffer Amplifier Simplified Schematic 


When this amplifier is used in dual-supply applications as an 
input buffer amplifier driving a load resistance referred to 
ground, steps must be taken to insure an adequate negative 
voltage swing. For negative outputs, current will flow from the 
load resistor through the 40kQ2 emitter resistor, setting up a 
voltage divider between -Vs and ground. This reduced effec- 
tive -Vs will limit the available negative output swing of the 
buffer. Addition of an external resistor in parallel with Rg 
alters this voltage divider such that increased negative swing 

is possible. 


Figure 11 shows the value of RExTERNAL for a particular 

ratio of VpgfaxK to -Vs for several values of RLoAp. Addition 
of REXTERNAL increases the quiescent current of the buffer 
amplifier by an amount equal to RexT/-Vs. Nominai buffer 
quiescent current with no REXTERNAL 1S 30MA at -Vs = -5V. 


RATIO OF Vpeax/VsupPLy 


REXTERNAL 


Figure 11. Ratio of Peak Negative Swing to -Vs vs. 
REXTERNAL for Several Load Resistances 
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FREQUENCY RESPONSE . 

The AD636 utilizes a logarithmic circuit in performing the 
implicit rms computation. As with any log circuit, bandwidth 
is proportional to signal level. The solid lines in the graph be- 
low represent the frequency response of the AD636 at input 
levels from 1 millivolt to 1 volt rms. The dashed lines indi- 
cate the upper frequency limits for 1%, 10%, and +3dB of 
reading additional error. For example, note that a 1 volt rms 
signal will produce less than 1% of reading additional error up 
to 200kHz. A 10 millivolt signal can be measured with 1% of 
reading additional error (100uV) up to 12kHz. 
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Figure 12. AD636 Frequency Response 


AC MEASUREMENT ACCURACY AND CREST FACTOR 
Crest factor is often overlooked in determining the accuracy. 


‘of an ac measurement. Crest factor is defined as the ratio of the 


the peak signal amplitude to the rms value of the signal (C.F. = 
Vp/Vrms)- Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors (<2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring 
in switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1% duty 
cycle has a crest factor of 10 (C.F. = 1//n). 


Figure 13 is a curve of reading error for the AD636 for a 
200mV rms input signal with crest factors from 1 to 7. A rec- 
tangular pulse train (pulse width 200us) was used for this test 
since it is the worst-case waveform for rms measurement (all 
the energy is contained in the peaks). The duty cycle and peak 
amplitude were varied to produce crest factors from 1 to 7 
while maintaining a constant 200mV rms input amplitude. 


qe eye n= DUTY CYCLE = 2Hs 
wwe] -tesecde fee FA 
el i ein (rms) = 200mV 

200us 


INCREASE IN 
ERROR % OF READING 


CREST FACTOR 


Figure 13. Error vs. Crest Factor 


A COMPLETE AC DIGITAL VOLTMETER 

Figure 14 shows a design for a complete low power ac digital 
voltmeter circuit based on the AD636. The 10MQ input at- 
tenuator allows full scale ranges of 200mV, 2V, 20V and 
200V rms. Signals are capacitively coupled to the AD636 
buffer amplifier, which is connected in an ac bootstrapped 
configuration to minimize loading. The buffer then drives 
the 6.7k2 input impedance of the AD636. The COM termi- 
nal of the ADC chip provides the false ground required by 
the AD636 for single supply operation. An AD589 1.2 

volt reference diode is used to provide a stable 100 millivolt 
reference for the ADC in the linear rms mode; in the dB mode, 


COM 
C1 = 3-10pF VARIABLE, 
C2 = 132pF VARIABLE 

ALL RESISTORS 1% UNLESS NOTED. 


a 1N4148 diode is inserted in series to provide correction 
for the temperature coefficient of the dB scale factor. Cal- 
ibration of the meter is done by first adjusting offset pot 
R17 for a proper zero reading, then adjusting the R13 for an 
accurate readout at full scale. 


Calibration of the dB range is accomplished by adjusting R9 
for the desired OdB reference point, then adjusting R14 for 
the desired dB scale factor (a scale of 10 counts per dB is 
convenient). 


Total power supply current for this circuit is typically 
2.8mA using a 7106-type ADC. 


+Vpp 


3 1/2 DIGIT 
CMOS 


Figure 14. 31/2 Digit True rms ac Voltmeter 
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Wideband, High Accuracy 
True rms-to-de Converter 


FEATURES 

DC to 8MHz Response (-3dB) 

High Accuracy: 
With No Ext. Trim: +2mV +0.15% of Rdg., max 
With Ext. Trim: +1mV +0.05% of Rdg., max 

Low Drift: +(35uV +0.01% of Reading)/ C max, 442L 

Fast Settling Time: Sms to 1% 

Small Size: 1.5” x 1.5” x 0.4” 

All Hermetically Sealed Semiconductors 


APPLICATIONS 

Wideband rms Instrumentation 

Telephone, Telegraph & Modem Test Equipment 
Vibration Analysis 

Sound & Noise Level Instrumentation 

Mean Square Measurements 


GENERAL DESCRIPTION : 

Model 442 is a high performance true rms-to-de converter 
featuring 8MHz bandwidth, low drift to +35uV/°C +0.01% of 
reading/°C maximum, and +1% reading error to 800kHz. Unlike 
competing designs, model 442 achieves its high accuracy over a 
very wide input signal range. With no external adjustment, accu- 
racy is held to within +2mV +0.15% of reading for input signals 
of 0 to 2Vims.- If optional adjustments are performed, this accu- 
racy can be improved to +1mV +0.05% of reading. Model 442 
is designed to be used in high performance instrumentation 
where response to low level, high speed signals, is of greatest 
importance. 


The compact, log-antilog circuit design of model 442 results 
in high accuracy measurements on sinewave signals and com- 
plex waveforms such as pulse trains. Reading error increases 
0.2% for signals with crest factors up to 7. In addition, true 
rms measurement can be performed directly on signals contain- 
ing both ac and dc components. 


Model 442 is available in three low drift selections offering 
maximum drift performance | over 0 to +70°C range; model 
442L: +(35uV +0. 01% of rdg. )/°C max; model 442K: +(S5OuV 
+0. 01% of rdg.)/°C max; model 442]: +(100uV 40.01% of 
rdg.)/°C max. 


WHERE TO USE MODEL 442 

Excellent untrimmed performance along with simple, optional 
trims make model 442 the ideal component for all types of 
laboratory and OEM rms instrumentation where wideband 
measurements must be made with high accuracy. Model 442 

is ideally suited for measuring thermal noise, transistor noise 

_ and switch contact noise. True rms measurement is the only 
technique to accurately measure system noise and thereby 
assist the designer in reducing this noise. Model 442 is also use- 
ful for measuring mechanical phenomena sich as strain, stress, 


For detailed information, contact factory. 


MODEL 422 | 
SIGNAL ACCURACY VS. INPUT FREQUENCY 


TOTAL OUTPUT ERROR — mV 
) 


MODEL 442 WIDEBAND RMS TO OC CONVERTER 
ERROR VERSUS INPUT FREQUENCY 
1Vams INPUT SIGNAL 


1k 2k 3k 4k 5k 10k nS Saas ei 100k 200k 300k 400k 500k 1M 
SINEWAVE INPUT FREQUENCY — Hz 


vibration, shock, expansion and contraction. The electrical 
signals produced by these mechanical actions are often noisy, 
nonperiodic, nonsinusoidal and superimposed on dc levels, 
therefore requiring true rms devices for accurate measurements. 


Model 442 is also required for accurate measurements on low 
repetition rate pulse trains. For pulse trains with crest factors 
of 10, a 3dB bandwidth of 400 times the pulse rate is required 
to achieve 1% accuracy and 4000 times the pulse rate is needed 
for 0.1% accuracy. 


Model 442 may also be connected (see Figuré 3) to measure 
the MEAN SQUARE of a signal (eg = ein 7 /Vp). The Mean 
Square of a random signal is equal to the variance (02). 


TOTAL ACCURACY 

Total output error is specified as the sum of two components; 
a fixed term plus a percentage of output signal. Model 442 has 
a rated sinewave accuracy of +1mV +0.05% max (externally 
trimmed), which for a one volt rms sinewave, results in a 
+1.5mV maximum error (+1mV fixed error plus +0.5mV 
reading error). The fixed error component is comprised of out- 
put offsets and linearity errors. Both of these error terms have 
been minimized in the model 442 as‘a result of special output 
circuit design and sophisticated factory offset trim procedures. 
Output offset can be adjusted for minimum error by means of 
an external adjustment (see Figure 2). The % of reading error 
is attributed to nonlinearity and scale factor errors. Scale factor 
error may also be reduced by external adjustment of an op- 
tional 5k{2 potentiometer (see Figure 2). 
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SPECIFICATIONS ** (typical @ 125°C and V, = +15V dc, unless otherwise noted) 
. 442 


MODEL 7 


| 442K 442L 
TRANSFER EQUATION eg = Vave (Cin)? . : 
ACCURACY' 7 


Total Error, Sinewave Input, f < 20kHz 
No External Adjustment , 


Input Range: 0 to 2Vims +2mV +0.15% of Rdg.,max * 
External Adjustment _ 
"Input Range: 0 to 2Vang | +1mV +0.05% of Rdg.,max * . 


10MVims tO 2Vims 
Additional Error, Sinewave Input, 
20kHz & f S 500kHz 
With or Without External Adjustment 
For Any Input Range 


+0.5mV +0.05% of Rdg., max * 


(+25uV +0.0025% of Rdg) x 


(= - 20kHz * * 
a max 
1kHz 


vs. Temperature (0 to +70°C), max +100nV/°C plus +50uV/°C plus +35uV/°C plus 
+0.01% of Rdg./°C +0.01% of Rdg./°C — #0.01% of Rdg./°C 
vs. Supply Voltage +0.1mV/% , 7 
Warm-Up Time 5 minutes * , 
FREQUENCY RESPONSE. SINEWAVE INPUT 
+1% Reading Error 
Input: 7V ims 500kHz : as 
2V ons 700kHz . : 
ive. 800kHz . : 
0.2V ims 120kHz . : 
0.1Vims 80kHz ‘ . 
0.01Vims 25kHz * : 
-3dB Reading E-ror 
Input: 7Vims 5MHz : . 
2N ens 8MHz : : 
TVans 7MHz . . 
0.2Vins 3MHz . . 
0.1Vims 2MHz * ‘ 
0.01Vims 300kHz ‘ . 
Internal Filter Time Constant 1.5ms * * 
External Filter Time Constant” 15ms/UF ed i 
Total Averaging Time Constant? 1.5ms + 15ms/yF * . , 
CREST FACTOR 
+0.2% Additional Reading Error 
+0.5% Additional Reading Error 10 * * 
INPUT SPECIFICATIONS 
Voltage 
Signal Range £10Vpeak min 1 ‘ 
Safe Input © tVs * * 
Impedance 2.5kQ +10% . . 
OUTPUT SPECIFICATIONS® 
Rated Output 
Voltage +10.0V min = * 
Curreit +5mA min if * 
impedance 0.12 * * 
Offset Voltage, @ +25°C +2mV max : * 
With External 20kQQ Trim Pot Adjustable to Zero . * 
POWER SUPPLY* 
Voltage, Rated Specifications +15V de 5 e 
Voltage, Operating +(6 to 18)V dc . ‘ 
Current, Quiescent +12mA : id 
TEMPERATURE RANGE 
Rated Performance 0 to +70°C sg . 
Operating -25°C to +85°C if ° 
Storage -55°C to +125°C rs - 
CASE SIZE 1.5” x 1.5" x04" - : . 


*Specifications same as model 442). 
**Contact sales office for complete 4 page data sheet. 

‘Error is specified as the sum of two components: a fixed term plus a percentage of output signal (reading). Refer to 
TOTAL ACCURACY, 

2 Connect optional filter capacitor between pin 1 and pin 2 (see Figure 2). Pin 1 is protected for shorts to ground and 
the positive supply voltage. Pin 1 is not protected for negative voltage greater than 1 volt. 

> Protected for short circuit to ground and/or either supply voltage. 

“Recommended power supply: Analog Devices’ model 904. 


Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 


je 1.51 MAX (38.1) ———»> 


0.41 MAX 
| (10.2) 
| — 0.04 DIA 
(1.02) 
0.20 TO 0.25 
(5 TO 6.4) 


|_| 
8 eh es a ip Da 
BOTTOM VIEW 


>| 
Weight: 40 grams 


0.1 GRID 
(2.5) 


MATING SOCKET AC1016 
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Figure 1. Wiring Connections for 
rms Measurements (No External 


SCALE FACTOR 


Rg = 5k92 
Ro = 20k 


*SELECT Ce FOR INCREASED AVERAGING TIME CONSTANT. 
r(ms) = 1.5 + 15C¢ (uF) 


Figure 2. Optional External 
Adjustment for rms Measurements 
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Figure 3. Wiring Connections for 
Mean Square Measurements with 
Adjustable Scale Factor (Vref) 
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Output Voltage Range 


Output Voltage Tolerance 


Temperature Stability 


Temperature Range 
Package Style 
Dice Available 


Volume I 
Page 


1.235V 
2.5V 
5.0V 
1d V 
+10.00V 
-10.00V 
+10.00V 


<+0.4% 
<+0.05% 
<+0.025% 
<+0.012% 


<25ppm/°C . 
<10ppm/°C 
<S5ppm/°C 
<ippm/°C 


0 to +70°C 
-55°C to +125°C 


Hermetic Package 
Plastic Package 
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Orientation 
Voltage References 


A voltage reference is used to provide an accurately known 
voltage which can be utilized in a circuit or system. For ex- 
ample, measurement systems rely on precision references in 
order to establish a basis for absolute measurement accuracy. 
Any reference inaccuracy will undermine the accuracy of the 
overall system. Thus, ideal references are characterized by ac- 
curately set (and traceable to recognized fundamental stand- 
ards) constant output voltage, independent of temperature, 
load changes, input voltage variation, and time. 


Types of References 

The majority of available IC reference circuits use the band- 
gap principle: the Vgg of any silicon transistor has a negative 
tempco of about 2mV/°C, which can be extrapolated to ap- 
proximately 1.2 volts at absolute zero (the bandgap voltage. 

of silicon). Since identical transistors operating at constant cur- 
rent densities will have predictably different temperature coef- 
ficients of base-emitter voltage, it is possible to arrange circuit 
elements so as to null out the temperature coefficients asso- 
ciated with the two phenomena and produce a constant voltage 
(usually 1.2 volts). This temperature-invariant voltage can be 
amplified and buffered to produce a standard voltage value, 
such as 2.5V or 10.0V. The bandgap types catalogued here 
include the AD1403 and the AD580 (2.5V), the AD581 
(10.0V),-and the multi-output AD584 (2.5, 5.0, 7.5, and/or 
10.0V). 


Another popular form of reference circuit uses a selected low- 
drift Zener diode, followed by a buffer-amplifier-and-precision- 
gain stage to provide a standard output voltage. The AD2710, 
AD2712 families provide +10V and +10V (dual output) using 
this technique. Laser-trimmed thin-film resistors are essential 
to secure +1mV accuracy and +1ppm/C max drift in these 
hybrid devices. 


The AD589 family are two-terminal 1.2V bandgap ICs used 
like Zener diodes. They are ideally suited to battery-powered 
instruments or portable equipment where low power consump- 
tion (and often low supply voltages) are essential. Power re- 
quirements as low as 60uUW, combined with low temperature 
drift, provide precision performance at low cost. 
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Definitions of Specifications 

Line regulation. The change in output voltage due to a speci- 
fied change in input voltage. It is usually expressed in percent 
per volt or microvolts per volt of input change. 


Load regulation. The change in output voltage for a specified 
change in load current. It is generally expressed in microvolts 
per milliampere, or ohms of dc output resistance. This specifi- 
cation includes the effect of self-heating due to increased 
power dissipation at higher load currents. 


Output voltage tolerance. The deviation from the nominal out- 
put voltage at 25°C and specified input voltage as measured by 
a device traceable to a recognized fundamental voltage standard. 


Output voltage change with temperature. The change in out- 
put voltage from the value at 25°C ambient; it is independent 
of variations in the other operating conditions. Analog Devices 
specifies both an error band and an equivalent temperature 
coefficient (in ppm/* C) for most references. The error band 
(e.g., t5mV, -55°C to +125°C), is defined graphically in terms 
of a box (voltage vertically, temperature horizontally) whose 
diagonals extend from 25°C to Tmax and 25°C to Tmin, with a 
slope equal to the stated temperature coefficient. Thus, the 
total absolute error for a particular reference over its specified 
temperature range is equal to the output voltage tolerance at 
25°C plus the error band. 


Turn-on settling time. The time, from a cold start, for the 
reference output to settle within a specified error band. This 
definition relates only to the electrical turn-on of the chip, 
and does not include thermal settling time, which depends on 
the package, heat-sinking, and load-current change. 
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FEATURES 
Laser Trimmed to Higher Acc 
from +1.0% (AD580M) 
3-Terminal Device: Volta 
Excellent Temperature’ 
Excellent Long Ter 


Low Quiesce rren A mi 

Small, He Packagew TL 

3 MIL Temperature,Grades.(-55°C to +125°C) with 
MIL-STD-883 .B Processing Available 


PRODUCT DESCRIPTION 

The AD580 is an improved three-terminal, low cost, tempera- 
ture compensated, bandgap voltage reference which provides 
a fixed 2.5V output voltage for inputs between 4.5V and 30V. 
A unique combination of advanced circuit design and laser- 
wafer-trimmed thin-film resistors provide the AD580 with an 


improved initial tolerance of +0.4%, a temperature stability of . 


better than 10ppm/°C and long term stability of better than 
250uV. In addition, the low quiescent current drain of 1.0mA 
max offers a clear advantage over classical zener techniques. 


- The AD580 is recommended as a stable reference for all 8-, 

10- and 12-bit D-to-A converters that require an external refer- 
ence. In addition, the wide input range of the AD580 allows 
operation with 5 volt logic supplies making the AD580 ideal 
for digital panel meter applications or whenever only a single 
logic power supply is available. 


The AD580J, K, L and M are specified for operation over the 
0 to +70°C temperature range; the AD580S, T and U are speci- 
fied for operation over the extended temperature range of 
-55°C to +125°C. 


* Covered by Patent Nos. 3,887,863; RE 30,586 


500V +0.4%, Improved 


High Precision 
2.5 Volt IC Reference 
AD580* 


AD580 FUNCTIONAL BLOCK DIAGRAM | - 


TO-52 
BOTTOM VIEW 


PRODUCT HIGHLIGHTS 


1. 


Laser-trimming the thin-film resistors has reduced the 
AD580 output error. For example, AD580L output 
tolerance is now +10mV, improved from +50mV. 


. The three-terminal voltage in/voltage out operation of the 


AD580 provides regulated output voltage without any 
external components. 


. The AD580 provides a stable 2.5V output voltage for 


input voltages between 4.5V and 30V. The capability to 
provide a stable output voltage using a 5-volt input makes 
the AD580 an ideal choice for systems that contain a 
single logic power supply. 


. Thin film resistor technology and tightly controlled bipolar 


processing provide the AD580 with temperature stabilities 
to 10ppm/ C and long term stability better than 250uV. 


. The low quiescent current drain of the AD580 makes it 


ideal for CMOS and other low power applications. 


. The three grades of AD580 rated for operation over the 


-55°C to +125°C “military” temperature range are avail- 
able with processing to MIL-STD-883, Class B. 
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SPECIFICATIONS (typical @ +15V and - unless otherwise s sea 


MODEL AD580JH ADS80KH AD580LH AD580MH 
ABSOLUTE MAXIMUM RATINGS 
Input Voltage 40V Ew : . i 
Power Dissipation @ +25°C 
Ambient Temperature 350mW . i! 
Derate Above +25°C 2.8mW/°C : : ' 
Operating Junction Temperature Range -55°C to +150°C  * bi 3 
Storage Temperature Range -65°C to +175°C  * * : 
Lead Temperature (Soldering, 10 sec) +300°C - , id 
Thermal Resistance 
Junction-to-Case 100°C/W 
Junction-to-Ambient 360°C/W $ . . 
Specified Operating Temperature Range © 0 to +70°C i - : 
OUTPUT VOLTAGE TOLERANCE 
(Error from Nominal 2.500 Volt Output) +75mV max +25mV max +10mVmax +10mV max 
OUTPUT VOLTAGE CHANGE 
Tmin tO Tmax 15mV max 7mV max 4.3mV max — 1.75mV max 
. (85ppm/°C) (40ppm/°C) (25ppm/°C) (10ppm/°C) 
LINE REGULATION 
7V<Vin $30V 6mV max 4mV max 2mV max 2mV max 
(1.5mV typ) (1.5mV typ) 
4.5£Vin <7V 3mV max 2mV max ImV max lmV max 
(0.3mV typ) (0.3mV typ) 
LOAD REGULATION , 
Al= 10mA, Vyy = +15V 10mV max : ‘ 
QUIESCENT CURRENT 1.5mA max 
(1.0mA typ) ‘4 id . 
NOISE (0.1Hz to 10Hz) 60uV (p-p) - 6 35 
STABILITY 
Long Term 250yV . = i 
Per Month 25uV . : z 
PACKAGE STYLE! TO-52 H : i i 
AD580SH ADSR0TH ‘AD580UH 
MODEL (ADS80SH/883B)” (ADS80TH/883B)” — (AD580UH/883B)” 
ABSOLUTE MAXIMUM RATINGS ; 
Input Voltage 40V Ew ashe bas 
Power Dissipation @ +25°C 
Ambient Temperature 350mW 2° oe 
Derate Above +25°C 2.8mW/°C +e +s 
Operating Junction Temperature Range -55°Cto+150°C ** =”. 
Storage Temperature Range 65°C to +175°C** bd 
Lead Temperature (Soldering, 10 sec) +300°C bis => 
Thermal Resistance : 
Junction-to-Case 100 °C/W “ =? 
Junction-to-Ambient 360 C/W le ** 
Specified Operating Temperature Range -55°Cto+125°C ** ee 
OUTPUT VOLTAGE TOLERANCE 
(Error from Nominal 2.500 Volt Output) +25mV max ~£10mV max +10mV max 
OUTPUT VOLTAGE CHANGE 
Tmin tO Tmax 25mV max 11mV max 4.5mV max 
. (5Sppm/°C) (25ppm/°C) (10ppm/°C) 
LINE REGULATION 
7VSVinS30V 6mV max 2mV max 2mV max 
(1.5mV typ) 
4.5&Vin &7V 3mV max lmV max 1mV max 
(0.3mV typ) 
LOAD REGULATION 
Al = 10mA, Vin = +15V 10mV max id bead 
—_——_—_—_—T————_—_—_—_—_—l———————EEEE rT rrr eee—___—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_——————————————————— 
QUIESCENT CURRENT 1.5mA max 
1.0mAt == sd 
NOISE (0.1Hz to 10Hz) “60LV (p-p) oe * 
STABILITY 
Long Term 250uV as bs 
Per Month 25uV hed = 
PACKAGE STYLE! TO-52 H es “ 


*Specifications same as ADS80JH 
'* *Specifications same as AD580SH 
"See Section 20 for package outline information. 
? The ADS80SH, TH and UH are available processed and screened 
to the requirements of MIL-STD-883, Class B. When ordering, 
specify AD580XH/88 3B. 


Specifications subject to change without notice. 


VOL. 1, 8-6 VOLTAGE REFERENCES 


THEORY OF OPERATION 
Most precision IC references use complex multichip hybrid 


_ Applying the AD580 
¥ 


designs based on expensive temperature-compensated zener 
diodes, Others are monolithic with on-chip zener diodes; these 
often require more than one power supply and, with the zener 
breakdown occuring near 6.3 volts, will not operate from a 
low voltage logic supply. 
The ADS580 family (AD580, AD581, AD584, AD589) uses 
the “bandgap” concept to produce a stable, low-temperature- 
coefficient voltage reference suitable for high accuracy data- 
acquisition components and systems. The device makes use 
of the underlying physical nature of a silicon transistor base- 
emitter voltage in the forward-biased operating region. All 
such transistors have approximately a -2mV/C temperature 

_ coefficient, unsuitable for use directly as a low TC reference; 
however, extrapolation of the temperature characteristic of 
any one of these devices to absolute zero (with emitter cur- 
rent proportional to absolute temperature) reveals that it will 
go to a Vg of 1.205 volts 0°K, as shown in Figure 1. Thus, 
if a voltage could be developed with an opposing temperature 
coefficient to sum with Vgg to total 1.205 volts, a zero-TC 
reference would result and operation from a single, low-voltage 
supply would be possible. The AD580 circuit provides such a 
compensating voltage, Vy in Figure 2, by driving two transis- 
tors at different current densities and amplifying the resulting 
VpeE difference (AVgr — which now has a positive TC); the 
sum (Vz) is then buffered and amplified up to 2.5 volts to pro- 
vide a usable reference-voltage output. Figure 3 is the sche- 
matic diagram of the AD580, 


The AD580 operates as a three-terminal reference, that 
means that no additional components are required for biasing 
or current setting. The connection diagram, Figure 4 is quite 
simple. 
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Figure 1. Extrapolated Variation of Base-Emitter Voltage with 
Temperature (lEaT), and Required Compensation, Shown for 
Two Different Devices 
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Figure 2. Basic Bandgap-Reference Regulator Circuit 


Figure 4. AD580 Connection Diagram 


VOLTAGE VARIATION VS. TEMPERATURE 

Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer- 
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., 10ppm/°C. However, because of the incon- 
sistent nonlinearities in zener references (butterfly or ‘‘S” 
type characteristics), most manufacturers use a maximum 
limit error band approach to characterize their references. 
This technique measures the output voltage at 3 to 5 different 
temperatures and guarantees that the output voltage deviation 
will fall within the guaranteed error band at these discrete 
temperatures, This approach, of course, makes no mention or 
guarantee of performance at any other temperature within the 
operating temperature range of the device. 


The consistent Voltage vs. Temperature performance of a typi- 
cal AD580 is shown in Figure 5. Note that the characteristic 

is quasi-parabolic, not the possible ‘‘S” type characteristics of 
classical zener references, This parabolic characteristic permits 
a maximum output deviation specification over the device’s 
full operating temperature range, rather than just at 3 to 5 
discrete temperatures. | 


OUTPUT VOLTAGE — Volts 


TEMPERATURE — °C 


Figure 5. Typical AD580K Output Voltage vs. Temperature 


VOLTAGE REFERENCES VOL. I, 8-7 


The AD580M guarantees : a maximum deviation of 1. 75mV_ 
over the 0 to +70 'C temperature range. This can be shown to 
be equivalent to 10ppm/* C average maximum; i.e. 


1.75mV max x 1 


70°C  2,.5V 


The AD580 typically exhibits a variation of 1.5mV over the 
power supply range of 7 to 30 volts. Figure 6 is a plot of 
AD580 line rejection versus frequency. 


= 10ppm/° C max average 


NOISE PERFORMANCE 

Figure 7 represents the peak-to-peak noise of the AD580 
from 1Hz (3dB point) to a 3dB high end shown on the 
horizontal axis. Peak-to-peak noise from 1Hz to 1MHz is 
approximately 600uV. 


THE AD580 AS A CURRENT LIMITER 

The AD580 represents an excellent alternative to current 

limiter diodes which require factory-selection to achieve a 
desired current. This approach. often results in temperature 

coefficients of 1%/°C, The AD580 approach is not limited 
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Figure 6. AD580 Line Rejection Plot 
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Figure 7. Peak-to-Peak Output Noise vs. Frequency 
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Figure 8. Input Current vs. Input Voltage (Integral Loads} 


VOL. I, 8-8 VOLTAGE REFERENCES 


to a specially selected factory set current limit; it can be pro- 
grammed from 1 to 10mA with the insertion of a single ex- 
ternal resistor, The approximate temperature coefficient of 
current limit for the AD580 used in this mode is 0.13%/°C 
for I,m = 1mA and 0.01%/°C for IL yy = 13mA (see Figure 9). 
Figure 8 displays the high output impedance of the AD580 
used as a current limiter for I, jy = 1, 2, 3, 4, 5mA. . 
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Figure 9. A Two-Component Precision Current Limiter 


THE AD580 AS A LOW POWER, LOW VOLTAGE PRE- 
CISION REFERENCE FOR DATA CONVERTERS 

The AD580 has a number of features that make it ideally 
suited for use with A/D and D/A data converters used in 
complex microprocessor-based systems. The calibrated 
2.500 volt output minimizes user trim requirements and 
allows operation from a single low voltage supply. Low 
power consumption (1mA quiescent current) is com- 
mensurate with that of CMOS-type devices, while the low 
cost and small package complements the decreasing cost and 
size of the latest converters. 


Figure 10 shows the AD580 used as a reference for the 
AD7542 12-bit CMOS DAC with complete microprocessor 
interface. The AD580 and the AD7542 are specified to 
operate from a single 5 volt supply; this eliminates the need 
to provide a +15 volt power supply for the sole purpose of 
operating a reference. The AD7542 includes three 4-bit data 
registers, a 12-bit DAC register, and address decoding logic; 
it may thus be interfaced directly to a 4-, 8- or 16-bit data bus. 
Only 8mA of quiescent current from the single +5 volt supply 
is required to operate the AD7542 which is packaged in a 
small 16-pin DIP. The AD544 output amplifier is also low 
power, requiring only 2.5mA quiescent current. Its laser- 
trimmed offset voltage preserves the +1/2LSB linearity of 

the AD7542KN without user trims and it typically settles 

to +1/2 LSB in less than 3ys. It will provide the 0 to -2.5 

volt output swing from +5 volt supplies. 
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Figure 10. Low Power, Low Voltage Reference for the 
AD7542 Microprocessor-Compatible 12-Bit DAC 


ANALOG 


ANALOG 
DEVICES 


High Precision 
10 Volt IC Reference 


FEATURES 

Laser-Trimmed to High Accuracy: 
10.000 Volts +5mV (L and U) 

Trimmed Temperature Coefficient: 
5ppm/°C max, 0 to +70°C (L) 
10ppm/°C max, -55°C to +125°C (U) 

Excellent Long-Term Stability: 
25ppm/1000 hrs. (Non-Cumulative) 

Negative 10 Volt Reference Capability 

Low Quiescent Current: 1.0mA max 

10mA Current Output Capability 

3-Terminal TO-5 Package 

Low Cost 


PRODUCT DESCRIPTION | 

The AD581 is a three-terminal, temperature compensated, 
monolithic band-gap voltage reference which provides a pre- 
cise 10.00 volt output from an unregulated input level from 
12 to 30 volts. Laser Wafer Trimming (LWT) is used to trim 
both the initial error at +25°C as well as the temperature 
coefficient, which results in high precision performance pre- 
viously available only in expensive hybrids or oven- regulated 
modules. The 5mV initial error tolerance and Sppm/‘C guar- 
anteed temperature coefficient of the AD581L represent the 
best performance combination available in a monolithic volt- 
age reference. 


The band-gap circuit design used in the AD581 offers several 
advantages over classical zener breakdown diode techniques. 
Most important, no external components are required to 
achieve full accuracy and stability of significance to low power 
systems. In addition, total supply current to the device, includ- 
ing the output buffer amplifier (which can supply up to 10mA) 
is typically 750uA. The long-term stability of the band-gap 
design is equivalent or superior to selected zener reference 
diodes. 


The AD581 is recommended for use as a reference for 8-, 10- 
or 12-bit D/A converters which require an external precision ref- 
erence. The device is also ideal for all types of A/D converters 
up to 14 bit accuracy, either successive approximation or inte- 
grating designs, and in general can offer better performance 
than that provided by standard self-contained references. 


The AD581J, K, and L are specified for operation from 0 to 
+70" C; the ADS581S, T, and U are specified for the -55°C to 
+125°C range. The AD581S, T, and U grades are also available 
processed to MIL-STD-883A, Level B. All grades are packaged 
in a hermetically-sealed three-terminal TO-5 metal can. 


*Covered by Patent Nos. 3,887,863; RE30,586 


AD981* 


AD581 PIN CONFIGURATION 


TO-5 
BOTTOM VIEW 


PRODUCT HIGHLIGHTS 
1, 


Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature with- 
out the use of external components. The AD581L has a 
maximum deviation from 10.000 volts of +7.25mV from 

0 to +70 C, while the AD581U guarantees +15mV maximum 
total error without external trims from -55°C to +125°C. 


. Since the laser trimming is done on the wafer prior to sepa- 


ration into individual chips, the AD581 will be extremely 
valuable to hybrid designers for its ease of use, lack of 
required external trims, and inherent high performance. 


. The AD581 can also be operated in a two-terminal ‘‘Zener”’ 


mode to provide a precision negative 10 volt reference with 
just one external resistor to the unregulated supply. The per- 
formance in this mode is nearly equal to that of the stand- _ 
ard three-terminal configuration. 


. Advanced circuit design using the band-gap concept dicws 


the AD581 to give full performance with an unregulated in- 
put voltage down to 13 volts. With an external resistor, the 
device will operate with a supply as low as 11.4 volts. 


VOLTAGE REFERENCES VOL. !. &-9 


cy 


SPECIFICATIONS (typical @ Viq = +15V and +25°C unless otherwise noted) 7 | 


MODEL ADS581) AD581K AD581L AD581S ADS81T AD581U 
ABSOLUTE MAX RATINGS | 
Input Voltage Vj, to Ground 40V ' . . * > 
Power Dissipation @ +25°C 600mW : : . : : 
Operating Junction Temp. Range -55°C to +150°C be i zs : e 
Storage Temperature Range -65°C to +175°C - - e : . 
Lead Temperature ; 
(Soldering, 10sec) +300°C . : . : 
Thermal Resistance ; 
Junction-to-Ambient 150°C/Watt : . . . 
Operating Temperature Range 0 to +70°C 7 : -55°C to +125°C ** ue 
OUTPUT VOLTAGE TOLERANCE 
(Error from nominal 10.000V output) +30mV max +10mV max +5mV max +30mV max +10mV max +5mV max 


OUTPUT VOLTAGE CHANGE 
Maximum Deviation from +25°C 


Value Ti, tO Trax +13.5mV +6.75mV +2.25mV +30mV +15mV +10mV 
(Temperature Coefficient) (30ppm/°C) (15ppm/°C) (Sppm/°C) (30ppm/°C) (15ppm/°C) (10ppm/°C) 
LINE REGULATION | 
15SV <V,, <30V 3mV max . : is - . 
(0.002%/V) 
13V SV <15V ImV max ‘ : r : . 


(0.005%/V) 
LOAD REGULATION 


0<Igy7 <5mMA 500uV/mA max x ; * * * 
200”UV/mA t * , * * * 
QUIESCENT CURRENT 1.0mA max * : * me 
750OuA t - : * * * 
NOISE 
(0.1 to 10Hz) 50uV p- * * * * * 
LONG-TERM STABILITY 25ppm/1000 Hrs. : : . : . 
(Non-Cumulative) 
SHORT CIRCUIT CURRENT 30mA . * * * * 
OUTPUT CURRENT 
Source @ +25°C 10mA min . * * * * 
Source T,,,, to a 5mA min by * * + * 
Sink Trin tO Tmax 5mA min 7 . 200A min =“ sie 
Sink -55°C to +85-C — = _ 5mA min bits be 
PACKAGE STYLE:?* TO-5 “HY * . * * * 


*Specifications same as AD581J. 
-**Specifications same as AD581S. 


See Figure 6. 
2 See Section 20 for package outline information. 


Specification subject to change without notice. 


VOL. 1.8-10 VOLTAGE REFERENCES 


APPLYING THE AD581 

The AD581 is easy to use in virtually all precision reference 
applications. The three terminals are simply primary supply, 
ground, and output, with the case grounded. No external com- 
ponents are required even for high precision applications; the 
degree of desired absolute accuracy is achieved simply by 
selecting the required device grade. The AD581 requires less 
than 1mA quiescent current from an operating supply rang 

of 12 to 30 volts. | 


+12V TO +40V 


+10.00V O 


Figure 1. AD581 Pin Configuration (Top View) 


An external fine trim may be desired to set the output level 

to exactly 10.000 volts within less than a millivolt (calibrated 
to a main system reference), System calibration may also re- 
quire a reference slightly different from 10,00 volts. In either 
case, the optional trim circuit shown in Figure 2 can offset the 
output by up to +30 millivolts (with the 22Q resistor), if 
needed, with minimal effect on other device characteristics. 
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Figure 2. Optional Fine Trim Configuration 


Figure 3. Simplified Schematic 
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Co 
VOLTAGE VARIATION vs. TEMPERATURE | 
Some confusion exists in the area of defining and scabies 
reference voltage error over temperature. Historically, refer- 
ences have been characterized using a maximum deviation per 
degree Centigrade; i.e., 10ppm/°C. However, because of non- 
linearities in temperature characteristics, which originated in 
standard zener references (such as ‘‘S”’ type characteristics) 
most manufacturers have begun to use a maximum limit error 


‘band approach to specify devices. This technique involves 


Wy 


measurement of the output at 3, 5 or more different tempera- 
tures to guarantee that the output voltage will fall within the 
given error band. The temperature characteristic of the AD581 
consistently follows the S-curve shown in Figure 4. Five-point 
measurement of each device guarantees the error band over the 
-55°C to +125°C range; three-point measurement guarantees 
the error band from 0 to +70°C. 


The error band which is guaranteed with the AD581 is the 
maximum deviation from the initial value at +25°C; this error 
band is of more use to a designer than one which simply guar- 
antees the maximum total change over the entire range (i.e., 

in the latter definition, all of the changes could occur in the 
positive direction). Thus, with a given grade of the AD581, the 
designer can easily determine the maximum total error from 
initial tolerance plus temperature variation (e.g., for the 
AD581T, the initial tolerance is +10mV, the temperature error 
band is +15mV, thus the unit is guaranteed to be 10,000 volts 
+25mV from -55°C to +125°C). 
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TEMPERATURE — °C 


Figure 4. Typical Temperature Characteristic 


OUTPUT CURRENT CHARACTERISTICS 

The AD581 has the capability to either source or sink current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur- 
rent into the load). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. output cur- 
rent characteristics of the device are shown in Figure 5. Source 
current is displayed as negative current in the figure; sink cur- 
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Figure 5. AD581 Output Voltage vs. Sink and Source Current 
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rent is positive. Note that the shert circuit current (i.e., zero 
volts output) is about 28mA; when shorted to +15 volts, the 
sink current goes to about 20mA. 


DYNAMIC PERFORMANCE 

Many low power instrument manufacturers are becoming in- 
creasingly concerned with the turn-on characteristics of the 
components being used in their systems. Fast turn-on compo- 
nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the AD581. This characteristic is generated from cold-start 
operation and represents the true turn-on waveform after an 
extended period with the supplies off. The figure shows both 
the coarse and fine transient characteristics of the device; the 
total settling time to within +1 millivolt is about 180us, and 
there is no long thermal tail appearing after the point. 
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Figure 7. Spectral Noise Density and Total rms Noise 
vs. Frequency 
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Figure 8. Quiescent Current vs. Temperature 


PRECISION HIGH CURRENT SUPPLY 

The AD581 can be easily connected with power pnp or power 
darlington pnp devices to provide much greater output current 
capability. The circuit shown in Figure 9 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
O.1uF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 
high frequency supply rejection results from removing the 
capacitor. 


ViN 2 15 Volts © 


4702 


2N6040 


4 Vout 
+10V @ 4 Amps 


Figure 9. High Current Precision Supply 


CONNECTION FOR REDUCED PRIMARY SUPPLY 

While line regulation is specified down to 13 volts, the typical 
AD581 will work as specified down to 12 volts or below. The 
current sink capability allows even lower supply voltage capa- 
bility such as operation from 12V +5% as shown in Figure 10. 
The 560Q resistor reduces the current supplied by the AD581 
to a manageable level at full 5mA load. Note that other band- 
gap references, without current sink capability, may be dam- 
aged by use in this circuit configuration. 


Figure 10, 12-Volt Supply Connection 


THE AD581 AS A CURRENT LIMITER 

The AD581 represents an alternative to current limiter diodes 
which require factory selection to achieve a desired current. 
This approach often results in temperature coefficients of 
1%/°C. The AD581 approach is not limited to a defined 

set current limit; it can be programmed from 0.75 to 5mA 
with the insertion of a single external resistor. Of course, the 
minimum voltage required to drive the connection is 13 volts. 
The AD580, which is a 2.5 volt reference, can be used in this 
type of circuit with compliance voltage down to 4.5 volts. 
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Figure 11. A Two-Component Precision Current Limiter 


NEGATIVE 10-VOLT REFERENCE 

The AD581 can also be used in a two-terminal “‘zener’”’ mode 
to provide a precision -10.00 volt reference. As shown in Fig- 
ure 12, the Vin and Vout terminals are connected together 
to the high supply (in this case, ground). The ground pin is 
connected through a resistor to the negative supply. The out- 
put is now taken from the ground pin instead of Voyy. With 
1mA flowing through the AD581 in this mode, a typical unit 
will show a 2mV increase in output level over that produced 
in the three-terminal mode: Note also that the effective output 
impedance in this connection increases from 0.292 typical to 
2 ohms. It is essential to arrange the output load and the sup- 
ply resistor, Rg, so that the net current through the AD581 is 
always between 1 and 5mA. The temperature characteristics 
and long-term stability of the device will be essentially the 


same as that of a unit used in the standard three-terminal 


mode. The operating temperature range is limited to -5 5°C 
to +85°C. 


The AD581 can also be used in a two-terminal mode to develop 
a positive reference. Vj, and Voyry are tied together and to 
the positive supply through an appropriate supply resistor. The 
performance characteristics will be similar to those of the neg- 
ative two-terminal connection. The only advantage of this con- 
nection over the standard three-terminal connection is that a 
lower primary supply can be used, as low as 10.5 volts. This 
type of operation will require considerable attention to load 
and primary supply regulation to be sure the AD581 always 
remains within its regulating range of 1 to 5mA. 


ANALOG 
GND 


Figure 12, Two-Terminal -10 Volt Reference 
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10 VOLT REFERENCE WITH MULTIPLYING CMOS D/A. __—_—_—=&PPRECCISION 12-BIT D/A CONVERTER REFERENCE 


OR A/D CONVERTERS | The AD562, like most D/A converters, is designed to operate 
The AD581 is ideal for application with the entire AD7520 = —_... with a +10 volt reference element. In the AD562, this 10 volt 
series of 10- and 12-bit multiplying CMOS D/A converters, reference voltage is converted into a reference current of ap- 
especially for low power applications. It is equally suitable for proximately 0.5mA via the internal 19.95kQ resistor (in series 
the AD7574 8-bit A/D converter. In the standard hook-up, as with the external 10092 trimmer), The gain temperature coef- 
shown in Figure 13, the +10 volt reference is inverted by the ficient of the AD562 is primarily governed by the temperature 
amplifier/DAC configuration to produce a 0 to -10 volt range. tracking of the 19.95kQ resistor and the 5k/10k span resistors; 
If an AD308 amplifier is used, total quiescent supply current this gain T.C. is guaranteed to 3ppm/°C. Thus, using the 

will typically be 2mA. If a 0 to +10 volt full scale range is AD581L (at 5ppm/°C) as the 10 volt reference guarantees a 
desired, the AD581 can be connected to the CMOS DAC in its maximum full scale temperature coefficient of 8ppm/°C over 
-10 volt “zener” mode, as shown in Figure 12 (the -10VpgEF the commercial range. The 10 volt reference also supplies the 
output is connected directly to the Vpgr yw of the CMOS normal 1mA bipolar offset current through the 9.95k bipolar 
DAC). The AD581 will normally be used in the -10 volt mode offset resistor. The bipolar offset T.C. thus depends only on 
with the AD7574 to give a 0 to +10 volt ADC range. This is the T.C. matching of the bipolar offset resistor to the input 
shown in Figure 14. Bipolar output applications and other reference resistor and is guaranteed to 3ppm/°C. 

operating details can be found in the data sheets for the 

CMOS products. 
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Figure 15. Precision 12-Bit D/A Converter 
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FEATURES 

Four Programmable Output Voltages: 
10.000V, 7.500V, 5.000V, 2.500V 

Laser-Trimmed to High Acouracies 

No External Components Required 

Trimmed Temperature Coefficient: 
Sppm/°C max, 0 to +70°C (AD584LH) 
15ppm/C max, -55°C to +125°C (AD584TH) 

Zero Output Strobe Terminal Provided 

Two Terminal Negative Reference 
Capability (5V & Above) 

Output Sources or Sinks Current 

Low Quiescent Current: 1.0mA max 

10mA Current Output Capability 

Low Cost 


PRODUCT DESCRIPTION 

The AD584 is an eight-terminal precision voltage reference 
offering pin-programmable selection of four popular output 
voltages: 10.000V, 7.500V, 5.000V and 2.500V. Other out- 
put voltages, above, below or between the four standard out- 
puts, are available by the addition of external resistors. Input 
voltage may vary between 4.5 and 30 volts. 


Laser Wafer Trimming (LWT) is used to adjust the pin-program- 
mable output levels and temperature coefficients, resulting in 
the most flexible high precision voltage reference available in 
monolithic form. 


In addition to the programmable output voltages, the AD584 
offers a unique strobe terminal which permits the device to be 
turned on or off. When the AD58¢4 is used as a power supply 
reference, the supply can be switched off with a single, low- 
power signal. In the “‘off’’ state the current drain by the 
ADS584 is reduced to about 100A. In the “on”’ state the total 
supply current is typically 750uA including the output buffer 
amplifier. 


The AD584 is recommended for use as a reference for 8-, 10- 
or 12-bit D/A converters which require an external precision ref- 
erence. The device is also ideal for all types of A/D converters 
of up to 14 bit accuracy, either successive approximation or 
integrating designs, and in general can offer better performance 
than that provided by standard self-contained references. 


The (ADS 84], K, and L are specified for operation from 0 to 
+70° C; the AD584S and T are specified for the -55°C to 
+125°C range. The AD581S and T grades are also available 
processed to MIL-STD-883B, Level B. All grades are packaged 
in a hermetically-sealed eight-terminal TO-99 metal can. . 


*Covered by U.S. Patent No. 3,887,863; RE 30,586 


Pin Programmable 


Precision Voltage Reference 


AD584* 


AD584 PIN CONFIGURATION 


COMMON 


TO-99 
TOP VIEW 


PRODUCT HIGHLIGHTS 
1. The flexibility of the AD584 eliminates the need to design- 


Zz. 


in and inventory several different voltage references. Further- 
more one AD584 can serve as several references simultane- 
ously when buffered properly. 

Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature with- 
out the use of external components. The AD584LH has a 
maximum deviation from 10.000 volts of +7.25mV from 

0 to +70°C. 


. The AD584 can be operated in a two-terminal ‘“‘Zener”’ 
-mode at 5 volts output and above. By connecting the input 


and the output, the AD584 can be used in this “Zener”’ 
configuration as a Negative reference. 


. The output of the AD58¢4 is configured to sink or source 


currents. This means that small reverse currents can be 
tolerated in circuits using the AD584 without damage to 
the reference and without disturbing the output voltage 
(10V, 7.5V and 5V outputs). 
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SPECIFICATIONS ‘Repeal @ Vin = +15V:and +25°C unless otherwise noted) 


MODEL . ADS 84) H AD584KH AD584LH AD584SH AD584TH 
ABSOLUTE MAX RATINGS 
Input Voltage Vin to Ground 40V * . ag : 
Power Dissipation @ +25°C 600mW \ a 7 = 
Operating Junction Temp. Range -55°C to +150°C i . ‘ i 
Storage Temperature Range -65°C to +175°C 7. > . * 
Lead Temperature 
Soldering, 10sec) +300°C ; ° : . 
Thermal Resistance _ 
Junction-to-Ambient 150°C/Watt = . * . 
Operating Temperature Range 0 to +70°C . i -55°Cto +125°C ** 
OUTPUT VOLTAGE TOLERANCE 
Maximum Error! for Nominal 
Outputs of: 
10.000V +30mV +10mV t5mV +30mV +10mV 
7.500V +22mV +8mV +4mV +22mV +8mV 
5.000V +15mV t6mvV +3mV +15mV +6mV 
2.500V +7.5mV +3.5mV +2.5mV +7.5mV +3.5m 
OUTPUT VOLTAGE CHANGE | 
Maximum Deviation from +25°C 
Value, Tmin to Tmax? 
10.000, 7.500, 5.000V Outputs 30ppm/°C 1Sppm/°C Sppm/°C 30ppm/°C 1Sppm/°C 
2.500V Output 30ppm/ C 1Sppm/ C 10ppm/ C 30ppm/C 20ppm/ C 
Differential Temperature - 
Coefficients Between Outputs Sppm/°C typ 3ppm/C typ 3ppm/°C typ Sppm/°C typ 3ppm/°C typ 
QUIESCENT CURRENT 1.0mA max . * 7 
750uA typ : - . . 
Temperature Variation 1.5uA/°C typ : e > ig 
TURN-ON SETTLING TIME TO 0.1%  200us : = = o 
NOISE 
(0.1 to 10Hz) SOV p-p ‘ . i . 
LONG-TERM STABILITY 25ppm/1000 Hrs. G : : : 
(Non-Cumulative) 
SHORT CIRCUIT CURRENT 30mA oe soe 7 . 7 
LINE REGULATION (No Load) 
1SV<Vin S30V 0.002%/V . . - ‘ 
(Vout +2.5V) <Vin<15V 0.005%/V . : * . 
LOAD REGULATION 
0<lout <5mA, All Outputs 5Oppm/mA max = . . 
(20ppm/mA typ) * * * * 
OUTPUT CURRENT 
Vin 2 Vout +2.5V 
Source @ +25°C 10mA min > 5 i 
Source Tmin tO Tmax 5mA min . . : 
Sink Tmin to Tmax 5mA min * ss 200A min =e 
Sink -55°C to +85°C - - o> 5mA min es 
PACKAGE STYLE:° ; 
TO-99 Style (HO8A) : H : oe « ba 


*Specifications same as ADS84JH. 

**Specifications same as AD584SH. 

‘At Pin 1. 

2 Calculated as average over the operating temperature range. 

* See Section 20 for package outline information. 
Specifications supject to change without notice. 
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APPLYING THE AD584 

With power applied to pins 8 and 4 and all other pins open the 
AD5 84 will produce a buffered nominal 10.0V output between 
pins 1 and 4 (see Figure 1). The stabilized output voltage 

may be reduced to 7.5V,5.0V or 2.5V by connecting the 
programming pins as follows: 


OUTPUT VOLTAGE PIN PROGRAMMING 


7.5V Join the 2.5V and 5.0V pins (2) 
and (3). 
5.0V Connect the 5.0V pin (2) to the 
‘ output pin (1). 
2.5V Connect the 2.5V pin (3) to the 


output pin (1). 


The options shown above are available without the use of any 
additional components. Multiple outputs using only one 
AD584, are also possible by simply buffering each voltage 
programming pin with a unity-gain noninverting op amp. 


VsuPPLY 


“THE 2.5V TAP IS USED INTERNALLY AS A BIAS POINT 
AND SHOULD NOT BE CHANGED BY MORE THAN 100mV 
IN ANY TRIM CONFIGURATION. 


Figure 1. Variable Output Options 


The AD584 can also be programmed over a wide range of out- 
put voltages, including voltages greater than 10V, by the ad- 
dition of one or more external resistors. Figure 1 illustrates 
the general adjustment procedure, with approximate values 
given for the internal resistors of the AD584. The AD584 may 
be modeled as an op amp with a noninverting feedback con- 
nection, driven by a high stability 1.215 volt bandgap refer- 
ence (see Figure 3 for schematic). 


When the feedback ratio is adjusted with external resistors, the 
output amplifier can be made to multiply the reference voltage 
by almost any convenient amount, making popular outputs of 
10.24V, 5.12V, 2.56V or 6.3V easy to obtain. The most gener- 
al adjustment (which gives the greatest range and poorest reso- 
lution) uses R1 and R2 alone (see Figure 1). As R1 is adjusted 
to its upper limit the 2.5V pin 3 will be connected to the out- 
put, which will reduce to 2.5V. As R1 is adjusted to its lower 
limit, the output voltage will rise to a value limited by R2. For 
example, if R2 is about 6kQ, the upper limit of the output 
range will be about 20V even for large values of R1. R2 should 


not be omitted; its value should be chosen to limit the output 

to a value which can be tolerated by the load circuits. If R2 is 

zero, adjusting R1 to its lower limit will result in a loss of 

control over the output voltage. If precision voltages are re- 

quired to be set at levels other than the standard outputs, the 

20% absolute tolerance in the internal resistor ladder must be 
accounted for. ce e 


Alternatively, the output voltage can be raised by loading the ¥ 
2.5V tap with R3 alone. The output voltage can be lowered by _ 
connecting R4 alone. Either of these resistors can be a fixed | 
resistor selected by test or an adjustable resistor. In all cases . 4 
the resistors should have a low temperature coefficient to - 3 
match the AD584 internal resistors, which have a negative T.C. 

less than 60ppm/°C. If both R3 and R4 are used, these resistors 

should have matched temperature coefficients. 


‘When only small adjustments or trims are required, the circuit 


of Figure 2 offers better resolution over a limited trim range. 

The circuit can be programmed to 5.0V, 7.5V or 10V and 

adjusted by means of R1 over a range of about t+200mV. To 8 
trim the 2.5V output option, R2 (Figure 2) can be reconnected & 

to the bandgap reference (pin 6). In this configuration, the 
adjustment should be limited to £100mV in order to avoid | 
affecting the performance of the AD584. 


_ Figure 3. Schematic Diagram 
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Performance of the AD984 


PERFORMANCE OVER TEMPERATURE 


Each AD58¢4 is tested at five temperatures over the -55°C to 
+125°C range to ensure that each device falls within the 
Maximum Error Band (see Figure 4) specified for a particular 
grade (i.e., S and T grades); three-point measurement guaran- 
tees performance within the error band from 0 to +70°C (i.e., 
J, K, or L grades). The error band guaranteed for the AD584 
is the maximum deviation from the initial value at +25°C. 
Thus, given the grade of the AD584, the designer can easily 
determine the maximum total error from initial tolerance plus 
temperature variation. For example, for the AD584T, the 
initial tolerance is +10mV and the error band is +15mV. 
Hence, the unit is guaranteed to be 10.000 volts +25mV from 
-55°C to +125°C. 


10.005 


Vout - 40.000 
Volts 


9.996 
-55 0 25 70 128 


TEMPERATURE - °C 


Figure 4. Typical Temperature Characteristic 


OUTPUT CURRENT CHARACTERISTICS 

The AD584 has the capability to either source or sink current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur- 
rent into the load). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. output cur- 
rent characteristics of the device is shown in Figure 5. Source 
current is displayed as negative current in the figure; sink cur- 
rent is positive. Note that the short circuit current (i.e., zero 
volts output) is about 28mA; when shorted to +15 volts, the 
sink current goes to about 20mA. | 
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Figure 5. AD584 Output Voltage 
vs. Sink and Source Current 
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DYNAMIC PERFORMANCE 
Many low power instrument manufacturers are becoming in- 
creasingly concerned with the turn-on characteristics of the 


- components being used in their systems. Fast turn-on compo- 


nents often enable the end user to keep power off when not 
needed, and yet respond quickly when the power is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the AD584. Figure 6a is generated from cold-start operation 
and represents the true turn-on waveform after an extended 
period with the supplies off. The figure shows both the coarse 
and fine transient characteristics of the device; the total settling 
time to within +1 millivolt is about 180us, and there is no 

long thermal tail appearing after the point. 
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Figure 6. Output Settling Characteristic 


NOISE FILTERING 

The bandwidth of the output amplifier in the AD584 can be 
reduced to filter the output noise. A capacitor ranging between 
0.01uF and 0.1uF connected between the Cap and Vgc termi- 
nals will further reduce the wideband and feedthrough noise 
in the output of the AD584, as shown in Figure 8. 
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Figure 7. Additional Noise Filtering 


with an External Capacitor 
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Figure 8. Spectral Noise Density and Total rms Noise 
vs. Frequency 


USING THE STROBE TERMINAL 

The AD584 has a strobe input which can be used to zero the 
output. This unique feature permits a variety of new applica- 
tions in signal and power conditioning circuits. 


Figure 9 illustrates the strobe connection. A simple NPN 
switch can be used to translate a TTL logic signal into a strobe 
of the output. The AD584 operates normally when there is 

no current drawn from pin 5. Bringing this terminal low, to 
less than 200mV, will allow the output voltage to go to zero. 
In this mode the AD584 should not be required to source or 
sink current (unless a 0.7V residual output is permissible). If 


the AD58¢4 is required to sink a transient current while strobed 


off, the strobe terminal input current should be limited by a 
10022 resistor as shown in Figure 9. 


The strobe terminal will tolerate up to 5uA leakage and its 
driver should be capable of sinking 500uA continuous. A low 
leakage open collector gate can be used to drive the strobe 
terminal directly, provided the gate can withstand the AD584 
output voltage plus one volt. 


Figure 9. Use of the Strobe Terminal 


PRECISION HIGH CURRENT SUPPLY 


The ADS584 can be easily connected to a power PNP or power 
Darlington PNP device to provide much greater output current 
capability. The circuit shown in Figure 10 delivers a precision 
10 volt output with up to 4 amperes supplied to the load. The 
0.1uF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 
high frequency supply psceen results from removing the 
capacitor. 


o Vout 
+10V @ 4 Amps 


Figure 10. High Current Precision Supply 


The AD584 can also use an NPN or Darlington NPN transistor 
to boost its output current. Simply connect the 10V output 
terminal of the AD584 to the base of the NPN booster and take 
the output from the booster emitter as shown in Figure 11. 
‘The 5.0V or 2.5V pin must connect to the actual output in 
this configuration. Variable or adjustable outputs (as shown in 
Figures 1 and 2) may be combined with +5.0V connection to 
obtain outputs above +5.0V. 


THE AD584 AS A CURRENT LIMITER 
The AD584 represents an alternative to current limiter diodes 
which require factory selection to achieve a desired current. 


Use of current limiting diodes often results in temperature 
coefficients of 1%/°C. Use of the. AD584 in this mode is not 
limited to a set current limit; it can be programmed from 0.75 
to 5mA with the insertion of a single external resistor (see 
Figure 12). Of course, the minimum voltage required to drive 
the connection is 5 volts. 
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Figure 12. A Two-Component Precision Current Limiter 


ANALOG 
GNO 


Figure 13. Two-Terminal -5 Volt Reference 


NEGATIVE REFERENCE VOLTAGES FROM AN AD584 — 
The AD584 can also be used in a two-terminal “‘zener’’ mode 
to provide a precision -10, -7.5 or -5.0 volt reference. As 
shown in Figure 13, the Vjy and Vout terminals are con- 
nected together to the positive supply (in this case, ground). 
The AD584 common pin is connected through a resistor to the 
negative supply. The output is now taken from the common 
pin instead of Voyr. With 1mA flowing through the AD584 in 
this mode, a typical unit will show a 2mV increase in output 
level over that produced in the three-terminal mode. Note also 
that the effective output impedance in this connection in- 
creases from 0.22 typical to 22. It is essential to arrange 

the output load and the supply resistor, Rs, so that the net 
current through the AD584 is always between 1 and 5mA. The 
temperature characteristics and long-term stability of the de- 
vice will be essentially the same as that of a unit used in the 
standard three-terminal mode. The operating temperature range 
is limited to -55°C to +85°C. 


The AD584 can also be used in a two-terminal mode to develop 
a positive reference. Vij and VourT are tied together and to 
the positive supply through an appropriate supply resistor. The 
performance characteristics will be similar to those of the neg- 
ative two-terminal connection. The only advantage of this con- 
nection over the standard three-terminal connection is that a 
lower primary supply can be used, as low as 0.5 volts above 
the desired output voltage. This type of operation will require 
considerable attention to load and primary supply regulation 
to be sure the AD584 always remains within its regulating 
range of 1 to SmA. 


VOLTAGE REFERENCES VOL. I, 8-19 


ae 


10 VOLT REFERENCE WITH MULTIPLYING CMOS D/A -15V +5V 
OR A/D CONVERTERS | 
The AD584 is ideal for application with ies entire AD7520 
series of 10- and 12-bit multiplying CMOS D/A converters, 

_ especially for low power applications, It is equally suitable for 
the AD7574 8-bit A/D converter. In the standard hook-up as 
shown in Figure 14, the standard output voltages are inverted by 
the amplifier/DAC configuration to produce converted voltage 
ranges. For example, a +10V reference produces a 0 to -10V 


AD7574_—s ig 
ao (TOP VIEW) 


DIGITAL 
SUPPLY 
RETURN 


range. If an AD308 amplifier is used, total quiescent supply GROUND 

current will typically be 2mA. The AD584 will normally be REE eNO NCE OMITTED IE GAIN TRIM 

used in the -10 volt mode with the AD7574 to give a 0 to +10 ; : 

volt ADC range. This is shown in Figure 16. Bipolar output Figure 16. AD584 as Negative 10 Volt Reference for 

applications and other operating details can be found in the CMOS ADC 

data sheets for the CMOS products. guarantees a maximum full scale temperature coefficient of 
+15V 8ppm/°C over the commercial range. The 10 volt reference 


also supplies the normal 1mA bipolar offset current through 
the 9.95k bipolar offset resistor. The bipolar offset T.C. thus 
depends only on the T.C. matching of the bipolar offset resis- 
tor to the input reference resistor and is guaranteed to 3ppm/“C. 
Figure 17 demonstrates the flexibility of the AD584 applied 
to another popular D/A configuration. 
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Figure 14. Low Power 10-Bit CMOS DAC Application ABO 


AGO 
PRECISION D/A CONVERTER REFERENCE Aj 
The AD562, like many D/A converters, is designed to operate AN ICSBIC 
with a +10 volt reference element (Figure 15). In the AD562, Patine 
this 10 volt reference voltage is converted into a reference cur- . 


rent of approximately 0.5mA via the internal 19.95kQQ resistor 
(in series with the external 10092 trimmer). The gain tempera- 
ture coefficient of the AD562 is primarily governed by the MEE 

temperature tracking of the 19.95kQ resistor and the 5k/10k . Figure 17. Current Output 8-Bit D/A 
span resistors; this gain T.C. is guaranteed to 3ppm/°C. Thus, 

using the AD584L (at Sppm/°C) as the 10 volt reference 


-15V +5/+15V 


CONTROL AMP 


+15V 
O 


JUNCTION © 


e 
GAIN ADJ. oP AMP 
) 


+10V 


R4 
20k, 15T 
COMMON 


UNIPOLAR 
OFFSET ADJ. 


l R1 


10082, 1 
BIPOLAR OFFSET ADJ. 


A = ANALOG GROUND 


Figure 15, Precision 12-Bit D/A Converter 
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FEATURES 

Superior Replacement for Other 1.2V References 

Wide Operating Range: 50uA to 5mA 

Low Power: 60UW Total Pp at 50uA 7 | 

Low Temperature Coefficient: V+ 
10ppm/°C max, 0 to +70°C (AD589M) i. 
25ppm/°C max, -55°C to +125°C (AD589U) 

Two Terminal ‘‘Zener’’ Operation 

Low Output Impedance: 0.62 

No Frequency Compensation Required 


AD589 FUNCTIONAL BLOCK DIAGRAM 


Low Cost ; 
V- ie 
BOTTOM VIEW _ 8 
PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS . 
The AD5839 is a two-terminal, low cost, temperature com- 1. The AD5839 is a two-terminal device which delivers a 


pensated bandgap voltage reference which provides a fixed 
1,23V output voltage for input currents between 50uUA and 
5.0mA. 


The high stability of the AD589 is primarily dependent upon 


the matching and thermal tracking of the on-chip components. 


Analog Devices’ precision bipolar processing and thin-film 
technology combine to provide excellent performance at 
low cost. 


Additionally, the active circuit produces an output impedance 
ten times lower than typical low-TC zener diodes. This fea- 
ture allows operation with no external components required 
to maintain full accuracy under changing load conditions. 


The AD5839 is available in seven versions. The AD589J, K, L 
and M grades are specified for 0 to +70 C operation, while 
the S, T and U grades are rated for the full -55°C to +125°C 
temperature range. Processing to MIL-STD-883B is available 
on the three military grades. 


a constant reference voltage for a wide range of input 
current. 


. Output impedance of 0.622 and temperature coefficients 


as low as 10ppm/°C insure stable output voltage over a 
wide range of operating conditions. 


. The AD589 can be operated as a positive or negative 


reference. ‘‘Floating”’ operation is also possible. 


. The AD589 will operate with total current as low as 5OUA 


(60uW total power dissipation), ideal for battery powered 
instrument applications. 


. The AD589S, T, and U grades are available screened to the 


requirements of MIL-STD-883, Method 5004, Level B. 


. The AD589 is an exact replacement for other 1.2V ref- 


erences, offering superior temperature performance and 
reduced sensitivity to capacitive loading. 
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SPECIFICATIONS | (typical @ In = S00uA and Ta = 25°C unless otherwise noted) 


Model AD589J AD589K ADS589L — AD5 89M AD589S ADS89T AD589U 
ABSOLUTE MAXIMUM RATINGS ‘ : A 
Current 10mA . : . : : 
Reverse Current 10mA 7 : : : 
Power Dissipation’ 125mW , ° : ss s : . 
Storage Temperature Range -65 C to +175.C 4 : * : : : 
Operating Junction Temperature Range -55°Cto+150C * . : ° 
Lead Temperature (Soldering, 10sec) 300°C 4 : . e 5 : 7 - 
Operating Temperature Range 0 to +70 C i i - “55° Cto+l25C ** 
OUTPUT VOLTAGE 1.200V min i i 
1.235V typ . 7 : - 
1,250V max . i c 
OUTPUT VOLTAGE CHANGE vs. CURRENT . r . 
(SOuA - 5mA) 5mV max - . . 
TE er ne eee 
DYNAMIC OUTPUT IMPEDANCE : 0.62 typ . * 4 . ‘ . 
: 22 max s % ? s s . 
RMS NOISE VOLTAGE 2 : : 
10Hz <f < 10kHz Suv - * i . 
TEMPERATURE COEFFICIENT: — ppm/ Cc 100 max 50 max 25 max 10 max 100 max 50 max 25 max 
ATIDRIAAKE OD ETINI- GNALEOEA IE Bice eg 
TURN-ON SETTLING TIME TO 0.1% 25s 7 : * 3 
OPERATING CURRENT? 50uA min . ? . 
5mA max + ' . - 
PACKAGE STYLE:* H2A H : : ‘ ce SS : . 
- NOTES 


_' Absolute maximum power dissipation is limited by maximum current through the 
device. Maximum rating at elevated temperatures must be computed assuming 
T)< 150°C, and 6yA = 400°C/W. 
? See following page for explanation of temperature coefficient measurement method. 
* Optimum performance is obtained at currents below SOQuA. 
Stray shunt capacitances should be minimized. If strays cannot be 
avoided, a shunt capacitor of at least 1000pF is recommended. 
“See Section 20 for package outline information. 


*Specifications same as AD589J. 
**Specifications same as ADS89S. 
Specifications subject to change without notice. 
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| Understanding the AD589 Specifications | 


VOLTAGE VARIATION vs. TEMPERATURE DYNAMIC PERFORMANCE 

Some confusion exists in the area of defining and specifying Many low power instrument manufacturers are becoming in- 

reference voltage error over temperature. Historically, refer- creasingly concerned with the turn-on characteristics of the 

ences have been characterized using a maximum deviation per components being used in their systems, Fast turn-on compo- 

degree Centigrade; i.e., 10ppm/°C. However, because of non- nents often enable the end user to keep power off when not 

linearities in temperature characteristics, which originated in needed, and yet respond quickly when the power is turned on 

standard zener references (such as “S’’ type characteristics) for operation. Figure 3 displays the turn-on characteristic of 

most manufacturers have begun to use a maximum limit error the AD589. This characteristic is generated from cold-start 

band approach to specify devices. This technique involves operation and represents the true turn-on waveform after an 
measurement of the output at 3, 5 or more different tempera- extended period with the supplies off. The figure shows both 

tures to guarantee that the output voltage will fall within the the coarse and fine transient characteristics of the device; the | 
given error band. The temperature characteristic of the AD589 total settling time to within +1 millivolt is about 25us, and ¥ 
consistently follows the curve shown in Figure 1. Three-point there is no long thermal tail appearing after that point. 


measurement guarantees the error band over the specified 
temperature range. The temperature coefficients specified on 
page 2 represent the slopes of the diagonals of the error band 
from +25°C to Tmin and +25°C to Tmax: 
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Figure 1. Typical AD589 Temperature Characteristics 


V+ 
R6 

N 
E 

i hie 

i=J 

| 

; Su AS 
Ww ‘ 
a 

a 

< 

fe ag 
oO 

Lrt) 

a 

Ww 

o 

[o) 

2 

FREQUENCY — Hz V- 
Figure 2. Noise Spectral Density Figure 4. Schematic Diagram 
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APPLICATION INFORMATION | 

The AD589 functions as a two-terminal shunt-type regulator. 
It provides a constant 1.23V output for a wide range of input 
current from 504A to 5mA. Figure 5 shows the simplest con- 
figuration for an output voltage of 1.2V or less, Note that no 
frequency compensation is required. If additional filtering is 
desired for ultra low noise applications, minimum recom- 
mended capacitance is 1000pF. 


+5V 


+ 
10k2.— Vout 


Figure 5. Basic Configuration for 1.2V or Less 


The AD589 can also be used as a building block to generate 
other values of reference voltage. Figure 6 shows a circuit 
which produces a buffered 10V output. Total supply current 
for this circuit is approximately 2mA. 


4V 0.01uF 
AD108A 


Figure 6. Single-Supply Buffered 10V Reference 


The low power operation of the AD589 makes it ideal for use 
in battery operated portable equipment. It is especially useful 
as a reference for CMOS analog-to- digital converters, Figure 7 
shows the AD589 used in conjunction with two papery inte- 
grating type CMOS A/D converters. 
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b. With 7107 Panel Meter A/D 
Figure 7. AD589 Used as Reference for CMOS A/D Converters 


The AD589 also is useful as a reference for CMOS multi- 
plying DACs such as the AD7533. These DACs require a 
negative reference voltage in order to provide a positive out- 
put range. Figure 8 shows the AD589 used to supply an equiv- 
alent -1.0V reference to an AD7533. 


Figure 8. AD589 as Reference for 10-Bit ChOS DAC 


JANALOG : Low Cost, Precision 
DEVICES 25 Volt IC Reference 


AD1403 /AD1403A" 


FEATURES 
eG ie AD1403/AD1403A 

Laser Trimmed to High Accuracy: 2.500V +10mV (AD1403A) PUNCHONAL BEeck ines 4 
Excellent Temperature Stability: 25ppm/°C (AD1403A) ) 
Low Quiescent Current: 1.5mA max 

Low Cost 

Convenient MINI-DIP PACKAGE 


8-PIN MINI-DIP 


PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 

The AD1403 and AD1403A are improved three-terminal, low 1, The AD1403A offers improved initial tolerance over the 
cost, temperature compensated, bandgap voltage references industry-standard 1403A: +10mV versus +25mV at a 

that provide a fixed 2.5V output voltage for inputs between lower cost. 

4.5V and 40V. A unique combination of advanced circuit de- 2. The three-terminal voltage in/voltage out operation of the 
sign and laser-wafer-trimmed thin-film resistors provides the AD1403/AD1403A provides a regulated output voltage 
AD1403/AD1403A with an initial tolerance of +10mV and a without any external components. 

temperature stability of better than 25ppm/°C. In addition, 3. The AD1403/AD1403A provides a stable 2.5V output 

the low quiescent current drain of 1.5mA (max) offers a clear voltage for input voltages between 4.5V and 40V making 
advantage over classical zener techniques. these devices ideal for systems that contain a single logic 
The AD1403 or AD1403A is recommended as a stable refer- supply. 

ence for all 8-, 10- and 12-bit D-to-A converters that require 4. Thin film resistor technology and tightly controlled bipolar 
an external reference. In addition, the wide input range of the processing provide the AD1403A with temperature stabili- 
AD1403/AD1403A allows operation with 5 volt logic supplies, ties of 25ppm/°C. 

making these devices ideal for digital panel meter applications 5. The low 1.5mA maximum quiescent current drain of the 
and when only a single logic supply is available. AD 1403 and AD1403A makes them ideal for CMOS and 
The AD1403 and AD1403A are specified for operation over other low power applications. 


the 0 to +70°C temperature range. The AD580 series of 2.5 
volt precision IC references is recommended for applications 
where operation over the -55°C to +125°C range is required. 


*Covered by Patent Numbers: 3,887,863; RE30,586. 
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SPECIFICATIONS (Vin = 15V, - = cae otherwise noted) 


Output Voltage 
(Io = OmA) 
AD1403 
AD1403A 


Temperature Coefficient of Output Voltage 
AD1403 
AD1403A 


Output Voltage Change, 0 to +70°C 
AD1403 
AD1403A 
Line Regulation 
(15V<Vin“40V) 
(4.55VinS15V) 


Load Regulation 
| (OmA<Ig<10mA) 
Quiescent Current 
(Io = OmA) 


Symbol 
input Voltage 


Storage Temperature -25 to 100 
Junction Temperature +175 


J 
Operating Ambient 
Temperature Range Ta 0 to +70 °C 


Specifications subject to change without notice. 


ORDERING INFORMATION 


Device __| initial Tolerance | Package Style 


1 
_ 


See Section 20 for package outline information, 


Figure 1. AD1043/AD 1403A Functional Diagram 
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AVout, CHANGE IN OUTPUT VOLTAGE — mV AVout, CHANGE IN Vout — mV 


\, QUIESCENT CURRENT — mA 


Vin, INPUT VOLTAGE — Volts 


Figure 2. Typical Change in VouT vs. VIN 
(Normalized to VoUT @ Vin = 15V @ Tc = 25°C) 


lout, OUTPUT CURRENT —mA 


Figure 3. Change in Output Voltage vs. Load Current 
(Normalized to VouT @ Vin = 15V, loUT = OMA) 


Ta, TEMPERATURE — °C 


Figure 4, Quiescent Current vs. Temperature 
(VIN = 15V, louT = OmA) 


AVout, CHANGE IN Vout — mV 


AVout, CHANGE IN Vout — mV 


Ta, TEMPERATURE — °C 


Figure 5. Change in VOUT vs. Temperature 
(Normalized to VoUuT @ Vin = 15V) 


Ta, TEMPERATURE — °C 


Figure 6. Change in VOUT vs. Temperature 
(Normalized to VoUT @ Vin = 15V, louT = OMA) 
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Applying the AD1403/AD1403A 


VOLTAGE VARIATION VS. TEMPERATURE AND LINE 
Some confusion exists in the area of defining and specifying 
reference voltage error over temperature. Historically, refer- 
ences are characterized using a maximum deviation per degree 
Centigrade; i.e., 1Oppm/°C. However, because of the inconsis- 
tent nonlinearities in zener references (butterfly or “‘S” type 
characteristics), most manufacturers use a maximum limit 
error band approach to characterize their references. This tech- 
nique measures the output voltage at 3 to 5 different tempera- 
_-tures and guarantees that the output voltage deviation will fall 
within the guaranteed error band at these discrete tempera- 
tures. This approach, of course, makes no mention or guarantee 
of performance at any other temperature within the operating 
temperature range of the device. | 


The consistent Voltage vs. Temperature performance of a typi- 
cal AD1403 is shown in Figure 5. Note that the characteristic 
is quasi-parabolic, not the possible ‘“‘S” type characteristics of 
classical zener references. This parabolic characteristic permits 
a maximum output deviation specification over the device’s 
full operating temperature range, rather than just at 3 to 5 
discrete temperatures, 


The AD1403 exhibits a worst-case shift of 7.5mV over the en- 
tire range of operating input voltage, 4.5 volts to 40 volts. 
Typically, the shift is less than 1mV as shown in Figure 2. 


THE AD1403A AS A LOW POWER, LOW VOLTAGE 
PRECISION REFERENCE FOR DATA CONVERTERS 

The AD1403A has a number of features that make it ideally 
suited for use with A/D and D/A data converters used in com- 
plex microprocessor-based systems. The calibrated 2.500 volt 
output minimizes user trim requirements and allows operation 
from a single low voltage supply. Low power consumption 
(1.5mA quiescent current) is commensurate with that of 
CMOS-type devices, while the low cost and small package 
complements the decreasing cost and size of the latest 
converters. 


SYSTEM 
DATA 
BUS 


AD7524 
DAC 


GAIN 
ADJUST 


3 


Figure 7. Low Power, Low Voltage Reference for the AD7524 
Microprocessor-Compatible 8-Bit DAC 
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Figure 7 shows the AD1403A used as a reference for the 
AD7524 low-cost 8-bit CMOS DAC with complete micro- 
processor interface. The AD1403A and the AD7524 are 
specified to operate from a single 5 volt supply; this elimi- 
nates the need to provide a +15 volt power supply for the sole 
purpose of operating a reference. The AD7524 includes an 


_ 8-bit data register, and address decoding logic; it may thus be 


interfaced directly to an 8- or 16-bit data bus. Only 300HA of 
quiescent current from the single +5 volt supply is required 

to operate the AD7524 which is packaged in a small 16 pin 
DIP. The AD542 output amplifier is also low power, requiring 
only 1.5mA quiescent current. Its laser-trimmed offset voltage 
preserves the +1/2LSB linearity of the AD7524KN without 
user trims and it typically settles to +1/2LSB in less than 5 
microseconds. It will provide the 0 volt to -2.5 volt output 
swing from +5 volt supplies. 


THE AD1403 AS A PRECISION PROGRAMMABLE 
CURRENT SOURCE 

The AD1403 is an excellent building block for precision 
current sources. Its wide range of operating voltages, 4.5V to 
40V, along with excellent line regulation over that range 
(7.5mV) result in high insensitivity to varying load impedances. 
The low quiescent current (Ij) of 1.5mA (max) and the maxi- 
mum specified maximum load current of 10mA allows the 
user to program current to any value between 1.5mA and 
10mA. 


‘Figure 8a shows the AD1403 connected as a current source. 


Total current is equal to the quiescent current plus the load 
current. Most of the temperature coefficient comes from the 
quiescent current term Ij, which has a typical TC of 0.13%/°C 
(1300ppm/°C). The load voltage (and hence current) TC is 
much lower at +40ppm/°C max (AD1403). Therefore, the over-- 
all temperature coefficient decreases rapidly as the load cur- 
rent is increased. Figure 8a shows the typical temperature 
coefficient for currents between 1.5mA and 10mA. Use of an 
AD1403A will not improve the TC appreciably. 


Vin = 15V 
| IL =0 TO 10mA 
_ 2.50V 
ty ‘Race 
1.0mA (typ) SET 


| source =''*+'L a soy 
= 1,0mA + ——. 
me RSE 


Figure 8a. The AD1403 as a Precision Programmable 
Current Source 
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Figure 8b. Typical Temperature Coefficient of Current 
Source 


ANALOG es || Volt Precision 
DEVICES | Reference Series 


FEATURES 

Very High Accuracy: 10.000 Voits +2.5mV (L and U) AD2700 SERIES FUNCTIONAL BLOCK DIAGRAMS 

Low Temperature Coefficient: 3ppm/C 
Performance Guaranteed -55 C to +125°C abe ARINE rene ARNE is . 
10mA Output Current Capability : 

Low Noise 


Short Circuit Protected 


14-PIN DIP 8 


PRODUCT DESCRIPTION All three devices are offered in ‘‘J” and “‘L” grades for opera- 
The AD2700 family of precision 10 volt references offer the tion from -25°C to +85 C and “S”’ and “‘U” grades for the 
user excellent accuracy and stability at a moderate price by -55 Cto +125 C temperature range. 


combining the recognized advantages of thin film technology 
and active laser trimming. The low temperature drift 
(3ppm/°C) achieved with these technologies can be matched 
only by the use of ovens, chip heaters for temperature regu- 
lation, or with hand selected components and manual trim- 


ming. In addition, temperature-regulated devices are guaran- AD2700 +10.000V 
teed only up to +85 °C operation, whereas the U- and S-grade . AD2701 -10.000V 
devices in the AD2700 family are guaranteed to +125 °C. The AD2702 +10.000V 


AD2700U and AD2700S series are also available with 
screening to MIL-STD-883A, Class B. 


The AD2700 is a +10 volt reference which is designed to 
interface with high accuracy bipolar D/A converters of 10 
and 12 bit resolution. The 10mA output drive capability 

also makes the AD2700 ideal for use as a general positive 
system reference. 


The AD2701 is a negative 10 volt reference especially de- 
signed to interface with CMOS D/A and A/D converters, as 
shown in the applications. For systems requiring a dual tracking 
reference, the AD2702 offers both positive and negative preci- 
sion 10 volt outputs in a single package. 
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SPECIFICATIONS (maximum or minimum @ Ejy +15V @+25°C, RL = 2kQ unless otherwise sail 
| 7 L s} | U! 


MODEL | J 
ABSOLUTE MAX RATINGS 
Input Voltage (for applicable supply) +20V . 
Power Dissapation @ +25°C — AD2700,01 300mW . . . 
—AD2702 450mW * * : 
Operating Temperature Range -25°C to +85°C . -55°C to +125°C os 
Storage Temperature Range -65°C to +150 C ; r , . 
Lead Temperature (soldering, 10s) +300°C i . 
Short Circuit Protection (to GND) Continuous a ig = 
OUTPUT VOLTAGE 
AD2700 10.000V +0.005V +0.0025V . a 
AD2701 | -10.000V +0.005V +0.0025V ; ad 
AD2702 +10.000V +0.005V +0.0025V . ‘ai 
OUTPUT CURRENT — @ +25°C +10mA . : * 
(Vi = £13 to +18V) over op. range +5mA +5mA, -2mA 7 we 
OUTPUT VOLTAGE CHANGE? —AD2700,01 10ppm/°C 3ppm/°C = 
+11.0mV +4.3mV +8mV +5.5mV 
Tmin t Trax AD2702.  10ppm/°C Sppm/°C os 3ppm/°C 
+11.0mV +5.5mV +10.0mV +5.5mV 
LINE REGULATION 
VIN = +13.5 to +16.5V 300uV/V ° . ° 
LOAD REGULATION 
0 to +10mA 50uV/mA * ‘ : 
OUTPUT RESISTANCE 0.052 | + * . 
INPUT VOLTAGE, OPERATING +13V to +18V ‘ ‘ i‘ 
QUIESCENT CURRENT — AD2700, 01 +14mA ‘ : : 
— AD2702 +17mA, -3mA ‘ : : 
NOISE 
(0.1 to 10Hz) 5OuV p-p typ * * : 
LONG TERM STABILITY (@ +55°C) 100ppm/1000 Hrs. typ__* | : ° 
OFFSET ADJUST RANGE | 
(See Diagrams) +20mV (min) . * * 
OFFSET ADJUST TEMP DRIFT EFFECT  +4uV/°C per mV 
of Adjust typ i i : 
* * * 


PACKAGE OPTION?* HY14D 


*Same as ‘‘J’’ grade performance. 

**Same as ‘‘L’’ grade performance. 

***Same as “S” grade performance. 

* Operational screening (‘‘S or U/883’’) per MIL-STD-883A Method 5008, Class B; except 
that constant acceleration is 10kg. (Method 2001, Condition B. Y1 Plane). 

? Output voltage change as a function of temperature is determined using the box method. 
Each unit is tested at Trin, Tmax and +25°C. At each temperature Vout must fall 
within the rectangular area bounded by the minimum and maximum temperature and 
whose maximum VQuT value is equal to VQUT nominal plus or minus the maximum 
+25°C error plus the maximum drift error from +25°C. 

3See Section 20 for package outline information. 

“ Analog Devices reserves the right to ship ceramic packages (HY14B) in lieu of metal 
(HY 14D) packages. 


Specifications subject to change without notice. 
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FINE Vo FINE TEST 
410" ADJUST +15 POINT N/C N/C 


ADJUST +1 


Vout = 10,000V 


N/C N/C N/C N/C N/C N/C COMMON 


FINE Voyr FINE TEST -15V 
ADJUST <10 ADJUST -15 POINT N/C NIC . 


Vout = -10,000V 


AD2701 13 


N/C N/C N/C N/C N/C N/C COMMON eu 


FINE Voyr FINE TEST 
ADJUST +10 ADJUST +15 POINT NIC N/C 


Vout = -10.000V 
AD2702 


Vout = +10.000V 


12 14 
*EXTERNAL 10k POTENTIOMETER 
PROVIDES £30mV OUTPUT OFF. 
SET ADJUST. TEMPERATURE 
EFFECT IS +4uV/° PER mV OF 
FINE -10 FINE -15 N/C N/C COMMON OFFSET CORRECTION (EXTER- 
ADJUST Voyt ADJUST = NAL ADJUSTMENT OPTIONAL). 


10k 


Pin Designations Fine Trim Connections 


-15V +5/+15V 


24 x ee 2 20 ” 18 u i 1S % 13 


CONTROL AMP 
SUMMING 
JUNCTION 


Pp 
GAIN ADJ. OP AMP 


UNIPOLAR P 
ae _ __ _. A=ANALOGGROUND.—Sss—s—CSSCSSCSCSCSSSS Sj ShESE Oe: 


10082, 
BIPOLAR OFFSET ADJ. 


SEE AD562 DATA SHEET FOR ADDITIONAL APPLICATION INFORMATION 


Using AD2700 Reference With the AD562 — 12-Bit D/A Converter 
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_ USING AD2700 REFERENCE WITH THE AD7520° 
AND AN IC AMPLIFIER TO BUILD A DAC 
The AD2700 series is ideal for use with the AD7520 series of 
_ CMOS D/A converters. A CMOS converter in a unipolar appli- 
cation as shown below performs an inversion of the voltage 
reference input. Thus, use of the +10 volt AD2700 reference 
will result in a 0 to -10 volt output range. Alternatively, using 
the -10 volt AD2701 will result in a 0 to +10 volt range. Two 
operational amplifiers are used to give a bipolar output range 
of -10 volt to +10 volt, as shown in the lower figure. Either 
the AD2700 or AD2701 can be used, depending on the trans- 
fer code characteristic desired. For more detailed applications 
information, refer to the AD7520 data sheet. 


+15V (OR -15 FOR AD2701) 


DIGITAL 
INPUT 


> a die oe 


Unipolar Binary Operation 


DIGITAL INPUT 


1111111111 
1000000001 


ANALOG OUTPUT 


~Vrer (1 - 27°) 
-Veer (1/2 + 2719) 


-V. 
1000000000 aoe 


0111111111 “Verp (1/2 2729) 
0000000001 -Vegp (2719) 
0000000000 0 


. _— 7-10 
NOTE: 1 LSB = 2 VREF 


Table 1. Code Table — Unipolar Binary Operation 


+15V 


VReF 
10 MEGOHM 


BIT 1 (MSB) REEEDBACK 


DIGITAL 


AD7520 
INPUT 


‘lout 


Bipolar Operation (4-Quadrant Multiplication) 


DIGITAL INPUT ANALOG OUTPUT 
1111111111 -Vepp Cl - 2°) 
1000000001 -Vearrp (2°?) 
1000000000 0 
0111111111 Veer (27) 
0000000001 Veer (1 - 2°) 


0000000000 Vein 


; ~ 979 
NOTE: 1 LSB = 2° Vegp 


Table 2. Code Table — Bipolar (Offset Binary) Operation 
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USING THE AD2700 VOLTAGE REFERENCE WITH 


D/A CONVERTER | 
An AD2700 Voltage Reference can be used with an inverting 
operational amplifier and an R-2R ladder network. If all bits 
but the MSB are off (i.e., grounded), the output voltage is 
(-R/2R)Epggr. If all bits but Bit 2 are off, it can be shown 
that the output voltage is 2(-R/2R)Egpp = 4Epgrp: The 
lumped resistance of all the less-significant-bit circuitry (to 
the left of Bit 2) is 2R; the Thevenin equivalent looking 
back from the MSB towards Bit 2 is the generator, Eppp/2, 
and the series resistance 2R; since the grounded MSB series 
resistance, 2R, has virtually no influence — because the 
amplifier summing point is at virtual ground — the output 
voltage is therefore -Eppp/4. The same line of thinking can 
be employed to show that the nth bit produces an increment 
of output equal to 2" Ener. 


DIGITAL INPUT CODE 
LSB BIT3 BIT2 MSB 
| 


OUTPUT 
TERMINATION 


a. Basic Circuit 


BIT 2 SWITCH CLOSED, 
I 


| 
| 
| 
y AD2700 ! 
| 
| 


LUMPED RESISTANCE. 
OF LESS-SIGNIFICANT BITS 


b. Example: Contribution of Bit 2; All Other Bits “0” 


5V 


_c. Simplified Equivalent of Circuit (b.) 


| 


out = -2.5V = -4Eper 


ANALOG —CSC«S0.000 Vit Ultra High 
DEVICES Precision Reference Series 


AD2710, AD2712 


FEATURES | AD2710/AD2712 PIN CONFIGURATIONS 
Laser Trimmed to High Accuracy: 10.000V + 1.0mV oe _— 
Low Temperature Coefficient: Ippm/°C (L Grade) aust Vs’ ADJUST +15V POINT N/C NIC 


Excellent Long Term Stability: 25ppm/1000hrs. 
5mA Output Current Capability 

Low Noise (30uV p-p) 

Short Circuit Protected 

No Heater Utilized 

Small Size (Standard 14-Pin DIP Package) 


Nic ON/C. OUN/C)06UN/C.)©6OUN/C.—CN/C_-: COMMON 


FINE Vout FINE TEST ; 
ADJUST +10 ADJUST +15V POINT N/C  N/C 


FINE -10 FINE -15V. N/C  N/C COMMON 
ADJUST Voyt ADJUST 


14-PIN DUAL IN LINE PACKAGES 4 
PRODUCT DESCRIPTION | 
The AD2710 and AD2712 are temperature-compensated, 
hybrid voltage references which provide precise 10.000V out- 
put from an unregulated input level from 13.5 to 16.5 volts. 
Active laser trimming is used to trim both the initial error at 
+25°C as well as the temperature coefficient, which results in 
ultra high precision performance previously available only in 


PRODUCT HIGHLIGHTS 

1. Active laser trimming of both initial accuracy and tempera- 
ture coefficient results in very high accuracy over the tem- 
perature range without the use of external components. 
AD2710 has a maximum deviation from 10,000 volts of 
+1,00mV at 25°C with no external adjustments. 


oven: regulated modules. The 1.0mV maximum initial error 2. The AD2710 and AD2712 are well suited for a broad range 
and 1ppm/*C guaranteed maximum temperature coefficient of applications requiring an accurate, stable reference source 
of the AD2710L and AD2712L represent the best perform- such as data converters, test and measurement systems and 
ance combination available without using ovens or heated calibration standards. 


se chur ous ata Sosa 3. The performance of the AD2710 series is achieved by a 


The AD2710 series of precision 10.000 volt references offer well-characterized design and close control over the manu- 
the user unequalled eecunacy and stability with performance facturing process. This eliminates the need for temperature- 
guaranteed over the 0 to +70 C temperature range. The devices controlled ovens to provide stability. 


combine the recognized advantages of thin film technology 
and active laser trimming with a unique integrated ceramic 
package design to provide an excellent reference for use in 
applications requiring high accuracy and stability. 


4. The advanced multilayer integrated ceramic package results 
in superior electrical performance as well as inherent high 
reliability. 


The AD2710 is recommended for use as a reference for 10-, 
12- and 14-bit D/A converters which require an external refer- 
ence. The device is also suitable for many types of high resolu- 
tion A/D converters, either successive approximation or inte- 
grating designs. The 5mA output drive capability of the device 
also makes the AD2710 ideal for use as a master system 
reference. 


For systems requiring a dual tracking reference, the AD2712 
offers both positive and negative outputs in a single package. 
All units are packaged in an integrated ceramic 14-pin side- 
brazed package offering superior reliability over other package 
designs. 
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SPECIFIC ATION (typical @ Vs +15V after a 5 minute warm-up at +25°C, 

| ~ no load condition unless otherwise specified) 

Model AD2710KN AD2710LN AD2712KN AD2712LN 
ABSOLUTE MAXIMUM RATINGS | 


Input Voltage (for applicable supply) +18V . yg 
Power Dissipation @ +25°C 300mW . 450mW = 
Operating Temperature Range 0 to +70°C P 
Storage Temperature Range -55°C to +100°C x . 
Lead Temperature (soldering, 20s) +260°C . 7 i, 
Short Circuit Protection (to GND) Continuous - i 
OUTPUT VOLTAGE ERROR! 
+25°C _ +1.0mV max . =! : 
OUTPUT VOLTAGE TEMPERATURE 
COEFFICIENT? 
+10V Output = +25°C to. +70°C +2ppm/ C max +1ppm/°C max +2ppm/°C max +ippm/°C max 
0 to +25°C +5ppm/°C max = : aie 
-10V Output* = +25°C to +70°C Not Applicable Not Applicable +3ppm/°C max +2ppm/°C max 
Oto +25°C Not Applicable Not Applicable +5ppm/°C max me 
LINE REGULATION 
Vs = 13.5 to +16.5° 125uV/V(200KV/V max) : ; ° 
OUTPUT CURRENT | 10mA * ig . 
LOAD REGULATION 
Io =O to t5mA 50uV/mA(100"UV/mA max) . : bs 
OUTPUT RESISTANCE 0.0582 * *  # 
INPUT VOLTAGE® 
Operating Range +13V to $18V _ : - 
Specified Performance +13.5V to 16.5V = . . 
QUIESCENT SUPPLY CURRENT 
Vs+ 9mA(14mA max) ‘ 12mA (16mA max) ** 
Vs-° Not Applicable Not Applicable 2mA (3mA max) ‘** 
NOISE 
0.1 to 10Hz 30uV p-p ‘ ‘ * 
LONG TERM STABILITY 
Ta =+25°C 25ppm/1000 Hours : : * 
EXTERNAL TRIM RANGE® +10mV . : . 
PACKAGE OPTION’ - HY14B . : * 
NOTES: 


*Same as AD2710KN. * *Same as AD2712KN performance. 
7 , Specifications apply to both outputs of the AD2712. 
7 Refer to next page for definition of temperature-related error specifications, 
*The AD2710LN and AD2712LN outputs are guaranteed for a maximum +2ppm/°C temperature 
coefficient over the +15°C to +25°C temperature range. Refer to Figure 1. 
“The +10V and -10V outputs of the AD2712 typically track within t lppm/C over the,specified temperature range. 
5 Negative power supply not required for AD2710, 
6 Use of the output trim will change the temperature coefficient approximately 0.3ppm/C for each 
millivolt of adjustment. 


7See Section 20 for package outline information. 
Specifications subject to change without notice. 
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UNDERSTANDING THE SPECIFICATIONS 

The AD2710 and AD2712 precision references are designed 
for applications requiring both the lowest possible initial error 
at room temperature and the lowest possible temperature drift. 
The specification for initial error is relatively straight-forward, 
and is the absolute error from exactly 10.000V. The specifica- 
tion for temperature drift, however, must be explained. 


Various methods have been used to specify the temperature 

drift of voltage references, including the “‘butterfly’’, “box”, 
and “modified-box”’ (or total error) methods. The AD2710 

and AD2712 are specified with the “butterfly” method. 


Using three or more temperatures provides the user with a 
tighter drift specification, eliminating possible mid-range ex- 
cursions. The AD2710 and AD2712 have been designed and 
characterized as having a smooth drift curve with a virtually 
straight segment from +25°C to +70°C, The typical curve as 
shown 1 is concave downward and gradually increases slope 
near O°C., 


As can be seen from Figure 1, the AD2710L and AD2712L 
+10V outputs will exhibit a maximum temperature coefficient 
of +1ppm/” C (+2ppm/° C for “K’’ grade) from +25° C to 
+70°C, Over the short range between +15°C and +25°C, the 
AD2710L and AD2712L +10V outputs have a maximum. 
drift of only +2ppm/" C and a maximum drift of +5ppm/°C 
from 0 to +15°C, The negative output of the AD2712L has a 
similar temperature coefficient characteristic with a maximum 
slope of +2ppm/" C from +25°C to +70°C, This limit continues 
from +25°C to +15°C and then i increases to a +Sppm/* C 
maximum slope from +15°C and 0°C, Every unit is 100 per- 
cent tested and guaranteed to meet these specifications over 
the full 0 to +70°C temperature range. 
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Figure 1. Maximum Change from +10V Output from +25°C 
Value vs. Temperature 


All grades of the AD2710 and AD2712 are tested after a five 
minute warm-up period, This warm-up allows the entire circuit 
to attain thermal equilibrium. The warm-up drift is approxi- 
mately 500 microvolts and is completely settled approxi- 
mately three minutes after turn-on. Figure 2 shows the 
typical warm-up characteristics of the AD2710. 
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Figure 2, AD2710 Typical Warm-Up Drift 


USING THE AD2710 AS A DAC REFERENCE 
Digital-to-analog converters require a reference to establish 


the full scale output range. It is this reference which will ulti- 
mately determine the absolute accuracy of the converter. 
While many converters include internal reference sources, 
better overall performance can be obtained if a higher preci- 
sion external reference is used. 


Figure 3. Low Drift 12-Bit D/A Converter 


Figure 3 shows the AD27 10 used with the AD566A high-speed 
12-bit DAC. The AD566AKD is laser trimmed for +1/4LSB 
maximum nonlinearity, and exhibits a gain temperature coef- 
ficient of 3ppm/°C. Use of the AD2710LN reference will 
result in a worst case total gain temperature coefficient of 
4ppm/°C. After initial calibration of the DAC scale factor at 
room temperature, 12-bit absolute accuracy can be maintained 
over the +15°C to +70 C temperature range, The high output 
current capability of the AD2710 allows it to serve as a refer- 
ence for up to 10 such converters in a system. 


The resolution of the AD566A can be extended as shown in 
Figure 3 by summing the output of another DAC. In this ex- 
ample, an AD559 is used to provide 4 additional bits. Since 
the AD559 is driven from the same AD2710 reference as the 
AD566A which provides the higher-order bits, and uses a 
similar internal thin-film resistor ladder, it will exhibit first- 
order temperature tracking. While this circuit provides 16-bits 
of resolution, it is only as accurate as the AD566A used for 
the most significant bits. Use of an AD566AKD will typically 
achieve +0,003% accuracy (+1/2LSB at 14 bits), 
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Figure 4. 16-Bit Binary DAC with AD2710 Reference 
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HIGH RESOLUTION ANALOG-TO-DIGITAL CONV ERSION oad 

The AD2710 is well-suited to both system and instrument-level 
analog-to-digital converter reference requirements. The exccl- 
lent absolute accuracy and low temperature drift allow low- 
cost measurement systems to offer high levels of performance. 


The AD7555 is a 4%/5% digit ADC subsystem which uses the 
quad-slope conversion technique to achieve high accuracy at 
AGND—OGND INTERTIE FROM PIN 21 TO PIN3 


Vcc SUPPLY 
\/ RETURN 


Vout = +10.000V 
AD2710 


Vec = +15V 


AGNO-DGND 
INTERTIE 


(2) Vour = -10.000V 
AD2712 


Voo = +15V (13) Vout = +10.000V 


*OPTIONAL 10k POTENTIOMETER PROVIDES 
£10mV OUTPUT TRIM. TEMPERATURE DRIFT 
INCREASES 0.3ppm/C PER mV OF FINE 
ADJUSTMENT 


Figure 6. Optional Fine Trim Connections 


The AD7555 was designed for use with a 4.096V reference, 
which produces a +2 volt input range. When the AD2710 is. 


NOTES: | used, the input range is increased to +4.88281V (24.4uV/ 

1. R8 C1 VALUES SHOWN. ARE FOR 5 1/2 DIGIT MODE. FOR 4 1/2 DIGIT MODE Rg = 360k, C, = 0.22uF. . ° . . 
SUITABLE CAPACITORS AVAILABLE FROM COMPONENT RESEARCH CO. INC., 1655 26th STREET, count). The new scaling can be handled either by using a preci- 
SANTA MONICA, CA. 90404. (STOCK NUMBER FOR 0.22uF CAPACITOR IS 011B224K XW), . . ete 

2. R4,R6, R7 1% TOLERANCE sion gain stage before the AD7555 analog input as shown or by 

3. R1,R3 SHOULD TRACK WITHIN O.Sppm/C. EITHER BULK METAL OR WIRE-WOUND RESISTORS . . oe 
(OR A THIN-FILM NETWORK) SHOULD BE USED. R2 SHOULD BE A LOW-TC TYPE POTENTIOMETER using a microprocessor to digitally correct the scale. The actual 
OR A SELECTED LOW DRIFT FIXED RESISTOR. . . . . 

input signal value can be computed by multiplying the count 
Figure 5. High Accuracy Low Drift A/D Converter produced by the AD7555 by Vrgpy (10 volts in this case), and 

: dividing the result by 409600. Details of the digital circuitry 
low Cost. This patented conversion process performs auto- of the AD7555 can be found on the AD7555 data sheet. 
matic correction for offsets and other errors in the analog . : 
circuitry as a part of each conversion. Total scale factor drift It should be noted that when the AD7555 is used with the 
1.2ppm/°C is possible using the AD2710L reference and medi- AD2710 10 volt reference, it is necessary to use a Vcc greater 
um-precision external amplifiers. This represents a full scale than 10 volts. Thus the digital wPUrS and outputs of the ADC 
drift of less than +10 counts in +200,000 from +15°C to will be compatible with CMOS logic levels. 
+45°C, Less than 1 count of drift will occur in the 4 1/2 
digit mode. 
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—, Selection Guide 


Transducers 


Model 
AD5901/J/K/L/M 


AC2626J/K/L/M 


FEATURE SELECTION 


-FOR -55°C TO +150°C 


COMPARED TO TRADITIONAL TEMPERATURE SENSORS 


Vol I 
Characteristics Page 
IC, 2-terminal, TO-52 can or miniature flatpack, -5 §5°C to +150°C 9-5 


(218K to 423K) operating range, linear current output, 1uA/K, laser- 
trimmed for high accuracy; Output current independent of supply 
voltage. 


Stainless-steel temperature probe using AD590, same temperature 3 
range and electrical characteristics as the AD590, 3/16” outside 

diameter, 6- or 4-inch standard lengths, includes 3 feet of Teflon- 

coated lead wire, 2s response in stirred water, sensor electrically 

isolated from sheath (+200V breakdown—case to leads). 


CHART 


Linear 
High Level 
Excitation Insensitive 


Linearization Required 
Remote Sensing Applications 
Low Cost 
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Orientation 
Transducers 


The AD590 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional to 
absolute temperature. The AD590 has a standard 1uA/K out- 
put current which is inherently linear, therefore, no linear- 
ization is required. 


Attention to all the detail is the key to success in most inter- 
face criteria. The following application is provided to illustrate 
the problems involved in designing circuits which measure 
physical pheonomenon. 


In this application, there is a need to measure temperatures 
from 0 to +100°C, to within 1.0°C, at low cost, at a remote 
location several hundred feet from the instrumentation. The 
ambient temperature in the vicinity of the instrumentation is 
expected to be 25°C +15. A number of possible transducers 
will operate over the specified range, but the requirement for 
a remote measurement suggests the use of the current-output 
two-wire AD590 semiconductor temperature sensor, because 
the current is unaffected by voltage drops and induced 
voltages, | 


Consulting the “‘Accuracies of the AD590”' we find that the 
AD590J, with two external trims, would be suitable; its 
maximum error over the o to 100°C range is 0. 3°, This per- 
mits an allowance of 0.7° for all other errors, If a tighter 
tolerance were required, it would be worthwhile to consider 
using the AD590M with two trims, for an error below 0, 05°C, 


Since AD590 measures absolute temperature (its nominal out- 
put is 1uA/K), the output must be offset by 273.2uA in order 
to read out in degrees Celsius, The output of the AD590 flows 
through a 1kQ resistance, developing a voltage of 1mV/K 
(Figure 1). The output of an AD580 2.5-volt reference is 
divided down by resistors to provide a 273.2mV offset, which 
is subtracted from the voltage across the 1k{2 resistor by an 
AD521 instrumentation amplifier. The AD521 provides a 

gain of 10.0, so that the output range, corresponding to 0 to 
100°C, is 0 to 1.00V (10mV/*C). 
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V wkQ 0.1% 


ncn 
AMPLIF 
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METERING GAIN OF eh 
RESISTOR, _0.00V TO 1.00 FS 
ImV/pA = ImV/k 10mV/°C 


Figure 1, Thermometer Circuit 


The desired system accuracy is to within 1.0°C; as noted, all 
errors other than that of the AD590 must contribute the 
equivalent of less than 0.7°, It will be helpful to assemble an 


1 Accuracies of the AD590 Application Note, Analog Devices. 


error budget for the circuit, assessing the contributions of 
each of the elements (Table 1). Errors will be expressed in 
degrees Celsius. 


AD590 regulation, If the AD590 is excited by a 
voltage source of between 3 and 10V, the typical 
regulation is 0.2uUA/V (0. 2°C/V). With 1% source 
regulation, this contribution will be 


AD590 linearity error. Total error for AD590J, 
over the 0 to 100°C range, with two trims, is 
0.3°C. Those trims will be the gain and offset 
trims for the whole circuit, accounting for resistor 
and ratio errors, AD521L gain, offset and bias- 
current errors, AD580L voltage error, and the 
AD590J’s calibration error 


0.01°C 


0.3 °C 


R1 temperature coefficient, Since R1 is responsible 
for the conversion of the AD590’s current to volt- 
age, high absolute accuracy is important. Conse- 
quently, we would expect to use a device having 
10ppm/* C or less in this spot. For 15°C, nee 
maximum error is 373.2uA X 1075/°C X 15° 


0.06pA 


(typical at 25°C and rated supply voltage unless noted otherwise) 
P PP tag ; 


0.06°C 


Parameter Condition Specification 
AD580L 2.5V VOLTAGE REFERENCE 
Output voltage Vs = +15V 2.450V min, 2.550V max 
Input voltage, operating 30V max, 7V min 
Line regulation 7V€&Vin <3 0V 2mV max 
Temperature sensitivity 0 to 70°C 4.3mV max, 25ppm/°C, typ 
Noise 0.1 to 10Hz 60LV, p-p 
Stability (drift with ume) long term 250uV (0.01%) 
per month 25uV (10ppm) 
AD590J 1uV/K TEMPERATURE TRANSDUCER 
Output current Nominal at 25°C (298.2k)  298.2uA 
Input voltage, operating 30V max, 4V min 
Calibration error 25°C, Vs = 5V +5°C max 
Linearity error Two trims, 0 to 100°C range 0.3°C max 
Repeatability per month ~ 01°C max 
Long-term drift 0.1°C max 
Noise spectral density 40pA/\/Hz 
Power-supply rejection +5VRVSS+15V 0.2uUA/V 


Operating range -55°C to +150°C 


AD521L DIFFERENTIAL INSTRUMENTATION AMPLIFIER 


Gain equation (volts/volt) Nominal G = Rs/Rg 
Error from equation Untrimmed (£40.25 - 0.004G)% 
Nonlinearity +9V output 0.1% max 
Gain tempco 0 to 70°C +(3+0.05G)ppm/°C 
Voltage offset Input 1.0mV max 

Output 100mV max 
Voltage offset tempco Input, 0 to 70° Cc 2uV/C max 

: Output, 0 to 70°C 75uV/C max 

Voltage offset vs. supply Input 3uV/% 

Output, untrimmed* 0.5mV/% 
Bias current 25°C 40nA max 
Bias current tempco 0 to 70°C 500pA/°C 


Common-mode 6 X 101992||3.0pF 


G= 10, de to 60Hz, 


Input impedance 
Common-mode rejection 


1kQ source unbalance 94dB min 
Voltage noise G = 10, 0.1Hz to 10Hz, 
p-p, RTO 225uV 


*Can be reduced by trimming the output offset. 


Table 1, Device Specifications Pertinent to the Analysis 
in the Text 
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ADS580 temperature coeffi icient. The specified 
tempco for the AD580L is 25ppm/"C typical 
(61ppm/°C max over the range 0 to 70 C). 

Since operation is over a narrow range, the typical 
value is most useful, unless the AD580 has a 
critical effect on the overall error. 25 X 107§/°C X 


273mV X 15° = 0.1mV 0.10°C 


Resistive divider tempco. The absolute values of 

R2 and R3 are of considerably less i importance 

than their ability to track. 10ppm/* C is a reasonable 
value for tracking tempco. 107°/°C X 273mV X 


15° = 0.04mV 0.04°C 


Common-mode error, At a gain of 10, the minimum 
common-mode error of the AD521L amplifier is 
94dB, one part in 50,000 of the common-mode 
voltage (273mV), or 5uV (negligible) 


AD521 temperature coefficient. The specified 
input offset tempco for the AD521L is 2uv/’ C 
max, and the output offset tempco is 75uV/°C 
max (7.5uV/° C, referred to the input), for a 

total of 9.5uV/°C R.T.I. 9.5uV/°C X 15° = 143uV 


AD521 bias-current tempco. The maximum bias- 
current change is 500pA/°C X 30° (range) = 15nA. 
The equivalent offset-voltage change is 15nA X 
1kQ = 15yV 


AD521 gain tempco, The circuit will be calibrated 
for correct output at 100° c by trimming of the 
gain of the AD521 at a 25°C ambient temperature. 
Variation of gain will cause output errors, T he 
specified gain tempco at a gain of 10 for the 
AD521L is 3.5ppm/°C typical. If max is arbitrarily 
assumed to be ten times worse, and the resistors 
contribute 15ppm/°C additional, the maximum 
error will be 50 X 10~6/°C X 100° X 15° = 0,075° 


0.14°C 


0.02°C 


0.075°C 
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AD521 nonlinearity, The 0.1% nonlinearity specifi- 
cation applies for a +9V output swing; for a 1V 
full-scale swing, it may be reasonable to expect a 
tenfold 1 improvement, or a 1mV linearity error, 
equivalent to 0,1°C 

Total error (worst case) 0.84 °C 


This means that, once the circuit has been calibrated at 0°C 
and 100°C (25°C ambient), the maximum error at any com- 
bination of measured and ambient temperatures can reason- 
ably be expected to be less than 1°C. 


If the summation were root-sum-of-squares, instead of worst- 
case, the error would come to less than 0.4’, This suggests 
that the design is quite conservative, since the probability of 
worst-case error is low; also (with some risk), it suggests that 
if an AD590M were used in the same design, temperature 
could be measured to within 0.25°C over the range. Naturally, 
every precaution should be taken to avoid additional errors 
attributable to either Murphy’s or Natural Law. Aside from 
errors attributable to ambient temperature variations, this 
simple interface will require some form of protection from 
extraneous signals, Shielding and grounding should follow 
the practice suggested earlier in this book. In addition, 
capacitance across R1 will help reduce the effects of any ac 
currents induced in the twisted pair. Power supplies must be 
chosen to minimize error due to sensitivity of any of the 
elements to power-supply voltage changes, and bypassed to 
minimize coupling of interference through the power 
supply leads. 
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Two-Terminal IC 


Temperature Transducer 
AD590* 


FEATURES 

Linear Current Output: 1uA/°K 

Wide Range: -55 °C to +150°C 

Probe Compatible Ceramic Sensor Package 

Two-Terminal Device: Voltage In/Current Out 

Laser Trimmed to +0.5 C Calibration Accuracy (AD590M) 


Excellent Linearity: +0.3°C Over Full Range Range (AD590M) 


_ Wide Power Supply Range: +4V to +30V 
Sensor Isolation from Case 
Low Cost 


PRODUCT DESCRIPTION 

The AD590 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional to 
absolute temperature. For supply voltages between +4V and 
+30V the device acts as a high impedance, constant current 
regulator passing 1uA/°K. Laser trimming of the chip’s thin film 
resistors is used to calibrate the device to 298.2uA output at 
298.2°K (+25°C). 


The AD590 should be used in any temperature sensing applica- 
tion below +150°C in which conventional electrical tempera- 
ture sensors are currently employed. The inherent low cost of 
a monolithic integrated circuit combined with the elimination 
of support circuitry makes the AD590 an attractive alternative 
for many temperature measurement situations. Linearization 
circuitry, precision voltage amplifiers, resistance measuring 
circuitry and cold junction compensation are not needed in 
applying the AD590. 


In addition to temperature measurement, applications include 
temperature compensation or correction of discrete compo- 


nents, biasing proportional to absolute temperature, flow rate | 


measurement, level detection of fluids and anemometry. The 
AD590 is available in chip form making it suitable for hybrid 
circuits and fast temperature measurements in protected en- 
vironments. 


The AD590 is particularly useful in remote sensing applica- 
tions. The device is insensitive to voltage drops over long lines 
due to its high impedance current output. Any well-insulated 
twisted pair is sufficient for operation hundreds of feet from 
the receiving circuitry. The output characteristics also make - 
the AD590 easy to multiplex: the current can be switched by 
a CMOS multiplexer or the supply, voltage can be switched by 
a logic gate output. 


*Covered by Patent No. 4,123,698 


AD590 FUNCTIONAL BLOCK DIAGRAM 


TO-52 
BOTTOM VIEW 


PRODUCT HIGHLIGHTS 

1. The AD590 is a calibrated two terminal temperature sensor 
requiring only a dc voltage supply (+4V to +30V). Costly 
transmitters, filters, lead wire compensation and lineariza- 
tion circuits are all unnecessary in applying the device. 


2. State-of-the-art laser trimming at the wafer level in conjunc- 
tion with extensive final testing insures that AD590 units 
are easily interchangeable. 


3. Superior interference rejection results from the output 
being a current rather than a voltage. In addition, power 
‘requirements are low (1.5mW’s @ 5V @ +25 °C). These 
features make the AD590 easy to apply as a remote sensor. 


4. The high output impedance (>10MQ) provides excellent 
rejection of supply voltage drift-and ripple. For instance, 
changing the power supply from 5V to 10V results in only 
a uA maximum current change, or 1 “C equivalent error. 


5. The AD590 is electrically durable: it will withstand a 
forward voltage up to 44V and a reverse voltage of 20V. 
Hence, supply irregularities or pin reversal will not damage 
the device. 


6. The device is hermetically sealed in both a ceramic sensor 
package and in to TO-52 package. MIL-STD-883 pro- 
cessing to level B is available and, for large unit volumes, 
special accuracy requirements over limited temperature 
ranges can be satisfied by selections at final test. The device 
is also available in chip form. 
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SPECIFICATIONS (typical @ +25°C and Vs= 7 unless otherwise noted) 


MODEL ~ AD5901 AD590J AD590K ADS90L AD590M 
ABSOLUTE MAXIMUM RATINGS 
Forward Voltage (E+ to E-) +44V . . = : 
Reverse Voltage (E+ to E-) -20V ™ . . i 
Breakdown Voltage (Case to E+ or E-) +200V : . * * bs 
Rated Performance Bempeta bite Range! 25 5c to +150 °C * J ‘ * 
Storage Temperature Range’ -65 C to +155 °C : * * * 
Lead Temperature (Soldering, 10 sec) +300 C a bs ss * 
POWER SUPPLY 
Operating Voltage Range +4V to +30V . 
OUTPUT 
Nominal Current Output @ +25°C (298.2°K) 298.2uA . : : 7 
“Nominal Temperature Coefficient IAP K - od " 7 
Calibration Error @ +25°C +10.0°C max +5.0°C max +2.5°C max +1.0 C max +0.5°C max 
Absolute Error? (over rated performance 
temperature range) 
Without External Calibration Adjustment +20.0°C max +10.0°C max +5.5°C max +3.0°C max +1,7°C max 
With +25°C Calibration Error Set to Zero +5.8°C max +3,0°C max +2.0°C max +1,6°C max +1,0°C max 
Nonlinearity +3,0°C max +1.5°C max +0.8°C max +0.4°C max +0.3°C max 
Repeatability? +0,1°C max ‘3 : * * 
Long Term Drift* +0.1°C/month max * . 3 . : 
Current Noise 40pAVHz a . - . 
Power Supply Rejection 
+4V SVo S+5V 0.5uA/V * i - . 
+5V SVs S+15V 0.2uA/V t * bd 
+15V < V5 < +30V 0.1A/V * . ‘ ‘ 
Case Isolation to Either Lead 10!°Q . . * . 
Effective Shunt Capacitance 100pF * - . : 
Electrical Turn-On Time® 20us so , * * 
Reverse Bias Leakage Current® 
(Reverse Voltage = 10V) 10pA - . , . 
PACKAGE OPTION’ 
“H”’ Package: TO-52 AD5901H AD590JH AD590KH AD590LH AD590MH 
“F’’ Package: Flat Pack (F2A) ADS590IF ADS590JF AD590KF ADS90LF AD590MF 


er nn nnn enn ee errr a SS SSeS SSS SSS SSS Ss SSS? 


*Specifications same as AD5S901 


“Conditions: constant +5V, constant +125°C; guaranteed, 


"The ADS590 has been used at -100°C and +200°C for short periods 
r, * Does not include self heating effects. 


of measurement with no physical damage to the device. Howeve 


the absolute errors specified apply to only the rated performance 


temperature range. 

2 See section on temperature sensor specifications for explanation 
of error components, Note that + 1°C error is the equivalent of 
t1yA error, 

5 Maximum deviation between +25°C readings after tempera- 
ture cycling between -55°C and +150°C; guaranteed not tested. 


°K +223° +273° +298° +323° +373° 
°c -50° 0° +25° +50° +100° 

i] ‘ 

‘ ' ' 

' ' ' 

°F = - 100° o | ' +100° +200° 
32° 70° 212° 
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not tested. 


* Leakage current doubles every 10°C. 


"See Section 20 for package outline information. 
Specifications subject to change without notice. 


+423° 
+150° 


+300° 


TEMPERATURE SCALE CONVERSION EQUATIONS 


° 


F = — 


C= =F -32) 


°K = °C +273.15 


a 


= °F 4459.7 


C +32 °R= 


CIRCUIT DESCRIPTION’ | gram of the AD590, Q8 and Q11 are the transistors that pro- 


The AD590 uses a fundamental property of the silicon tran- duce the PTAT voltage. R5 and R6 convert the voltage to 
sistors from which it is made to realize its temperature propor- current. Q10, whose collector current tracks the collector 
tional characteristic: if two identical transistors are operated currents in Q9 and Q11, supplies all the bias and substrate 
at a constant ratio of collector current densities, r, then the leakage current for the rest of the circuit, forcing the total 
difference in their base-emitter voltages will be (kT/q)(In r). current to be PTAT. R5 and R6 are laser trimmed on the 
Since both k, Boltzman’s constant and q, the charge of an | wafer to calibrate the device at +25 C. 


electron, are constant, the resulting voltage is directly propor- 
tional to absolute temperature (PTAT). 


In the AD590, this PTAT voltage is converted to a PTAT cur- 

rent by low temperature coefficient thin film resistors. The 

- total current of the device is then forced to be a multiple of 

this PTAT current. Referring to Figure 1, the schematic dia- 423 


Figure.2 shows the typical V—I characteristic of the circuit 
at +25°C and the temperature extremes. 


+150°C 


lout 
(uA) 298 


218 


1 2 3 4 #5 6 30V 


CHIP 


SUBSTRATE SUPPLY VOLTAGE . 


Figure 2. V—I/ Plot 


‘For a more detailed circuit description see M.P. Timko, “A Two- 
Terminal IC Temperature Transducer,” IEEE J. Solid State Circuits, 
Vol. SC-11, p. 784-788, Dec. 1976. 


Figure 1. Schematic Diagram 
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EXPLANATION OF TEMPERATURE SENSOR 
SPECIFICATIONS 

The way in which the AD590 is specified males it easy to 
apply in a wide variety of different applications. It is important 
to understand the meaning of the various specifications and 
the effects of supply voltage and thermal environment on ac- 
curacy. 


The AD590 is basically a PTAT (proportional to absolute tem- 
perature)! current regulator. That is, the output current is 
equal to a scale factor times the temperature of the sensor in 
degrees Kelvin. This scale factor is trimmed to 1uA/°K at the 
factory, by adjusting the indicated temperature (i.e. the output 
current) to agree with the actual temperature. This is done with 
SV. _across the device at a temperature within a few degrees of 
25°C (298.2°K). The device is then packaged and tested for 
accuracy over temperature. 


CALIBRATION ERROR 

At final factory test the difference between the indicated tem- 
perature and the actual temperature is called the calibration 
error. Since this is a scale factor error, its contribution to the 
total error of the device is PTAT. For example, the effect of 
the 1° C specified maximum error of the AD590L varies from 
0.73°C at -55°C to 1.42°C at 150°C. Figure 3 shows how 

an exaggerated calibration error would vary from the ideal 
over temperature. 


lout 
(uA) 


350 
IDEAL 


é 
: \ CALIBRATION ERROR 
300 


\ 
\ 
| 
250 300 350 TEMP (°K) 


Figure 3. Calibration Error vs. Temperature 


The calibration error is a primary contributor to maximum 
total error in all AD590 grades. However, since it is a scale 
factor error, it is particularly easy to trim. Figure 4 shows the 
most elementary way of accomplishing this. To trim this cir- 
cuit the temperature of the AD590 is measured by a reference 
temperature sensor and R is trimmed so that Vy = ImV/°K at 
that temperature. Note that when this error is trimmed out at 
one temperature, its effect is zero over the entire temperature 
range. In most applications there is a current to voltage con- 
version resistor (or, as with a current input ADC, a reference) 
that can be trimmed for scale factor adjustment. 


Vz = ImV/PK 


Figure 4. One Temperature Trim 


1T(°C) = T?K) - 273.2; Zero on the Kelvin scale is ‘‘absolute zero”; 
there is no lower temperature. 
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ERROR VERSUS TEMPERATURE: WITH CALIBRATION 
ERROR TRIMMED OUT 

Each AD590 is also tested for error over the temperature range 
with the calibration error trimmed out. This specification could 
also be called the “‘variance from PTAT”’ since it is the maxi- 
mum difference between the actual current over temperature 
and a PTAT multiplication of the actual current at 25°C. This 
error consists of a slope error and some curvature, mostly at 
the temperature extremes. Figure 5 shows a typical AD590K 
temperature curve before and after calibration error trimming. 
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CALIBRATION ERROR 


ABSOLUTE 9 
ERROR 


act 


CALIBRATION 
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Figure 5. Effect of Scale Factor Trim on Accuracy 


ERROR VERSUS TEMPERATURE: NO USER TRIMS 
Using the AD590 by simply measuring the current, the total 
error is the ‘“‘variance from PTAT”’ described above plus the 
effect of the calibration error over temperature. F or example 
the ADS590L maximum total error varies from 2.33°C at 
-55°C to 3.02°C at 150°C. For simplicity, only the larger fig- 
ure is shown on the specification page. 


NONLINEARITY 

Nonlinearity as it applies to the AD590 is the maximum devia- 
tion of current over temperature from a best-fit straight line. 
The nonlinearity of the AD590 over the -55°C to +150°C 
range is superior to all conventional electrical temperature 
sensors such as thermocouples, RTD’s and thermistors. Fig- 
ure 6 shows the nonlinearity of the typical AD590K from 
Figure 5. 


+1.6°C 


+0.8°C 


0.8°C MAX 


0.8°C MAX 0.8°C MAX 


-55°C +150°C 
TEMPERATURE 


Figure 6. Nonlinearity 


Figure 7A shows a circuit in which the nonlinearity is the ma- 
jor contributor to error over temperature. The circuit is 
trimmed by adjusting R, for a OV output with the AD590 

at OC. R, is then adjusted for 10V out with the sensor at 
100°C. Other pairs of temperatures may be used with this pro- | 
cedure as long as they are measured accurately by a reference 
sensor. Note that for +15V output (150°C) the V+ of the op 
amp must be greater than 17V. Also note that V- should be 
at least -4V: if V- is ground there is no voltage applied across 
the device. 


0 100mV/°C 
Vz = 100mv/°C 


V- 


Figure 7A. Two Temperature Trim 
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Figure 7B. Typical Two-Trim Accuracy 


VOLTAGE AND THERMAL ENVIRONMENT EFFECTS 


The power supply rejection specifications show the maximum 


expected change in output current versus input voltage changes. 


The insensitivity of the output to input voltage allows the use 
of unregulated supplies. It also means that hundreds of ohms 
of resistance (such as a CMOS multiplexer) can be tolerated 
in series with the device. 


It is important to note that using a supply voltage other than 
5V does not change the PTAT nature of the AD590. In other 
words, this change is equivalent to a calibration error and can 
be removed by the scale factor trim (see previous page). 


The AD590 specifications are guaranteed for use in a low 
thermal resistance environment with 5V across the sensor. 
Large changes in the thermal resistance of the sensor’s envi- 
ronment will change the amount of self-heating and result 

in changes in the output which are predictable but not neces- 
' sarily desirable. 


The thermal environment in which the AD590 is used deter- 
mines two important characteristics: the effect of self heating 
and the response of the sensor with time. 


Figure 8. Thermal Circuit Model 


Figure 8 is a model of the AD590 which demonstrates these 
characteristics. As an example, for the TO-52 package, Ojc is 
the thermal resistance between the chip and the case, about 


Understanding the AD590 Specifications 


26° C/watt. Oca is the thermal resistance between the case and 
its surroundings and is determined by the characteristics of 
the thermal connection. Power source P represents the power 
dissipated on the chip. The rise of the j junction temperature, 
Ty, above the ambient temperature Ty is: 
Ty oo EK a P (Oi¢ + Oca): Eq. 1 

Table 1 gives the sum of Ojc and 8ca for several common 
thermal media for both the ‘“‘H” and “F”’ packages. The heat- 


sink used was a common clip-on. Using Equation 1, the temper- 


ature rise of an AD590 “‘H”’ package ina stirred bath at +25°C, 
when driven with a 5V supply, will be 0.06°C. However, for 
the same conditions in still air the temperature rise is 0.72°C. 
For a given supply voltage, the temperature rise varies with 
the current and is PTAT. Therefore, if an application circuit 
is trimmed with the sensor in the same thermal environment 
in which it will be used, the scale factor trim compensates for 
this effect over the entire temperature range. 


MEDIUM 1c + 9ca(PC/watt) r_(sec)(Note 3) 
H F H F 
Aluminum Block 30 10 0.6 0.1 
Stirred Oil! 42 60 1.4 0.6 
Moving Air? | 
With Heat Sink 45 — 5.0 — 
Without Heat Sink 115 190 13.5 10.0 
Still Air 
With Heat Sink 191 — 108 — 
Without Heat Sink 480 650 60 30 


‘Note: 7 is dependent upon velocity of oil; average of several velocities 
listed above. 


* Air velocity = 9ft/sec. 
>The time constant is defined as the time required to reach 63.2% of 
an instantaneous temperature change. 


Table 1. Thermal Resistances 


The time response of the AD590 to a step change in tempera- 
ture is determined by the thermal resistances and the thermal 
capacities of the chip, Coy, and the case, C.. Cay is about 

0.04 watt-sec/°C for the AD590. Cc varies with the measured 


medium since it includes anything that is in direct thermal con- 


tact with the case. In most cases, the single time constant ex- 
ponential curve of Figure 9 is sufficient to describe the time 

response, T (t). Table 1 shows the effective time constant, 7, 
for several media. 
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SENSED 
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Tt) = Titian *(Teiwac - Tinitiac)(1 - e-t/7) 
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Figure 9. Time Response Curve 
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GENERAL APPLICATIONS | V+ 


+5V 


8 OFFSET 


(T1 — T2)(10mV/°C) 
2 CALIBRATION | 


\ 


AD2040 2 GAIN SCALING 


> OF FSET SCALING 


a 


GND Figure 12. Differential Measurements 


Figure 10. Variable Scale Display 


a desired temperature difference. For example, the inherent 
offset between the two devices can be trimmed in. If V+ and 
V- are radically different, then the difference in internal dissi- 
pation will cause a differential internal temperature rise. This 
effect can be used to measure the ambient thermal resistance 


seen by the sensors in applications such as fluid level detec- 
tors or anemometry. 


Figure 10 demonstrates the use of a low-cost Digital Panel 
Meter for the display of temperature on either the Kelvin, 
Celsius or Fahrenheit scales. For Kelvin temperature Pins 9, 
4 and 2 are grounded; and for Fahrenheit temperature Pins 4 
and 2 are left open. | 


| The above configuration yields a 3 digit display with 1° Cc or 
1°F resolution, i in addition to an absolute accuracy of +2. o°C 
over the -55°C to +125°C temperature range if a one-temper- 
ature calibration is performed on an AD590K, L, or M. 


7.5V 
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JUNCTION 
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JUNCTION 


RESISTORS ARE 1%, 50ppm/°C 


Figure 13. Cold Junction Compensation Circuit for 
Type J Thermocouple 


Figure 13 isan example of a cold junction compensation circuit 
for a Type J Thermocouple using the AD590 to monitor the 
reference junction temperature. This circuit replaces an ice-bath 
Figure 11. Series & Parallel Connection as the thermocouple reference for ambient temperatures 
between +15°C and +35°C. The circuit is calibrated by adjust- 
ing Rp for a proper meter reading with the measuring junction 


Connecting several AD590 units in series as shown in Figure at a known reference temperature and the circuit near +25°C. 
11 allows the minimum of all the sensed temperatures to be Using components with the T.C.’s as specified i in Figure 13, 
indicated. In contrast, using the sensors in parallel yields the compensation accuracy will be within +0. 5°C for circuit 
average of the sensed temperatures. temperatures between +15°C and +35°C. Other thermocouple 
The circuit of Figure 12 demonstrates one method by which pecan ee accommodated wach as se yauce: 
differential temperature measurements can be made. R, and sas at the i. as VOtap ere Terence cand ne tesistots 
R, can be used to trim the output of the op amp to indicate eg ae a ha Ma ec 
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Figure 14. 4 to 20mA Current Transmitter 


Figure 14 is an example of a current transmitter designed to be 
used with 40V, 1kQ systems; it uses its full current range of 
4mA to 20mA for a narrow span of measured temperatures. 

In this example the 1u4A/°K output of the AD590 is amplified 
to 1mA/°C and offset so that 4mA is equivalent to 17°C and 
20mA is equivalent to 33°C. Ry is trimmed for proper reading 
at an intermediate reference temperature. With a suitable 
choice of resistors, any temperature range within the operating 
limits of the AD590 may be chosen. 
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Figure 15. Simple Temperature Control Circuit 


Figure 15 is an example of a variable temperature control cir- 
cuit (thermostat) using the AD590. R,, and R, are selected to 
set the high and low limits for Rop-y. Ropy could be a simple 
pot, a calibrated multi-turn pot or a switched resistive divider. 
Powering the AD590 from the 10V reference isolates the 
AD590 from supply variations while maintaining a reasonable 
voltage (~7V) across it. Capacitor C, is often needed to filter 
extraneous noise from remote sensors. Rg is determined by 
the 8B of the power transistor and the current requirements of 
the load. 


Figure 16 shows how the AD590 can be configured with an 8 
bit DAC to produce a digitally controlled setpoint. This 


‘Applying the AD590 


Z 2002, 15T 
+2.500V 


1kQ 
OUTPUT HIGH — TEMPERATURE ABOVE SETPOINT 


OUTPUT LOW — TEMPERATURE BELOW SETPOINT 
5.1MQ2. 


Figure 16. DAC Setpoint 


particular circuit operates from 0 (all inputs high) to +5 1 
(all inputs low) in 0.2°C steps. The comparator is shown with 
1°C hysteresis which is usually necessary to guard-band for 
extraneous noise; omitting the 5.1MQQ resistor results in 
no hysteresis. 


1kQ (0.1%) 


Figure 17. AD590 Driven from CMOS Logic 


The voltage compliance and the reverse blocking characteristic 
of the AD590 allows it to be powered directly from +5 V CMOS 
logic. This permits easy multiplexing, switching or pulsing for 
minimum internal heat dissipation. In Figure 17 any AD590 
connected to a logic high will pass a signal current through the 
current measuring circuitry while those connected to a logic 
zero will pass insignificant current. The outputs used to drive 
the AD590’s may be employed for other purposes, but the 
additional capacitance due to the AD590 should be taken 
into account. | 
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Figure 18. Matrix Multiplexer 


CMOS Analog Multiplexers can also be used to switch AD590 
current. Due to the AD590’s current mode, the resistance of 
such switches is unimportant as long as 4V is maintained 

across the transducer. Figure 18 shows a circuit which combines 
the principal demonstrated in Figure 17 with an 8 channel 
CMOS Multiplexer. The resulting circuit can select one of 
eighty sensors over only 18 wires with a 7 bit binary word. The 
inhibit input on the multiplexer turns all sensors off for mini- 
mum dissipation while idling. 
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Figure 19. 8-Channel Multiplexer 


Figure 19 demonstrates a method of multiplexing the AD590 
in the two-trim mode (Figure 7). Additional AD590’s and their 
associated resistors can be added to multiplex up to 8 channels 
of +0.5°C absolute accuracy over the temperature range of 
-55°C to +125°C. The high temperature restriction of +125°C 
is due to the output range of the op amps; output to +150°C 
can be achieved by using a +20V supply for the op amp. 
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Digital-to-Analog Converters 


FACTORS IN CHOOSING A D/A CONVERTER 

In the current issue of this two-volume catalog, there are listed 
some 56 different families of digital-to-analog converters 
(DACs). If one were to consider all the variations, there would 
be more than 224 types to choose among. The reason for so 
many different types is the number of degrees of freedom in 
selection—technological, functional, and performance. Com- 
plete information on converters may be found in the 250- 
page book, ANALOG-DIGITAL CONVERSION NOTES, 
published by Analog Devices and available for $5.95 from 
P.O. Box 796, Norwood MA 02062. 


FUNCTIONAL CHARACTERISTICS 

The basic structure of all conventional D/A converters involves 
a network of precision resistors, a set of switches, and some _ 
form of level-shifting to adapt the switch drives to the speci- 
fied logic levels. In addition, the device may contain output- 
conditioning circuitry, an output amplifier, a reference ampli- 
fier, an on-board reference, on-board buffer-registers (single- or 
dual-rank), configuration conditioning, and even high-voltage 
isolation. 


Basic DAC 

This form, which supplies a current, and consequently a small 
voltage across its internal impedance or an external low-imped- 
ance load, is used principally for high speed, for example, the 
10ns HDS-0810E. Basic current-output DACs, such as AD566, 
are inherently fast, but additional elements (such as an output 
op amp), furnished by the user to meet overall system specs, 
slow down the conversion. Some popular CMOS IC devices, 
such as the AD7523 and the AD7533, are quite simple (and 
correspondingly low in cost), but they usually require a buf- 
fering op amp. 


While the basic DAC function is almost always linear, there 
are exceptions. For example, the AD7110 audio attenuator, 
which has linear two-quadrant analog response, has a digitally 
controlled exponential gain function, i.e., 1.5dB per bit; thus, 
its gain at the input code, 001000 (binary 8), is -12dB (8 X 
1.5), and the analog output swing for 10V p-p input is 2.512V 
p-p (10 exp (10) (-12/20)). 


Output Conditioning 3 

The analog quantity that is the ‘“‘output’’ of a DAC, represent- 
ing the input digital data, may be a “gain”’ (multiplying DAC), 
a current, and/or a voltage. In order to obtain a substantial 
voltage output at low impedance, an op amp is required. It is 
generally provided on-board in modular and hybrid DACs 
(and in the monolithic AD558), but there are many ICs and 
other types that permit the user to choose an external op amp 
that will meet the particular needs of the application in sta- 
bility, speed, and cost. 

Almost all types of DACs provide one or more feedback resis- 
tors; they are matched to, and thermally track, resistances in 
the network, so that an external op amp, if used, will not 
require an external feedback resistor that might introduce 
tracking errors. If more than one feedback resistor is provided, 
a choice of analog output voltage ranges becomes available, e.g., 
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0-5V full-scale or 0-10V full-scale. If bipolar output-voltage 
ranges are specified, a bipolar-offset resistor is provided to sub-— 
tract a half-scale value from the current flowing through the 
op amp summing point; it is usually derived from the DAC’s 
reference (or analog) input to avoid additional tracking error. 
Multiplying DACs use an internal or external op amp for bi- © 
polar offset. 


In order to avoid difficulties, the user must pay especial atten- 
tion to the specified output polarity, its relationship to the 
reference (if external) and to the input digital code. This can 
be especially tricky if the output is bipolar and the input re- 
quires a complementary (negative-true) digital coding. Another 
such case is where a current-output DAC, specified for a par- 
ticular output-voltage polarity when used with an inverting op 
amp, is used in a mode that develops an output voltage passive- 
ly (without the op amp) across an external resistive load. In 
addition to polarity, in this case, the user should be aware of 
the output-compliance constraint and the specified resistive 
component of output impedance. 


Reference Input 


The reference may be specified as external or internal, fixed or , 


variable, single-polarity or bipolar. If internal, it may be per: 
manently connected (as in the AD561) or optionally connecti- 
ble (as in the AD565). If the DAC is a 4-quadrant multiply- 
ing type, the reference (or ‘‘analog input’’) is external, variable, 
and bipolar (e.g., AD7533, 7541, etc.) The user should check 
a converter’s specifications to determine whether the full-scale 
accuracy specifications are overall or subdivided into a con- 
verter-gain spec and a reference spec. 

Digital Data 

There are a number of ways in which converters differ in re- 
gard to the input data: First, the coding must be appropriate 
(binary, offset-binary, two’s-complement, BCD, arbitrary, 
etc.), and its sense should be understood (positive-true, 
negative-true). The resolution (number of bits) must be suf- 
ficient; in addition, the specifications must be checked to 
ascertain that the 2" distinct binary input codes will not only 
be accepted, but that also they will (if necessary) correspond 
to 2" output values in a monotonic progression at any temper- 
ature in the operating range, with sufficient accuracy. The data 
levels accepted by the converter must be checked (TTL, ECL, 
low-voltage CMOS, high-voltage CMOS), as must the input 
loading imposed by the converter, and the supply conditions 
under which the converter will respond to the data. Check the 
data notation (is the MSB Bit 1 or Bit (n-1)?)—misinterpre- 
tation can lead to connecting the data bits in backward order. 


If buffer registers are desired, the converter should have an 
appropriate buffer configuration (for example, the AD558 
has a set of TTL buffers, the AD567, AD7542 and AD7543 
have two ranks of buffering). 


Controls 

If the DAC has external digital controls—for example, register 
strobes— their drive levels, digital sense (true or false), loading, 
and timing must be considered. The function and use of con- 


figuration controls (where present), such as serial/parallel, 
short-cycle, or chip-select decoding should be understood, and 
the appropriate ways of disabling them when not needed 
should be employed. 


Power Supplies 

Appropriate power supplies should be made available, consid- 
ering the logic levels and analog output signals to be employed 
in the system. The appropriate degree of power-supply stabil- 
ity to meet the accuracy specs should be employed. Any rec- 
ommended external protection circuitry (e.g., Schottky diodes, 
to ensure that Vcc is never more than 0.4V above Vpp in the 
AD7522) should be planned for. In many cases separate analog 
and digital grounds are required; ground wiring should follow 
best practice to minimize digital interference with high-accu- 
racy analog signals, while ensuring that a connection between 
the grounds can always exist at one point, even if the “mecca” 
point is inadvertently unplugged from the system. 


SPECIFICATIONS AND TERMS 

Definitions of the performance specifications, and related 
information, are provided on the next few pages, in alpha- 
betical order. 


Accuracy, Absolute 

Error of a D/A converter is the difference between the actual 
analog output and the output that is expected when a given 
digital code is applied to the converter. Sources of error in- 
clude gain (calibration) error, zero error, linearity ertors, and 
noise. Error is usually commensurate with resolution, i.e., less 
than 2-(7 + 1), or “4 LSB” of full scale. However, accuracy 
may be much better than resolution in some applications; for 
example, a 4-bit reference supply having only 16 discrete digi- 
tally chosen levels would have a resolution of 1/16, but it 
might have an accuracy to within 0.01% of each ideal value. 


Absolute-accuracy measurements should be made under a set 
of standard conditions with sources and meters traceable to an 
internationally accepted standard. 


Accuracy, Relative 

Relative accuracy error, expressed in %, ppm, or fractions of 
1 LSB, is the deviation of the analog value at any code (rela- 
tive to the full analog range of the device transfer character- 
istics) from its theoretical value (relative to the same range), 
after the full-scale range (FSR) has been calibrated. Since the 
discrete analog output values corresponding to the digital in- 
put values ideally lie on a straight line, the relative-accuracy 
error of a linear DAC can be interpreted as a measure of non- 
linearity (see Linearity). 


Compliance-Voltage Range 

For a current-output DAC, the maximum range of (output) 
terminal voltage for which the device will provide the speci- 
fied current-output characteristics. 


Common-Mode Rejection (CMR) 

The ability of an amplifier to reject the effect of voltage 
applied to both input terminals simultaneously. Usually a 
logarithmic expression representing a ‘common-mode rejec- 


tion ratio”’ e. £ 1,000,000: 1 (CMRR) or 120dB (CMR). A 
CMRR of 10°:1 means that a 1V common-mode voltage 
passes through the device as though it were a differential input 
signal of 1 microvolt. 


Common-Mode Voltage 

An undesirable signal picked up in a circuit by both wires 
making up the circuit, with reference to an arbitrary “ground. s 
Amplifiers differ in their ability to amplify a desired signal 
accurately in the presence of a common-mode voltage. 


Deglitcher 

As the input code to a DAC i is increased or decreased by small 
changes, it passes through what is known as major and minor 
transitions. The most major transition is at half-scale, when the 
DAC switches around the MSB, and all switches change state, 
ie., 01111111 to 10000000. If, at major transitions, the 
switches are faster (or slower) to switch off than on, this 

means that, for a short time, the D/A will give a zero (or full- | 
scale) output, and then return to the required 1 LSB above the 
previous reading. Such large transient spikes which differ » 
widely in amplitude and are extremely difficult to filter out, 
are commonly known as “glitches”, hence, a deglitcher is a 
device which removes these glitches or reduces them to a set of 
small, uniform pulses. It normally consists of a fast sample- 
hold circuit, which holds the output constant until the switches 
reach equilibrium. Glitch energy is smallest in fast-switching 
DACs driven by fast logic gates that have little time-skew be- 
tween 0-1 and 1-0 transitions. 


10000000 


01111111 


WITH IDEAL DEGLITCHER 
GLITCH 


Feedthrough 

Undesirable signal coupling around switches or other devices 
that are supposed to be turned off or provide isolation, e,g,. 
feedthrough error in a multiplying DAC. It is variously speci- 
fied in %, ppm, fractions of 1 LSB, or fractions of 1 volt, with 
a given set of inputs, at a specified frequency. 


Four-Quadrant 

In a multiplying DAC, “‘four quadrant”’ refers to the fact that 
both the reference signal and the number represented by the 
digital input may be of either positive or negative polarity. A 
four-quadrant multiplier i is expected to obey the rules of multi- 
plication for algebraic sign. 


Gain 
The “gain” of a converter is that analog scale-factor setting 
that provides the nominal conversion relationship, e.g., 10V 
span for a full-scale code change, in a fixed-reference converter. 


. For fixed-reference converters where the use of the internal 


reference is optional, the converter gain and the reference 
may be specified separately. Gain- and zero-adjustment are 
discussed under Zero. 
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Least-Significant Bit (LSB) 

In a system in which a numerical magnitude is represented by 

a series of binary (i.e., two-valued) digits, the LSB is that bit 
that carries the smallest value, or weight. For example, in the, 
natural-binary number 1101 (decimal 13, or 2° + 2? +0+ 2°), 
the rightmost digit is the LSB. Its analog weight, relative to 

full scale, is 2", where n is the number of binary digits. It rep- 
resents the smallest anaieg change that can be resolved by an 
n-bit converter. 


oo 
> 


Linearity 
Linearity error of a converter (also, integral nonlinearity, see 
Linearity, Differential), expressed in % or ppm of full-scale 
range, or (sub)multiples of 1 LSB, is a deviation of the analog 
values, in a plot of the measured conversion relationship, from 
a straight line. The straight line can be either a “best straight 
line’, determined empirically by manipulation of the gain 
and/or offset to equalize maximum positive and negative devi- 
ations of the actual transfer characteristics from this straight 
line; gr it can be a straight line passing through the end points 

_ of the transfer characteristic after they have been calibrated 
(sometimes referred to as “end-point” linearity). End-point 
linearity error is similar to relative-accuracy error. 


“FS. 


LINEAR ENVELOPE 
7/8 
NONLINEARITY 


1-2-9)V 
>1/2 LSB ea oe 


FULL- 
SCALE 
ALIBRATION 


LESS THAN 


000 001 010 011 100 101 110 111 000 001 010 011 100 101 110 111 


a. %LSB Nonlinearity Achieved 
By Arbitrary Location of “Best 
Straight Line”. 


b. Nonlinearity Reference is 
Straight Line Through End 
Points. Nonlinearity >42LSB 

. for Curve of a. 

Comparison of Linearity Criteria for Bit D/A Converter. 

Straight Line Through End Points is Easier to Measure, Gives More- 
Conservative Specification. 


For multiplying D/A converters, the analog linearity error, at 
a specified digital code, is defined in the same way as for multi- 
pliers, i.e., by deviation from a “‘best straight line” through the 
plot of the analog output-input response. 


Linearity, Differential 

Any two adjacent digital codes should result in measured out- 
put values that are exactly 1 LSB apart (2™" of full scale for an 
n-bit converter). Any deviation of the measured “‘step”’ from 
the ideal difference is called differential nonlinearity, expressed 
in (sub)multiples of 1 LSB. It is an important specification, 
because a differential linearity error greater than 1 LSB can 
lead to non-monotonic response in a D/A converter and 
missed codes in an A/D converter (see Differential Linearity 
in the A/D converter section for an illustration). 
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Monotonic 

A DAC is said to be monotonic if the output either increases 
or remains constant as the digital input increases, with the 
result that the output will always be a single-valued function 
of the input. The specification “monotonic” (over a given 
temperature range) is sometimes substituted for a differential 
nonlinearity specification, since differential nonlinearity less 
than 1 LSB is a sufficient condition for monotonic behavior. 


Most-Significant Bit (MSB) 

In a system in which a numerical magnitude is represented 

by a series of binary (i.e., two-valued) digits, the MSB is that 
digit (or bit) that carries the largest value of weight. For 
example, in the natural-binary number 1101 (decimal 13, or 
2° +27 +0 + 2°), the leftmost “1” is the MSB, with a weight 
of 29-1, or 8 LSBs. Its analog weight, relative to a DAC’s full- 
scale span, is %. In bipolar DACs, the MSB indicates the polar- 
ity of the number represented by the rest of the bits. 


Multiplying DAC 

A multiplying DAC differs from a fixed-reference DAC in 
being designed to operate with varying (or ac) reference 
signals. The output signal of such a DAC is proportional to 
the product of the “‘reference”’ (i.e., analog input) voltage - 
and the fractional equivalent of the digital input number 
(see also four-quadrant). 


Noise, Peak and rms 

Internally generated random noise is not a major factor in 

D/A converters, except at extreme resolutions (e.g., DAC1138) 
and dynamic ranges (AD7110). Random noise is characterized 
by rms specifications for a given bandwidth, or as a spectral 
density (current or voltage per root hertz); if the distribution 
is Gaussian, the probability of peak-to-peak values exceeding 
7x the rms value is less than 0.1%. 


Of much greater importance in DACs is interference in the 
form of high-amplitude low-energy (hence low-rms) spikes ap- 
pearing at the DAC’s output, caused by coupling of digital 
signals in a surprising variety of ways; they include coupling 
via stray capacitance, via power supplies, via inadequate ground 
systems, via feedthrough, and by glitch-generation. Their pres- 
ence underscores the necessity for maximum application of the 
designer’s art, including layout, shielding, guarding, grounding, 
bypassing, and deglitching. 


Offset 

For almost all bipolar converters (e.g., +10-volt output), 
instead of actually generating negative currents to corre- 
spond to negative numbers, a unipolar DAC is used, and the 
output is offset by half full scale (1 MSB). For best results, 
this offset voltage or current is derived from the same ref- 
erence supply that determines the gain of the converter. 


This makes the zero point of the converter independent of 
thermal drift of the reference, because the % scale offset 
cancels the weight of the MSB at zero, independently of the 
amplitude of both. 


Power-Supply Sensitivity 

The sensitivity of a converter to changes in the power-supply 
voltages is normally expressed in terms of percent-of-full-scale 
change in analog output value (or fractions of 1 LSB) for a 1% 
dc change in the power supply, e.g., 0.05%/%AV.). Power 
supply sensitivity may also be expressed in relation to a speci- 
fied de shift of supply voltage. A converter may be considered 
“good” if the change in reading at full scale does not exceed 
+% LSB for a 3% change in power supply. Even better specs 
are necessary for converters designed for battery operation. 


Quantizing Uncertainty (or “Error’’) 

The analog continuum is partitioned into 2” discrete ranges 
for n-bit processing. All analog values within a given range of 
output (of a DAC) are represented by the same digital code, 
usually assigned to the nominal midrange value. For applica- 
tions in which an analog continuum is to be restored, there is 
an inherent quantization uncertainty of +% LSB, due to lim- 
ited resolution, in addition to the actual conversion errors, For 
applications in which discrete output levels are desired (e.g., 
digitally controlled power supplies or digitally controlled 
gains), this consideration is not relevant. 


Resolution 

An n-bit binary converter should be able to provide 2” distinct 
and different analog output values corresponding to the set 

of n-bit binary words. A converter that satisfies this criterion 
is said to have a resolution of n bits. The smallest output 
change that can be resolved by a linear DAC is 2™ of the full- 
scale span. However, a nonlinear device, such as the AD7110 
audio attenuator has a logarithmic gain resolution of 1.5/ 
88.5dB = 1:59dB, which corresponds to a gain increment 

of 18.9%/step, or 26,600: 1. 


Settling Time 

The time required, following a prescribed data change, for the 
output of a DAC to reach and remain within a given fraction 
(usually t% LSB) of the final value. Typical prescribed changes 
are full-scale, 1 MSB, and 1 LSB at a major carry. Settling time 
of current-output DACs is quite fast. The major share of set- 
tling time of a voltage-output DAC is usually contributed by 
the settling time of the output op-amp circuit. 


Slew Rate (or Slewing Rate) 

Slew rate of a device or circuit is a limitation in the rate of 
change of output voltage, usually imposed by some basic cir- 
cuit consideration, such as limited current to charge a capac- 
itor. Amplifiers with slew rate of a few V/us are common, and 
moderate in cost. Slew rates greater than about 75 volts/us are 
usually seen only in more sophisticated (and expensive) devices. 
The output slewing speed of a voltage-output D/A converter 
is usually limited by the slew rate of the amplifier used at its 
output (if one is used). 

Stability 

Stability of a converter usually applies to the insensitivity of 
its characteristics to time, temperature, etc. All measurements 
of stability are difficult and time consuming, but stability vs. 
temperature is sufficiently critical in most applications to 


warrant universal inclusion of temperature coefficients in 
tables of specifications (see “Temperature Coefficient’”’). 


Staircase 

A voltage or current, increasing in equal increments as a func- 
tion of time and having the appearance of a staircase (in a time 
plot), generated by applying a pulse train to a counter, and the 
output of the counter to the input of a DAC. 


A very simple A/D converter can be built by comparing a stair- 
case from a DAC with the unknown analog i input. When the 
DAC output exceeds the analog input by.a fraction of 1 LSB, 
the count is stopped, and the code corresponding to the count 
is the digital output. | 


Switching Time 

In a DAC, the switching time is the time it takes for the switch 
to change from one state to the other (‘‘delay time”’ plus “‘rise 
time” from 10%-90%), but does not include settling time, e.g. 
to <% LSB. 


Temperature Coefficients 

In general, temperature instabilities are pepieseal as %/°C, 
ppm/°C, as fractions of 1 LSB/°C, or as a change in a para- 
meter over a specified temperature range. Measurements are usu- 
ally made at room temperature and at the extremes of the 
specified range, and the temperature coefficient (tempco, T.C.) 
is defined as the change in the parameter, divided by the cor- _ 
responding temperature change. Parameters of interest include 
gain, linearity, offset (bipolar), and zero. 


Gain Tempco: Two factors principally affect converter gain 
stability with temperature. 
a) In fixed-reference converters the reference source will 
vary with temperature. For example, the tempco of an 
AD581L is generally less than 5ppm/°C 
b) The reference circuitry and switches may add another 
3ppm/°C in good 12-bit converters (e.g. AD566K/T). 
High-resolution converters require much better tempcos 
for accuracy commensurate with the resolution. 


Linearity Tempco: Sensitivity of linearity (“integral” and/ 
or differential linearity) to temperature (in % FSR/°C or 
ppm FSR/°C) over the specified range. Monotonic behavior 
is achieved if the differential nonlinearity is less than 1 LSB 
at any temperature in the range of interest. The differential 
nonlinearity temperature coefficient may be expressed as 

a ratio, as a maximum change over a temperature range, 
and/or implied by a statement that the device is monotonic 
over the specified temperature range. . 


Offset Tempco: The temperature coefficient of the all- 
DAC-switches-off {minus full scale) point of a bipolar cons 
verter (in % FSR/°C or ppm FSR/°C) depends on three 
major factors: 

a) The tempco of the reference source 

b) The voltage zero-stability of the output amplifier 

c) The tracking capability of the bipolar-offset resis- 

tors and the gain resistors 
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Unipolar Zero Tempco (in % FSR/°C or ppm FSR/°C): The 
temperature stability of a unipolar fixed-reference DAC is 
principally affected by current leakage (current-output 
DAC), and offset voltage and bias current of the output 
op-amp (voltage-output DAC). 
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Zero- and Gain-Adjustment Principles 

The output of a unipolar DAC is set to zero volts in the all- 
bits-off condition. The gain is set for F.S. (1 - 2") with all 

bits on. The “‘zero”’ of an offset-binary bipolar DAC is set to | 
-F,S. with all bits off, and the gain is set for +F.S, (1 - 2(n -1)) 
with all bits on. The data sheet instructions should be followed. 


ANALOG 
S DEVICES 


FEATURES 
Bipolar Voltage Output: AD370 
Unipolar Voltage Output: AD371 
Low Power: 150mW max 
Linearity: t1/2LSB, -55°C to +125°C (S Version) 
TTL/CMOS Compatible 
_ Compatible with Standard 18-Pin DAC Configurations 
, Hermetic 18-Pin DIP (““D’”’ Package) 
Factory Trimmed Gain and Offset: No External Adjustments 
Required 


Monotonicity Guaranteed Over Specified Temperature Range 


PRODUCT DESCRIPTION 

The AD370/AD371 is a complete 12-bit digital-to-analog con- 
verter fabricated with the most advanced monolithic and hy- 
brid technologies. The design incorporates a low power mono- 
lithic CMOS DAC, precision high speed FET-input operational 
amplifiers and a low drift reference available in a hermetically 
sealed package. This innovative design results in significant 
performance advantages over conventional designs. The inte- 
gral package-substrate combined with a lower chip count im- 
proves reliability over the standard low power hybrids of 

this type. 

The converters come in two versions: AD370 with a bipolar 
output voltage range (-10V to +10V) and AD371 with a unt- 
polar output voltage range (0 to +10V). Each device is inter- 
nally laser trimmed for gain and offset to provide adjustment- 
free operation with only +0.05% absolute error. The FET input 
operational amplifiers optimize the speed vs. power trade-off 
by settling to 1/2LSB from a full scale transition in 35s with 
maximum total power dissipation of only 150mW. The low 
power monolithic CMOS DAC employs a current-switched 
silicon-chromium R-2R ladder to ensure that monotonicity is 
maintained over the full temperature range. 

The AD370/AD371 “K” and “S”’ features +1/2LSB maximum 
linearity error. Its rated temperature ranges are 0 to +70°C 

for the “J” and “K” versions and -55°C to +125°C for the “‘S” 
version. 


Complete, Low Power - 
12-Bit D/A Converter 
AD370/AD371 | 


AD370/AD371 FUNCTIONAL BLOCK DIAGRAM _ 


MONOLITHIC 


BI 
AMPLIFIER(S) 


MONOLITHIC 
BAND-GAP 
REFERENCE 


18-PIN DIP 


PRODUCT HIGHLIGHTS 
1. The AD370/AD371 replaces other devices of this type with 
significant increases in performance. | 


2. Reduced power consumption requirements (150mW max) 
result in improved stability and shorter warm-up time. 


3. The precision output amplifiers and CMOS DAC have been 
optimized to settle within 1/2LSB for a full scale transition 
in 3 5ys. 

4. Reduced chip count and integral package-subsrate im- 
prove reliability. 

5. System performance upgrading is possible without redesign. 

6. Internally laser trimmed—no gain or offset adjustments are 
required for specified accuracy. 


7. The device is available in a hermetically-sealed ceramic 18 
lead dual-in-line package. Processing to MIL-STD-883 Class 
B is available. : 


8. The AD370/AD371 is a second-source for 18-pin 12-bit 
DACs of the same configuration. 
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SPECIFICATIONS (typical at TA = +25°C, Vg = +15 Volts unless otherwise noted 


Model AD370J AD370K_ ____—AD371J _AD371K AD370S' AD371S! Units 


RANGE -10to+10—* 0 to +10 +? : es Volts 
CODE OCBI * CBI +* es ed 
LINEARITY ERROR 
+25°C +] +1/2 +] +1/2 +1/2 +1/2 LSB? max 
eee eee +1 +1/2 +] +1/2 +1/2 +1/2 _ LSB? max 
ABSOLUTE ACCURACY 
+25°C +0.05 * . * * * % of FSR? max 


Tmin - Tmax +0.2 : . : +0.3 +0.3 % of FSR? max 
-OFFSET ERROR 


+25°C +5 * +1 7% = sed mV max 
FULL SCALE SETTLING TIME 
TO +1/2LSB 25(35 max) * . = . - Us 
INTERNAL REFERENCE ~*~“. +10.0 * * : . : Volts 
DIGITAL INPUTS | 
VINH 2.0 - < %¢ Rg = i Volts min 
VINL 0.8 $ id ‘s 4 7 Volts max 
INPUT LEAKAGE CURRENT +1.0 . : : : BA 
INPUT CAPACITANCE 8 . : : . pF 
POWER SUPPLY REJECTION RATIO 
+15V Supply 0.01 . . : ‘ . % FSR? /% Vs max 
-15V Supply 0.01 : . : % FSR? /% Vs max 
POWER SUPPLY CURRENTS 
+15V Supply 3.5(5 max) * ‘ ° J : mA max 
-15V Supply 2.5(4 max) * > 7 4 . mA max 
POWER DISSIPATION 105(150 max) * : ‘ * ‘ mW 
an oe 
TEMPERATURE RANGE 0 to +70 . : : -55to+125 *** C 
NOTES 


1 Also available to MIL-STD-883, Level B. 
> LSB: Least Significant Bit 

* FSR: Full Scale Range 

*Specifications same as AD370J. 
**Specifications same as AD371J. 
***Specifications same as AD370S. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
(Ta = +25°C unless otherwise noted) 


Vpp (to GND)..... ee ee ee or ear ee a een a +17V 
VEE ttO\GND): ye es ols oS Ae OE Seren Sk -17V 
Digital Input Voltage Range .............. Vpp to GND 
Storage Temperature ............000. -65°C to +150°C 


CAUTION — ELECTROSTATIC SENSITIVE DEVICES 


The digital control inputs are zener protected; however per- 

manent damage may occur on unconnected units under high 
energy electrostatic fields. Keep unused units in conductive 

foam at all times. 


LSB 


BIT 11 
BIT 10 


BITS 


AD370/AD371 


BIT 8 


BIT 7 


OUTPUT 


GND 


-15V 


*AD370 — OFFSET TRIM 
AD371 — TEST POINT 


Figure 1. Pin Designations 


+15V 
SUPPLY 


0.01uF 


POWER! SUPPLY | 
COMMAND 


AD370/AD371 


0.01uF 


-15V 
SUPPLY 


Figure 2. Power Supply Decoupling 


AD370/AD371 


Figure 3. Burn-In Circuit 


DIGITAL INPUT 


NOMINAL ANALOG OUTPUT 


111111111111 0: 
100000000000 4.9975 Volts 
011111111111 5.0000 Volts 


000000000000 9.9975 Volts 


Table.1. Code Table for the AD371 (CBI) 


DIGITAL INPUT NOMINAL ANALOG OUTPUT 


111111111111 ~10.000 Volts 
100000000001 -0,0097 Volt 
100000000000 -0,0048 Volt 
011111111111 0 

9.9952 Volts _ 


000000000000 


Table 2. Code Table for the AD370 (OCB!) 
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ACCURACY : 
Accuracy error of a D/A converter is defined as the difference 
between the analog output that is expected when a given dig- 
ital code is applied and the output that is actually measured 
with that code applied to the converter. Accuracy error can 
be caused by gain error, zero error or linearity error. The in- 
itial accuracy of the AD370/AD371 is trimmed to within 
0.05% of full scale by laser trimming the gain and zero errors. 
Of the error specifications, the linearity error specification is 
the most important since it cannot be corrected by the user. 
The linearity error of the AD370/AD371 is specified over its 
entire temperature range. This means that the analog output 
will not vary by more than +1/2LSB maximum from an ideal 
straight line drawn between the end points (inputs all “1s” 
and all “0s”’) over the specified operating temperature range 
of 0 to +70°C for the “K” version and -55°C to +125°C for 
the “S”’ version. 


The absolute accuracy of the AD370/AD371 has been guaran- 
teed to 0.05% of full scale by internal factory trim of the 
gain and offset. External gain and offset adjustment terminals 
have been made available to allow fine adjustment to the 
+0.012% accuracy level. The measurement system used to 
calibrate the output should be capable of stable resolution of 
1/4LSB in the regions of zero and full scale. The adjustment 
procedure, described below, should be carefully followed to 
assure optimum converter performance. 


The proper connections for the offset and gain adjustments are 
shown in Figure 4, For the AD371 full-scale calibration apply 
a digital input of all ‘‘1s’’ and adjust the gain potentiometer 

to +9.9975 volts (see Table 1). 


The offset adjustment of the AD370 is made at the half-scale 
code. Adjust the offset potentiometer until 0,000V is obtained 
on the output. The full-scale adjustment is made at the nega- 
tive endpoint or a code of all “1s”, Adjust the gain potentio- 
meter until -10.000 volts is obtained on the output. 


Analog Devices Hybrid Systems 
AD370KD DAC346C-12BPG 

AD371KD DAC346C-12UP 

AD370SD DAC347LPC-12G DAC356C-12 
AD370SD/883B DAC347LPS-12G DAC356B-12 
AD371SD DAC347LPC-12U 


AD371SD/883B DAC347LPB-12U 


+15V * +15V 
10MQ_s~PINS8 5MQ_~—s~PIN7 
20k2 2=—W 0 20k2 2——VWW———-O 
-15V | _ -15V 
OFFSET TRIM GAIN TRIM 
(AD370 ONLY) 


Figure 4, Optional External Trims 


SETTLING TIME 

Settling time for the AD370/AD371 is the total time required 
for the output to settle within +1/2LSB band around its final 
value after a change in input (including slew time). The settling 
time specification is given for a full scale step which is 20V for 
the AD370 and 10V for the AD371. 


IMPROVED SECOND SOURCE 

The substrate design of the AD370/AD371 sean for com- 
plete pin-for-pin compatibility with other 18-pin DACs,; 
Hybrid Systems Corp. DAC340, DAC350 series and Micro 
Networks Corp. MN360, MN370, MN3200 series 18-pin 12-bit 
digital-to-analog converters all share the same pin configuration 
except for pin 7 and pin 8 (see Table 3), The AD370/AD371 

is a superior direct replacement for these devices where the 
function of pins 7 and 8 allow. The versatility designed into 
the AD370/AD371 allows the function of pin 7 and pin 8 to be 
configured to exactly second source each of the other units. 


Information on other second source devices with 4 quadrant 


multiplying capability is available from Analog Devices. 


Micro Networks 


MN362 MN371 MN3210 
DAC3 56LPC-12 MN360H MN370H 
DAC356LPB-12 

MN362H MN371H 


Table 3. Cross Reference 


AD370/AD371 ORDERING GUIDE 


Package 
Model Package Style’ 
AD370JN Polymer Seal HY18A 
AD370jJD Hermetic HY18A 
AD371JN Polymer Seal HY18A 
AD371JD Hermetic HY18A 
AD370KN Polymer Seal HY18A 
AD370KD Hermetic HY18A 
AD371KN Polymer Seal HY18A 
AD371KD Hermetic HY18A 
AD370SD Hermetic HY18A 
AD370SD/883B Hermetic HY18A 
AD371SD Hermetic HY18A 
AD371SD/883B Hermetic HY18A 


See Section 20 for package outline information, 
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Output Voltage Operating Temperature 

Linearity Range Range 

1LSB -10V to +10V 0 to +70°C 

1LSB -10V to +10V 0 to +70°C 

1LSB 0 to +10V 0 to +70°C 

1LSB 0 to +10V 0 to +70°C 
1/2LSB -10V to +10V 0 to +70°C 
1/2LSB -10V to +10V 0 to +70°C 
1/2LSB 0 to +10V 0 to +70°C 
1/2LSB 0 to +10V 0 to +70°C | 
1/2LSB -10V to +10V -55°C to +125°C 
1/2LSB -10V to +10V -55°C to +125°C 
1/2LSB 0 to +10V -55°C to +125°C 
1/2LSB 0 to +10V -55°C to +125°C 


ANALOG 
DEVICES 


Quad 12-Bit Microprocessor- 


Compatible D/A Converter 


AD390 


ADVANCE TECHNICAL INFORMATION 


FEATURES 

Four Complete 12-Bit DACs in One IC Package 
Voltage Output 

Guaranteed Monotonic Over Full Temperature Range 
Double-Buffered Data Inputs 

Includes Data Latches and Reference 

Fast Settling: 8s max 

Low Cost 


PRODUCT DESCRIPTION 

The AD390 contains four 12-bit high speed voltage-output 
digital-to-analog converters in a compact 28-pin hybrid package. 
The design is based on a proprietary latched 12-bit DAC chip 
which reduces chip count and provide high realiability. The 
AD390 is ideal for systems requiring digital control of many 
analog voltages. Such applications include automatic test equip- 
ment, process controllers, and vector-scan displays. 


The AD390 is laser-trimmed to + '4LSB max nonlinearity 
(AD390KD) and absolute accuracy of + 0.05 percent of full 
scale. The high initial accuracy is made possible by the use of 
thin-film scaling resistors on the monolithic DAC chips. The 
internal buried zener voltage reference provides excellent tem- 
perature drift characteristics (30ppm/°C) and an initial tolerance 
of +0.025% maximum. The AD390 can also be used with an 
external reference in large system applications. 


The individual DACs are accessed by the CS1 through CS4 
control inputs and the AO and A] lines. These control signals 
permit the registers of the four DACs to be loaded independently 
and the outputs to be simultaneously updated at a later time. 


The AD390 outputs are calibrated for a + 10V range. A 0 to 
+ 10V version is available on special order. 


The AD390 is packaged in a 28-lead ceramic package and is 
specified for operation over the 0 to + 70°C and — 55°C to + 125°C 
temperature range. 


PRODUCT HIGHLIGHTS 

1. The AD390 offers a dramatic reduction in printed circuit 
board space requirements in systems using multiple DACs. 

2. Each DAC is independently addressable, providing a versatile 
control architecture for simple interface to microprocessors. 
All latch enable signals are level-triggered. 

3. The output voltage is trimmed to a full scale accuracy of 


4. 


CS1 CS2 C53 CS4 AO Al 


Oo = tt Set 


AD390 FUNCTIONAL BLOCK DIAGRAM 


DGND AGNO 


+Vs -Vs 


deer are 
| 


+10V 
REFERENCE 


PINS 1-12 
DBO(LSB) - DB11(MSB) 


+0.05%. Settling time to + 'ZLSB is 8 microseconds 
maximum. . 

An internal 10 volt reference is available or an external 
reference can be used. With an external reference, the 
AD390 gain TC is +Sppm/°C maximum. 


. The proprietary monolithic DAC chips provide excellent 


linearity and guaranteed monotonicity over the full operating 
temperature range. 


TRUTH TABLE 

Operation 

x No Operation 

Enable Ist rank of DAC 1 

Enable Ist rank of DAC 2 

Enable Ist rank of DAC 3 

Enable Ist rank of DAC 4 

Loads 2nd rank from each Ist rank 
All latches transparent 


Co ~~ = = © — = 
oH SO = i 
om oooceo K 
So OS wt wt et 


] 
] 
] 
0 
] 
] 
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SP EC | FI CATI 0 NS (T, _ +25°C, Ve = +15V a otherwise specified) 


AD390JD/SD AD390KD/TD 


Model | MIN TYP MAX MIN. TYP MAX UNIT 


DATA INPUTS (Pins 1-12 and 23-28) 
TTLor5 Volts CMOS 

Input Voltage 
Bit ON (Logic ‘‘1”’) 
Bit OFF (Logic ‘‘0”’) 

Input Current 
Bit ON (Logic “‘1’’) 
Bit OFF (Logic “‘0”’) 


RESOLUTION - 


OUTPUT 
Voltage Range! 
Current 
Settling Time (to + AZLSB) 


ACCURACY 
Gain Error 
Offset 
Linearity Error 
Differential Linearity Error 


TEMPERATURE DRIFT 
Gain (internal reference) 
(external reference) 
Offset 
Linearity Error 0 to + 70°C +Vv +¥ +, +V, LSB 
Differential Linearity MONOTONICITY GUARANTEED OVER FULL TEMPERATURE RANGE 


REFERENCE 
Voltage 10.000 10.0025 10.0000 10.0025 V 
Current (available extended use) ; 3.5 3.5 mA 
Ref In Input Resistance . 10!° 10!° 2 


POWER REQUIREMENTS 
Voltage 
Current 
+ Vs 
-V 
~ POWER SUPPLY GAIN SENSITIVITY 
+ Vs 
—Vs 


TEMPERATURE RANGE 
Operating (Full Specifications) J, K 
S,T 


- 
aes 


mA 
mA 


%FS/% 
%FS/% 


°C 
°C 


Storage 
PACKAGE STYLE? 


'Oto + 10V range is standard. A 0 to 10V version is available on special order. Consult the factory. 
See Section 20 for package outline information. 


Specifications subject to change without notice. 


TIMING DIAGRAMS 


WRITE CYCLE #1 | WRITE CYCLE #2 
(Load First Rank from Data Bus; A3 = 1) (Load Second Rank from First Rank; A2-A0 = 1) 


cs \ \ ‘ 7 OUTPUT 


Symbol Parameter Min Typ Max ns 
tpw Data Valid to Fnd of CS 50 ns 
taw Address ValidtoEndofCS — 100 ns 
twp Control Pulse Width 100 - . ns 
tpn Data Hold Time 0 ns 
tsETT Output Current Settling Time 400 500 ns 
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ANALOG DACPORT™ Low Cost Complete 


DEVICES 


FEATURES 

Complete 8-Bit DAC 

Voltage Output — 2 Calibrated Ranges 
Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V to +15V 
Full Microprocessor Interface 

Fast: 1us Voltage Settling to +1/2LSB 
Low Power: 75mW 

No User Trims 

Guaranteed Monotonic Over Temperature 
All Errors Specified T,,in to Tmax 

Small 16-Pin DIP Package 

Single Laser-Wafer-Trimmed Chip for Hybrids 
Low Cost 


PRODUCT DESCRIPTION 

The AD558 DACPORT is a complete voltage-output 8-bit. 
digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 


The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. 
The complete microprocessor interface and control logic is 
implemented with integrated injection logic (I?L), an extreme- 
ly dense and low-power logic structure that is process-compat- 
ible with linear bipolar fabrication. The internal precision 
voltage reference is the patented low-voltage band-gap circuit 
which permits full-accuracy performance on a single +5V to 
+15V power supply. Thin-film silicon-chromium resistors 
provide the stability required for guaranteed monotonic op- 
eration over the entire operating temperature range (all grades), 
while recent advances in laser-wafer-trimming of these thin- 
film resistors permit absolute calibration at the factory to 
within +1LSB; thus no user-trims for gain or offset are re- 
quired, A new circuit design provides voltage settling to 
+1/2LSB for a full-scale step in 800ns. 


The AD558 is available in four performance grades. The 
AD558] and K are specified for use over the 0 to +70°C tem- 
perature range, while the AD558S and T grades are speci- 

_ fied for -55°C to +125°C operation. The hermetically- 

sealed ceramic package is standard. Processing to MIL-STD- 
883, Class B is optional on S and T grades. 


PRODUCT HIGHLIGHTS 

1. The 8-bit I7L input register and fully microprocessor- 
compatible control logic allow the AD558 to be directly 
connected to 8- or 16-bit data buses and operated with 
standard control signals. The latch may be disabled for 
direct DAC interfacing. 


*Covered by U.S. Patent Nos. 3,887,863; 3,685,045; Patents Pending. 
DACPORT is a trademark of Analog Devices, Inc. 


j2P-Compatible 8-Bit DAC 
AD558° 


AD558 FUNCTIONAL BLOCK DIAGRAM 


OUTPUT 
AMP 


OMMON 


e 
L LADDER Vout SELECT 
LATCHES ie NETyOne } er 
VOLTAGE 
; By SWITCHES 13 | ANALOG (AGND) 


DIGITAL 
COMMON (DGND) 


BIT3 +Vec 
IN 6 | 14] (+4.5V TO 16.5V) 


CHIP) xe 
secect 5) 


CHIP Para 
ENABLE ort 


TO-116 


. The laser-trimmed on-chip SiCr thin-film resistors are cali- 


brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated ac- 
curacy over the operating temperature range. 


. The inclusion of a precision low-voltage band-gap reference 


eliminates the need to specify and apply a separate refer- 
ence source. 


. The voltage-switching structure of the AD558 DAC section 


along with a high-speed output amplifier and laser-trimmed 
resistors give the user a choice of OV to +2.56V or OV to 
+10V output ranges, selectable by pin-strapping. Circuitry 
is internally compensated for minimum settling time on 
both ranges; typically settling to +1/2LSB for a full-scale 
2.55 volt step in 800ns. 


. The AD558 is designed and specified to operate from a 


single +4.5V to +16.5V power supply. 


. Low digital input currents, 100uUA max, minimize bus 


loading. Input thresholds are TTL/low voltage CMOS 
compatible over the entire operating Vcc range. 


. The single-chip, low power I?L design of the AD558 is 


inherently more reliable than hybrid multi-chip or con- 
ventional single-chip bipolar designs, The AD558S and T 
grades, which are specified over the -55°C to +125°C 
temperature range, are available processed to MIL-STD-883, 
Class B. 


. All AD558 grades are available in chip form with guar- 


anteed specifications from +25°C to Tmax. MIL-STD-883, 
Class B visual inspection is standard on Analog Devices 
bipolar chips. Contact the factory for additional chip 
information. 
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| SPECIFICATIONS (typical @ Ta = +25°C, Vee = +5V to +15V unless otherwise specified) 


MODEL | ADS558] AD558K AD558S' ADS558T' 
RESOLUTION 8 Bits | —_ i : 
RELATIVE ACCURACY? 
0 to +70°C , +1/2LSB max. +1/4LSB max “* 
-55 Cto +125 C = - +3/4LSB max +3/8LSB max 
OUTPUT | 
Ranges OV to +2.56V + * * 
OV to +10V 3 * * * 
Current, Source +5mA * +5mA min + #8 
Sink Internal Passive * * * 
Pull-Down to Ground* 
OUTPUT SETTLING TIME® 
0 to 2.56 volt range 0.8us (1.5us max) * * * 
0 to 10 volt range” - 2.0us (3.0us max) * 
FULL SCALE ACCURACY 
@ 25°C +1.5LSB (+0.6%) max +0.5LSB (+0.2%) max * ** 
Tmin to Tmax +2.5LSB (+1.0%) max +1LSB (+0.4%) max * sid 
ZERO ERROR 
@ 25°C +1LSB max +1/2LSB max * ** 
Tmin to Tmax +2LSB max +1LSB max * +. 
MONOTONICITY® 
Tmin to Tmax Guaranteed * * k 


DIGITAL INPUTS 


Input Current +100uUA max st ” 
Data Inputs, Voltage | 
Bit On — Logic “1” 2.0V min * ig 
Bit Off — Logic ‘‘0” 0.8V max * . . 
Control Inputs, Voltage 
On — Logic “1” 2.0V min | * ; : 
Off — Logic “0” 0.8V max * 
Input Capacitance 4pF * * * 
TIMING’ 
Tmin tO Tmax 
tw (Strobe Pulse Width) 100ns min * * * 
tpy (Data Hold Time) 10ns min a. * * 
tps (Data Set-Up Time) 100ns min * * * 


POWER SUPPLY 
Operating Voltage Range (Vcc) 


2.56 Volt Range +4,5V to +16.5V - * ‘ 
10 Volt Range +11.4V to +16.5V . s : 
Current (Ic¢c) 15mA typ, 25mA max * * 
Rejection Ratio 0.03%/% max * * * 
POWER DISSIPATION, Vcc = 5V 75mW (125mW max) * * * 
Vcc = 15V 225mW (375mW max) * * * 
OPERATING TEMPERATURE 
RANGE 
Tmin o°C * -55°C ae * 
Tmax . +70°C * +125°C ka 
NOTES 
1The AD5S58S and ADS558T are available processed and screened to the requirements of *Specifications same as AD558J. 
MIL-STD-883, Class B. Order AD558SD/883B or AD558TD/883B. **Specifications same as AD558K. 
? Relative Accuracy is defined as the deviation of the code transition points from the ideal ***Specifications same as AD558S. 


transfer point on a straight line from the zero to the full scale of the device. 
* Operation of the 0 to 10 volt output range requires a minimum supply voltage of +11.4 volts. 
“Passive pull-down resistance is 2k for 2.56 volt range, 10kQ for 10 volt range. 
-SSettling time is specified for a positive-going full-scale step to +1/2LSB. Negative-going steps to zero 
are slower, but can be improved with an external pull-down. 
6A monotonic converter has a maximum differential linearity error of +1LSB. 
7See Figure 7. 


Specifications subject to change without notice. 


VOL. |, 10-18 DIGITAL-TO-ANALOG CONVERTERS 


ABSOLUTE MAXIMUM RATINGS 


Vee to Ground st x5 yh ie Sad a aeecdn wee ee OV to+18V {E36} ‘DBO Vout 
Digital Inputs (Pins 1-10) ..........2.. 0005 0 to +7.0V DB1 Vout SENSE 
VOUT 8485. 4 ae a eth e Indefinite Short to Ground a eteenees 
. Momentary Short to Vcc ois ak 
Power Dissipation: s 4-4-0 ds 8 4 AY 4 450mW 

‘Storage Temperature Range ee te 

D (ceramic) Package............. -55°C to +150°C DBS +Vec 
_ Lead Temperature (soldering, 10 second).......... 300°C DB6 és 


. Thermal Resistance 
Junction to Ambient/Junction to Case 
D (ceramic) Package.............0.4. 100/30°C/W 


(MSB) DB7 


TOP VIEW 


Figure 1, AD558 Pin Configuration 


AD558 ORDERING GUIDE 


Relative Accuracy Full-Scale 


. Error Max Error, Max Package 
Model Package Temperature Tmin tO Tmax Tmin tO Tmax _— Style 

AD558JN Plastic 0 to +70°C +1/2LSB +2.5LSB N16A? 

AD558KN Plastic 0 to +70°C +1/4LSB +1LSB N16A? 
AD558JD Ceramic Oto +70°C +1/2LSB +2.5LSB D16A 
AD558KD Ceramic 0to +70°C +1/4LSB +1LSB D16A 
AD558SD Ceramic -§5°C to +125°C +3/4LSB +2.5LSB D16A 
AD558SD/883B Ceramic -§5°C to +125°C +3/4LSB +2.5LSB  D16A 
AD558TD Ceramic -55°C to +125°C +3/8LSB +1LSB D16A 
AD558TD/883B Ceramic -§5°C to +125°C +3/8LSB +1LSB D16A 


1 See Section 20 for package outline information. 
2 To be available June, 1982. 
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CIRCUIT DESCRIPTION 

The AD558 consists of four major functional blocks, fabri- 
cated on a single monolithic chip (see Figure 2). The main 

D to A converter section uses eight equally-weighted laser-trim 
med current sources switched into a silicon-chromium thin- 
film R/2R resistor ladder network to give a direct but unbuf- 
fered OmV to 400mV output range. The transistors that form 
the DAC switches are PNPs; this allows direct positive-voltage 
logic interface and a zero-based output range. 


CONTROL DIGITAL INPUT DATA 
INPUTS 


‘ LSB MSB 


cs CE DB0 DB1 DB2 OB3 DB4 DBS DBE DB7 +Vcc GND GND 


Tod 


OUTPUT 
AMP 


1?7L LATCHES 


8-BIT VOLTAGE-SWITCHING 


D-TO-A CONVERTER Vout 


Vout SENSE 


Vout SELECT 


Figure 2. AD558 Functional Block Diagram 
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The high-speed output buffer amplifier is operated in the non- 
inverting mode with gain determined by the user-connections 
at the output range select pin. The gain-setting application 
resistors are thin-film laser-trimmed to match and track the 
DAC resistors and to assure precise initial calibration of the _ 
two output ranges, OV to 2.56V and OV to 10V. The amplifier 
output stage is an NPN transistor with passive pull-down for 
zero-based output capability with a single power supply. 


The internal precision voltage reference is of the patented 
band-gap type. This design produces a reference voltage of 1.2 
volts and thus, unlike 6.3 volt temperature-compensated zeners, 
may be operated from a single, low-voltage logic power supply. 
The microprocessor interface logic consists of an 8-bit data 
latch and control circuitry. Low-power, small geometry and 
high-speed are advantages of the I*L design as applied to this 
section. I?L is bipolar process compatible so that the perform- 
ance of the analog sections need not be compromised to pro- 
vide on-chip logic capabilities. The control logic allows the 
latches to be operated from a decoded microprocessor ad- 
dress and write signal. If the application does not involve a 


. UP or data bus, wiring-CS and CE to ground renders the latches 


“transparent” for direct DAC access. 


CONNECTING THE AD558 

The AD558 has been configured for ease of application. All 
reference, output amplifier and logic connections are made 
internally. In addition, all calibration trims are performed at 
the factory assuring specified accuracy without user trims. The 
only connection decision that must be made by the user is a 
single jumper to select output voltage range. Clean circuit- 
board layout is facilitated by isolating all digital bit inputs on 
one side of the package; analog outputs are on the opposite side. 


Figure 3 shows the two alternative output range connections. 
The OV to 2.56V range may be selected for use with any 
power supply between +4.5V and +16.5V. The OV to 10V 
range requires a power supply of +11.4V to +16.5V. 


Because of its precise factory calibration, the AD558 is in- 
tended to be operated without user trims for gain and offset; 
therefore no provisions have been made for such user-trims. 

If a small increase in scale is required, however, it may be ac- 
complished by slightly altering the effective gain of the output 
buffer. A resistor in series with Voyy SENSE will increase the 
‘output range. | 

For example if a OV to 10.24V output range is desired (40mV 
= 1LSB), a nominal resistance of 85022 is required. It must be 
remembered that, although the internal resistors all ratio- 
match and track, the absolute tolerance of these resistors is 
typically +20% and the absolute TC is typically -50ppm/°C 
(0 to -100ppm/°C). That must be considered when re-scaling 
is performed. Figure 4 shows the recommended circuitry for a 
full-scale output range of 10.24 volts. Internal resistance values 
shown are nominal. 


NOTE: Decreasing the scale by putting a resistor in series with 
GND will not work properly due to the code-dependent cur- 
rents in GND, Adjusting offset by injecting dc at GND 1s not 
recommended for the same reason. 


Vout 


b. OV to 10V Output Range 


Figure 3. Connection Diagrams 


Figure 4. 10,24V Full-Scale Connection 


GROUNDING AND BYPASSING* 


All precision converter products require careful application of 
good grounding practices to maintain'full rated performance. 
Because the AD558 is intended for application in microcom- 
puter systems where digital noise is prevalent, special care must 
be taken to assure that its inherent precision is realized. 


The AD558 has two ground (common) pins; this minimizes 
ground drops and noise in the analog signal path. Figure 5 
shows how the ground connections should be made. 


It is often advisable to maintain separate analog and digital 
grounds throughout a complete system, tying them common 
in one place only. If the common tie-point is remote and ac- 
cidental disconnection of that one common tie-point occurs 
due to card removal with power on, a large differential volt- 
age between the two commons could develop. To protect de- 
vices that interface to both digital and analog parts of the 
system, such as the AD558, it is recommended that common 
ground tie-points should be provided at each such device, If 
only one system ground can be connected directly to the 
AD558, it is recommended that analog common be selected. 


' (SEE NEXT 
PAGE) 
Ri 


TO SYSTEM AGND 


SS ,>—> —- TO SYSTEM DGND 
0.1 F (SEE TEXT) 


TO SYSTEM Vcc 


Figure 5. Recommended Grounding and Bypassing 


POWER SUPPLY CONSIDERATIONS 

The AD558 is designed to operate from a single positive power 
supply voltage. Specified performance is achieved for any sup- 
ply voltage between +4.5V and +16.5V. This makes the 
AD558 ideal for battery-operated, portable, automotive or 
digital main-frame applications. 


The only consideration in selecting a supply voltage is that, in 
order to be able to use the OV to 10V output range, the power 
supply voltage must be between +11.4V and +16.5V. If, how- 
ever, the OV to 2.56V range is to be used, power consumption 
will be minimized by utilizing the lowest available supply 
voltage (above +4.5V). 


*For additional insight, ‘“An IC Amplifier Users’ Guide to Decoupling, 
Grounding and Making Things Go Right For A Change’”’, is available 
at no charge from any Analog Devices Sales Office. 
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TIMING AND CONTROL | 

The AD558 has data input latches that simplify interface to 

8- and 16-bit data buses. These latches are controlled by Chip 
Enable (CE) and Chip Select (CS) inputs, pins 9 and 10 respec- 
tively. CE and CS are internally ‘“NORed” so that the latches 
transmit input data to the DAC section when both CE and CS 
are at Logic “O”’. If the application does not involve a data 
bus, a “00” condition allows for direct operation of the DAC. 
When either CE or CS go to Logic “1”, the input data is 
latched into the registers and held until both CE and CS return 
to ‘0’. (Unused CE or CS inputs should be tied to ground.) 
The truth table is given in Table I. The logic function is also 
shown in Figure 6. 


Latch 

Input Data CE cs DAC Data Condition 

0 0 O- 0 “transparent” 

1 0 0 1 “transparent” 

0 f 0 0 latching 

1 f 0 1 latching 

0 0 f ) latching 

1 0 f 1 latching 

X 1 X previous data latched 

X X 1 previous data latched 
Notes: X = Does not matter 


§ = Logic Threshold at Positive-Going Transition 


Table |. AD558 Control Logic Truth Table 


INPUT DATA 


DAC DATA / \ 


Figure 6. AD558 Control Logic Function 
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Figure 7 shows the timing for the data and control signals; 
CE and CS are identical in timing as well as in function. 

: : 
: DATA | 


RN NN EY 


1 VALID 


DATA 
INPUTS 


DAC 
V OUTPUT 


tw = Strobe pulse width 

tpH = Data hold time 

tps = Data setup time 

tsetting = DAC output settling time to +1/2LSB. 


Figure 7. AD558 Timing 


USE OF Voyr SENSE 
Separate access to the feedback resistor of the output ampli- 
fier allows additional application versatility. Figure 8a shows 
how I X R drops in long lines to remote loads may be cancelled 
by putting the drops “inside the loop”. Figure 8b shows how 


. the separate sense may be used to provide a higher output cur- 


rent by feeding back around a simple current booster. 


Vout 
OV TO +10V 


Vec 


Vout 
(16) 2N2222 


AD558 (is) Vout SENSE 


Vout 
OV TO +2.56V 


b. Output Current Booster 
Figure 8. Use of VouT Sense 


Applying the ADS98 


OPTIMIZING SETTLING TIME 
In order to provide single-supply operation and zero-based ADDRESS BUS 
output voltage ranges, the AD558 output stage has a passive 
“‘pull-down”’ to ground. As a result, settling time for negative- 
going output steps may be longer than for positive-going out- 
put steps. The relative difference depends on load resistance 
and capacitance. If a negative power supply is available, the 
Nnegative-going settling time may be improved by adding a pull- 
down resistor from the output to the negative supply as shown 
in Figure 9, The value of the resistor should be such that, at 
zero voltage out, current through that resistor is 0.5mA max. 


DATA BUS 


(16) Vout 
AD558 
(5) Vout SENSE 


Ri RW > OE 
GATED DECODED ADDRESS > cs 


a. 6800/AD558 In terface 


Rep = 2x | Vee | 


NEGATIVE : 
Vee (in kQ) 


SUPPLY 


ADDRESS BUS 


Figure 9. Improved Settling Time 


* 


BIPOLAR OUTPUT RANGES 

The AD558 was designed for operation from a single power 
supply and is thus capable of providing only unipolar (OV to 
+2.56 and OV to 10V) output ranges. If a negative supply is 3 Vout 
available, bipolar output ranges may be achieved by suitable 
output offsetting and scaling, Figure 10 shows how a +1.28 
volt output range may be achieved when a -5 volt power sup- 
ply is available. The offset is provided by the AD589 precision 
1.2 volt reference which will operate from a +5 volt supply. 
The AD544 output amplifier can provide the necessary +1.28 


volt output swing from +5 volt supplies. Coding is complemen- MEMW -> CE 
i DECODED ADDRESS SELECT PULSE > CS 
tary offset binary. 


ADDRESS SELECT 
PULSE LOGIC 


DATA BUS 


b. 8080A/AD558 Interface 
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Vv 
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aM V1441417 | -1.27V 


Figure 10, Bipolar Operation of AD558 from +5V Supplies 


- CDP 1802: MWR > CE 
DECODED ADDRESS SELECT PULSE > CS 


c. 1802/AD558 Interface 


INTERFACING THE AD558 TO MICROPROCESSOR DATA 

BUSES* Figure 11. Interfacing the AD558 to Microprocessors 

The AD558 is configured to act like a ‘‘write only” location 

in memory that may be made to coincide with a read only 

memory location or with a RAM location. The latter case 

allows data previously written into the DAC to be read back “ : ie 

ieee Wi she RAM. Address decodine ie barnally compleretor ‘The microprocessor-interface capabilities of the AD5 58 are exten- 
are pispe y P sive. A comprehensive application note, “Interfacing the AD558 

either ROM or RAM. Figure 11 shows interfaces for three DACPORT!™ to Microprocessors” is available from any Analog 

popular microprocessor systems. . Devices Sales Office upon request, free of charge. 
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AD558 Performance (typical @ +25°C, Vcc = +5V to +15V unless otherwise noted) 


LSB 

1.75 

1.50 

1.25 ALL ADS58 
1.0€ ~——-~ ADS58S, T 


-55 -25 0 +25 +50 +75 +100 +125 °C 


1LSB = 0.39% OF FULL-SCALE 


Figure 12, Full Scale Accuracy vs. Temperature 
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1LSB = 0.39% OF FULL-SCALE 
Figure 13. Zero Drift vs. Temperature Performance 
of AD558 
mA 
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Icc 
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Figure 14. Quiescent Current vs. Power Supply 
Voltage for AD558 
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Figure 15. AD558 Settling Characteristic Detail 
OV to 2,56V Output Range Full-Scale Step 
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Figure 16. AD558 Settling Chracteristic Detail 
OV to 10V Output Range Full-Scale Step 
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Figure 17. AD558 Logic Timing 


ANALOG 
DEVICES 


FEATURES 

Low Cost 

Complete Current Output Converter 

High Stability Buried Zener Reference 

Laser Trimmed to High Accuracy (1/4LSB Max Error, 
AD561K, T) 

Trimmed Output Application Resistors for 0 to +10, +5 
Volt Ranges 

Fast Settling — 250ns to 1/2LSB 

Guaranteed Monotonicity Over Full Operating Temperature 
Range 

TTL/DTL and CMOS Compatible (Positive True Logic) 

Single Chip Monolithic Construction 


PRODUCT DESCRIPTION 

The ADS561 is an integrated circuit 10-bit digital-to-analog 
converter combined with a high stability voltage reference 
fabricated on a single monolithic chip. Using 10 precision high- 
speed current-steering switches, a control amplifier, voltage 
reference, and laser-trimmed thin-film SiCr resistor network, 
the device produces a fast, accurate analog output current. 
Laser trimmed output application resistors are also included to 
facilitate accurate, stable current-to-voltage conversion; they 
are trimmed to 0.1% accuracy, thus eliminating external trim- 
mers in many situations. 


Several important technologies combine to make the AD561 
the most accurate and most stable 10-bit DAC available. The 
low temperature coefficient, high stability thin-film network 

is trimmed at the wafer level by a fine resolution laser system 
to 0.01% typical linearity. This results in an accuracy specifica- 
tion of +1/4LSB max for the K and T versions, and 1/2LSB | 
max for the J and S versions. 


The AD561 also incorporates a low noise, high stability subsur- 
face zener diode to produce a reference voltage with excellent 
long term stability and temperature cycle characteristics which 
challenge the best discrete zener references. A temperature 
compensation circuit is laser-trimmed to allow custom correc- 
tion of the temperature coefficient of each device. This results 
in a typical full-scale temperature coefficient of 15ppm/°C; the 
T.C. is tested and guaranteed to 30ppm/°C max for the K and 
T versions, 60ppm/°C max for the S, and 80ppm/°C for the J. 


*Covered by Patent Nos.: 3,940,760; 3,747,088; RE 28,633; 
3,803,590; RE 29,619; 3,961,326; 4,141,004; 4,213,806; 
4,136,349. 


AD561* 


Low Cost 10- Bit 
Monolithic D/A Converter 


AD561 FUNCTIONAL BLOCK DIAGRAM 


BIPOLAR 
OFFSET RFB 


TO-116 


The AD561J and K versions are specified for operation over 
the 0 to +70°C temperature range, the AD561S and T for 
operation over the full military temperature range from 
-55°C to +125°C. 


PRODUCT HIGHLIGHTS | 

1. Advanced monolithic processing and laser trimming at the 
wafer level have made the AD561 the most accurate 10-bit 
converter available while keeping costs consistent with large 
volume integrated circuit production. The AD561K and T 
have 1/4LSB max relative accuracy and 1/2LSB max differ- 
ential nonlinearity. The low T.C. R-2R ladder guarantees 
that all AD561 units will be monotonic over the entire 
operating temperature range. 


2. Digital system interfacing is simplified by the use of a posi- 
tive true straight binary code. The digital input voltage 
threshold is a function of the positive supply level; connect- 
ing Vcc to the digital logic supply automatically sets the 
threshold to the proper level for the logic family being used. 
Logic sink current requirement is only 25uA. 


3. The high speed current steering switches are designed to 
settle in less than 250ns for the worst case digital code 
transition. This allows construction of successive-approxi- 
mation A/D converters in the 3 to 5us range. 


4. The AD561 has an output voltage compliance range from 
-2 to +10 volts, thus allowing direct current-to-voltage 
conversion with just an output resistor, omitting the op amp. 
The 40MQ2 open collector output impedance results in negli- 
gible errors due to output leakage currents. 
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SPECIFICATIONS (Ta = 428°C, Vec = +5V, Vee = -15V, unless otherwise specified) 


MODEL 


RESOLUTION 


ACCURACY (Error Relative 
to Full Scale) 


DIFFERENTIAL NONLINEARITY 


DATA INPUTS 
TTL, Vcc = +5V 
Bit ON Logic “1” 
Bit OFF Logic ‘‘0”’ 
CMOS, 10V S Vcc € 16.5V 
(See Figure 1) 
Bit ON Logic “1” 
Bit OFF Logic ‘‘0” 
Logic Current (Each Bit) (T,,;, to T,,,,) 
Bit ON Logic “1” 
Bit OFF Logic ‘‘0”’ 
OUTPUT 
Current 
Unipolar 
Bipolar 
Resistance (Exclusive of 
Application Resistors) 
Unipolar Zero (All Bits OFF) 
Capacitance 
Compliance Voltage 


SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OFF-to-ON 


POWER REQUIREMENTS 
Vec: +4.5V de to +16.5V de 
VeR, ~10.8V de to -16.5V de 


POWER SUPPLY GAIN SENSITIVITY 
Voc, +4.5V de to +16.5V de 
Veg, —10.8V dc to -16.5V de 

TEMPERATURE RANGE 

Operating 
Storage 
TEMPERATURE COEFFICIENTS 
With Internal Reference 
Unipolar Zero” 
Bipolar Zero 
Full Scale 
Differential Nonlinearity 


MONOTONICITY 


- 


PROGRAMMABLE OUTPUT 
RANGES (See Figures 3, 4) 


CALIBRATION ACCURACY 
Full Scale Error with Fixed 252 
Resistor 
Bipolar Zero Error with Fixed 1022 
Resistor 


CALIBRATION ADJUSTMENT 
RANGE 
Full Scale (With 5022 Trimmer) 
Bipolar Zero (With 502 Trimmer) 


*Specifications same as AD561)J specs. 
Specifications subject to change without notice. 


MIN 


+2.0 


70% Vcc 


i 
+0.75 


AD561J 
TYP MAX 

10 B 
+1/4 +1/2 
0.02 0.0 
+1/2 

+0.8 

30% Vcc 
+5 +100 
-5 -25 
2.0 2.4 
+1.0 +1.2 
40M 
0.01 0.05 
25 
-3 +10 
250 
8 10 
12 16 
2 10 
4 25 
0 to +70 
-65 to +150 
1 10 
2 20 
15 80 
2.5 


Guaranteed over full 
operating temp. range 


0 to +10 
-5 to +5 


+0.5 
0.5 
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<3 2k 0 3 5 
° > > 
Loney 
t] 
n 


AD561K 

MIN TYP MAX UNITS 
+1/8 +1/4 LSB 
0,0 0.0 Q 


+1/4 


< << 


< 


Es 
> > 


ns 


mA 
mA 


ppm of F.S./% 
ppm of F.S./% 


ppm of F.S./°C 
ppm of F.S./°C 
ppm of F.S./°C 
ppm of F.S./°C 


Guaranteed over full 

operating temp. range 
Vv 
V 
% of F.S. 
% of F.S. 
% of F.S. 
% of F.S. 


AD561S AD561T 


MODEL MIN TYP MAX MIN TYP MAX UNITS 
RESOLUTION = 10 Bits 
ACCURACY (Error Relative +1/4 +1/2 +1/8 +1/4 LSB 
to Full Scale) (0.025) (0.05) (0.012) (0.025) | %of FS. 
DIFFERENTIAL NONLINEARITY +1/2 sed =n al : 
DATA INPUTS 
TTL, Voc = +5V 
Bit ON Logic “1” +2.0 V 
Bit OFF Logic ‘‘0” +0.8 V 
CMOS, 10V < Vcc < 16.5V 
(See Figure 1) 
Bit ON Logic “1” 70% Vcc Vv 
Bit OFF Logic ‘‘0”’ 30% Vcc “iV 
Logic Current (Each Bit) (T,,;, to T,,4,) 
Bit ON Logic ‘*‘1”’ | _ +20 +100 nA 
Bit OFF Logic ‘‘0”’ -25 -100 A 
OUTPUT : 
Current 
Unipolar 1.5 2.0 2.4 mA 
Bipolar +0.75 +1.0 +1.2 mA t 
Resistance (Exclusive of ; 
Application Resistors) 40M QQ. 8 
Unipolar Zero (All Bits OFF) 0.01 0.05 % of F.S. si 
Capacitance 25 pF 
Compliance Voltage -2 -3 +10 V 
SETTLING TIME TO 1/2LSB . 
All Bits ON-to-OFF or OFF-to-ON 250 ns 
POWER REQUIREMENTS 
Vec +4.5V de to +16.5V dc 6 10 mA 
Vip, —10.8V de to -16.5V de 11 16 mA 
POWER SUPPLY GAIN SENSITIVITY ; 
Voc, +4.5V de to +16.5V de 2 10 ppm of F.S./% 
Ver, -10.8V de to -16.5V dec 4 25 ppm of F.S./% 
TEMPERATURE RANGE 
Operating -55 to +125 °C | 
Storage -65 to +150 C 


TEMPERATURE COEFFICIENTS 
With Internal Reference 


Unipolar Zero 1 10 1 5 ppm of F.S./°C 
Bipolar Zero 2 20 2 10 ppm of F.S./°C 
Full Scale 15 60 15 30 ppm of F.S./°C 
Differential Nonlinearity 2.5 ppm of F.S./°C 
MONOTONICITY Guaranteed over full Guaranteed over full 
operating temp. range operating temp. range 
PROGRAMMABLE OUTPUT 0 to +10 V 
RANGES (See Figures 3, 4) -5 to +5 V 


CALIBRATION ACCURACY 
Full Scale Error with Fixed 25Q 


N 
Fx 
° ° 
a oa 
2) *T) 
nH 


Resistor +0.1 
Bipolar Zero Error with Fixed 102 
- Resistor 0.1 
CALIBRATION ADJUSTMENT 
RANGE 
Full Scale (With 502. Trimmer) +0.5 % of F.S. 
Bipolar Zero (With 5092 Trimmer) +0.5 % of F.S. 


* *Specifications same as AD561S specs. 
Specifications subject to change without notice. 


DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10-27 


DIGITAL LOGIC INTERFACE 
All standard positive supply logic families interface easily with 


' the AD561. The digital code is positive true binary (all bits 


high, Logic “*1”, gives positive full scale output). The logic input 


load factor (100nA max at Logic “1”, -25uA max at Logic “0”’, 


3pF capacitance), is less than one equivalent digital load for all 
logic families, including unbuffered CMOS. The digital thresh- 
old is set internally as a function of the positive supply, as 
shown in Figure 1. For most applications, connecting Vcc to 
the positive logic supply will set the threshold at the proper 
level for maximum noise immunity. For nonstandard applica- 
tions, refer to Figure 1 for threshold levels. Uncommitted bit 
input lines will assume a “‘1”’ state (similar to TTL), but they 
are high impedance and subject to noise pickup. Unused digital 
inputs should be connected directly to ground or Vcc, as 
desired. 


\ 

S « \ 
; 12 &S 
. MAX INPUT ROE 
: es SOS SUPPLY 
= 8 MIN. NY . 
us SUPPLY 

+4.5V 
I 6 
ad 
< 4 
QO 
O 2 


12 15 16.5 
POSITIVE Sy yeigace Vcc — Volts 


Figure 1. Digital Threshold Vs. Positive Supply 


THE AD561 OFFERS TRUE 10-BIT RESOLUTION OVER 
FULL TEMPERATURE RANGE 


ACCURACY: Analog Devices defines accuracy as the maximum 
deviation of the actual, adjusted DAC output (see next page) 
from the ideal analog output (a straight line drawn from 0 to 
F.S. — 1LSB) for any bit combination. The AD561 is laser 
trimmed to 1/4LSB (0.025% of F.S.) maximum error at +25°C 
for the K and T versions — 1/2LSB for the J and S. 


MONOTONICITY: A DAC is said to be monotonic if the out- 
put either increases or remains constant for increasing digital 
inputs such that the output will always be a single-valued func- 
tion of the input. All versions of the AD561 are monotonic 
over their full operating temperature range. 


DIFFERENTIAL NONLINEARITY: Monotonic behavior 


. requires that the differential nonlinearity error be less than 


1LSB both at +25°C and over the temperature range of inter- 
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 
change in digital input code. For example, for a 10 volt full 
scale output, a change of 1LSB in digital input code should 
result in a 9.8mV change in the analog output (1LSB = 10V x 
1/1024 = 9.8mV). If in actual use, however, a 1LSB change in 
the input code results in a change of only 2.45mV (1/4LSB) in 
analog output, the differential nonlinearity error would be 
7.35mV, or 3/4LSB. The AD561K and T have a max differen- 
tial linearity error of 1/2LSB. 


The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 


operating temperature range. A differential nonlinearity temper- 


ature coefficient of 2.5ppm/°C could under worst case condi- 
tions for a temperature change of +25°C to +125°C add 
0.025% (100 x 2. Sppm/ C of error). The resulting error could 
then be as much as 0.025% + 0.025% = 0.05% of F.S. (1/2LSB 
represents 0.05% of F.S.). To be sure of accurate performance 
all versions of the AD561 are therefore 100% tested to be 
monotonic over the full operating temperature range. 


AD561 ORDERING GUIDE 


MODEL TEMP RANGE 
AD561JD 0 to +70°C 
AD561JN 0 to +70 °C 
AD561KD 0 to +70 C 
AD561KN 0 to +70°C 
AD561SD -55 to +125°C 
AD561SD/883B*  -55 to +125°C 
AD561TD -55 to +125°C 
AD561TD/883B* -55 to +125°C 


*The AD561SD/883B and AD561TD/883B are fully processed to 


MIL-STD-883, Method 5004, Class B. 


ACCURACY GAIN T.C. PACKAGE 
@ +25°C (of F.S./°C) OPTIONS’ 
+%LSB max 80ppm max D16A 
+%LSB max 80ppm max N16A?2 
+ALSB max 30ppm max D16A 
+%LSB max 30ppm max N16A? 
+%4LSB max 60ppm max D16A 
+'2LSB max 60ppm max D16A 
+%LSB max 30ppm max D16A 
+%LSB max 30ppm max D16A 


1 See Section 20 for package outline information. 


2To be available June, 1982. 
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| _ a Applying the ADS61 | 


CONNECTING THE AD561 FOR BUFFERED VOLTAGE 
OUTPUT : 

The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred | 
trimming techniques. If a low offset operational amplifier 
(AD510, AD741L, AD301AL) is used, excellent performance 
can be obtained in many situations without trimming. (A 5mV 
op amp offset is equivalent to 1/2LSB ona 10 volt scale). If a 
2582 fixed resistor is substituted for the 502 trimmer, unipolar 
zero will typically be within +1/10LSB (plus op amp offset), 
and full scale accuracy will be within +1LSB. Substituting a 
1022 resistor for the 50Q bipolar offset trimmer will give a 
bipolar zero error typically within +1LSB. 


The AD509 is recommended for buffered voltage-output ap- 
plications which require a settling time to +1/2LSB of one 
microsecond. The feedback capacitor is shown with the opti- 
mum value for each application; this capacitor is required to 
compensate for the 25picofarad DAC output capacitance. 


FIGURE 3. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt 
output range. 


STEP I... ZERO ADJUST 
Turn all bits OFF and adjust op amp trimmer, Rj, until the 


output reads 0.000 volts (1LSB = 9.76mV). 


STEP II... GAIN ADJUST 
Turn all bits ON and adjust 502 gain trimmer, R2, until the 
output is 9.990 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 10.23V full scale is 
desired (exactly 10mV/bit), insert a 120Q resistor in series 
with R32. 
FIGURE 4, BIPOLAR CONFIGURATION 
This configuration will provide a bipolar output voltage from 
-5.000 to +4.990 volts, with positive full scale occurring with 
all bits ON (all 1’s). 


STEP I...ZERO ADJUST 
Turn ON MSB only, turn OFF all other bits. Adjust 5022 trim- 
mer R3, to give 0.000 output volts. 


STEP II... GAIN ADJUST 
Turn OFF all bits, adjust 5022 gain trimmer to give a reading 
of -5.000 volts. 


Please note that it is not necessary to trim the op amp to ob- 
tain full accuracy at room temperature. In most bipolar situa- 
tions, the op amp trimmer is unnecessary unless the untrimmed 
offset drift of the op amp is excessive. 


FIGURE 5, +10 VOLT BUFFERED BIPOLAR OUTPUT 

The AD561 can also be connected for a +10 volt bipolar range 
with an additional external resistor as shown in Figure 5. A 
larger value trimmer is required to compensate for tolerance in 
the thin film resistors (which are trimmed to match the full 
scale current). For best full scale temperature coefficient per- 


formance, the external resistors should have a T.C. of -5Oppm/°C. 


For applications requiring optimum performance, a +10 volt 
bonding option is available on special order. 


PIN CONFIGURATION 


TOP VIEW 
10V 
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BIPOLAR 
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CSB BIT 10 BIT 1MSB 
BIT 9 BIT 2 
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LOGIC BIT 8 BIT 3 LOGIC 
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BIT7 BIT 4 
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2 16 
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-5 TO +5V 
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*SEE TEXT 


Figure 5. +10V Buffered Voltage Output 
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CIRCUIT DESCRIPTION o 

A simplified schematic with the essential circuit features of the 
AD561 is shown in Figure 6, The voltage reference, CR1, is a 
buried zener (or subsurface breakdown diode). This device ex- 
hibits far better all-around performance than the NPN base- 
emitter reverse-breakdown diode (surface zener), which is in 
nearly universal use in integrated circuits as a voltage reference. 
Greatly improved long term stability and lower noise are the 
major benefits the buried zener derives from isolating the 
breakdown point from surface stress and mobile oxide charge 
effects. The nominal 7.5 volt device (including temperature 
compensation circuitry) is driven by a current source to the 
negative supply so that the positive supply can be allowed to 
go as low as 4.5 volts. The temperature coefficient of each 
diode is determined individually; this data is then used to laser 
trim a compensating circuit to balance the overall T.C. to zero. 
The typical resulting T.C. is 0 to 15ppm/°C. 


_ The negative reference level is inverted and scaled by A to give 


a +2.5 volt reference (which can be driven by the low positive 
supply). The AD561, packaged in the 16-pin DIP, has the +2.5 
volt reference (REF OUT) connected directly to the input of 
the control amplifier (REF IN). The buffered reference is not 
directly available externally except through the 2.5kQ bipolar 
offset resistor; it can still be used as a voltage reference as 
shown below in Figure 9. 


The 2.5kQ scaling resistor and control amplifier Az then force 
a lmA reference current to flow through reference transistor 


Q1, which has a relative emitter area of 8A. This is accom- 
plished by forcing the bottom of the ladder to the proper voltage. 
Since Qy and Q» have equal emitter areas and have equal §5kQ 
emitter resistors, Qz also carries 1mA. The ladder voltage drop 
constrains Q7 (with area 4A) to carry only 0.5mA; Qg carries 
0.25mA, etc. 


The first four significant bit cells are scaled exactly in emitter 
area to match Q, for optimum Vgrx and Vgg drift match, as 
well as for beta match. These effects are insignificant for the 
lower order bits, which account for a total of only 1/16 of full 
scale. However, the 18mV Vgr difference between two 
matched transistors carrying emitter currents in a ratio of 2:1 
must be corrected. This is done by forcing 120uUA through the 
1502 interbase resistors. These resistors and the R-2R ladder 
resistors are actively laser-trimmed at the wafer level to bring 
total device accuracy to better than 1/4LSB. Sufficient ratio 
accuracy in the last two bits is obtained by simple emitter area 
ratio such that it is unnecessary to use additional area for 
ladder resistors. The current in Qy6 is added to the ladder to 
balance it properly but is not switched to the output; thus full 
scale is 1023/1024 x 2mA. 


The switching cell of Q3, Q4, Qs and Q¢ serves to steer the 
cell current either to ground (BIT 1 low) or to the DAC output 
(BIT 1 high). The entire switching cell carries the same current 
whether the bit is on or off, thus minimizing thermal transients 
and ground current errors. The logic threshold, which is gener- 
ated from the positive supply (see Digital Logic Interface) is 
applied to one side of each cell. 


out 
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Figure 6. Circuit Diagram Showing sacl saci ieciers Switching Cell, R-2R Ladder, and Bit Arrangement of AD561 


PRECISION LOW-NOISE REFERENCE 

The precision reference of the AD561 can be brought out 
separately from the DAC to serve as a master system reference. 
Since the reference is connected through the 2.5k&2 bipolar 
offset resistor, it must be buffered externally, as shown here 

in Figure 7. The DAC section can still be operated indepen- 
dently in a unipolar mode, but internal thermal and ground 
loop effects will create crosstalk of about 0.01% with an ideal 
ground. The long term stability of this reference will be espec- 
ially good, typically +0.01% per year or better. If the filter 
capacitor, C is not used, wideband output noise will be about 
120ppm p-p (1.2mV p-p for 10 volts). If C is 4.7uF, wideband 
noise will be about 25yV p-p (10 volts oun) and 15uV p-p from 
0.1 to 10Hz. 
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Figure 7. Precision Ultra Low Noise Reference 
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SETTLING TIME 

The high speed NPN current steering switching cell and inter- 
nally compensated reference amplifier of the AD561 are speci- 
fically designed for fast settling operation. The typical settling 
time to 0.05% (1/2LSB) for the worst case transition (major 
carry, 0111111111 to 1000000000) is less than 250ns; the 
lower order bits all settle in less than 200ns. (Worst case settling 
occurs when all bits are switched, especially the MSB.) But full 
realization of this high speed performance requires strict atten- 
tion to detail by the user in all areas of application and testing. 


The settling time for the AD561 is specified in terms of the 
current output, an inherently high speed DAC operating mode. 
However, most DAC applications require a current-to-voltage 
conversion at some point in the signal path, although an un- 
buffered voltage level (not using an op amp) is suitable for use 
in a successive-approximation A/D converter (see next page), 
or in many display applications. This form of conversion can 
give very fast operation if proper design and layoutis done. The 
fastest voltage conversion is achieved by connecting a low value 
resistor directly to the output, as shown in Figure 9, In this 
case, the settling time is primarily determined by the cell 
switching time and by the RC time constant of the AD561 out- 
put capacitance of 25 picofarads (plus stray capacitance) com- 
bined with the output resistor value. Settling to 0.05% of full 
scale (for a full scale transition) requires 7.6 time constants. 
This effect is important for R > 1kQ2. 


If an op amp must be used to provide a low impedance output 
signal, some loss in settling time will be seen due to op amp 
dynamics. The normal current-to-voltage converter op amp cir- 
cuits are shown in the applications circuits using the fast 
settling AD509. The circuits shown settle to +1/2LSB in 
600ns unipolar and 1.1ps bipolar. The DAC output capacitance, 
which acts as a stray capacitance at the op amp inverting input, 
must be compensated by a feedback capacitor, as shown. The 
value should be chosen carefully for each application and each 
op amp type. 

Fastest operation will be obtained by minimizing lead lengths, 


stray capacitance and impedance levels. Both supplies should 
be bypassed near the devices; 0.1uF will be sufficient since the 


AD561 runs at constant supply current regardless of input code. 


POWER SUPPLY SELECTION 

The ADS561 will operate over a wide range of power supply 
voltages, with a total supply from 15.3 to 33 volts. Symmet- 
rical supplies are not required, and in many applications not 
recommended. 


The positive supply level determines the digital threshold level, 
as explained previously and shown in Figure 1. It is therefore 
recommended that Vcc be connected directly to the digital 
supply for best threshold match. 


Positive output voltage compliance range is unaffected by the 
positive supply level because of the open collector output 
stage design; thus the full +10 volt compliance is available even 
with a +5 volt Vcc level. Power supply rejection is excellent, 
so that digital supply noise will not be reflected to the output. 
but use of a 0.1uF bypass capacitor near the AD561 is recom- 
mended for decoupling. 


The nominal negative supply level is -15 volts, with an allow- 
able range of -10.8 to -16.5 volts. The negative supply level 
affects the negative compliance range, as shown in Figure 8. 


OUTPUT VOLTAGE COMPLIANCE 

The AD561 has a typical output compliance range from -3 to 
+10 volts. The output current is unaffected by changes in the 
output terminal voltage over that range. This results from the 
use of open collector output switching stages in a cascode con- 
figuration, and gives an output impedance of 40MQ. Positive . - 
compliance range is limited only by collector breakdown (and _ 
is independent of positive supply level), but the negative range 
is limited by the required bias levels and resistor ladder voltage. 
Negative compliance varies with negative supply, as shown in 
Figure 8, The compliance range is guaranteed to be -2 to +10 
volts with Veg = -15 volts. 


NEGATIVE COMPLIANCE 
VOLTAGE 


-10.8 -15 -16.5 
NEGATIVE SUPPLY, Vee — Volts hie 


Figure 8. Typical Negative Compliance Range Vs. Negative 
Supply 


DIRECT UNBUFFERED VOLTAGE OUTPUT 

The wide compliance range allows direct current-to-voltage con- 
version with just an output resistor. Figure 1 shows a connec- 
tion using the gain and bipolar output resistors to give a +1.66 
volt bipolar swing. In this situation, the digital code is comple- 
mentary binary. Other combinations of internal and external 
output resistors (Rx) can be used to scale to alternate voltage 
ranges, simply by appropriately scaling the 0 to -2mA unipolar 
output current and using the 2.5 volt reference voltage for 
bipolar offset. For example, setting Rx = 2.5k{2 gives a +1 
volt range with a 1k{2 equivalent output impedance. A 0 to 
+10 volt output can be obtained by connecting the 5k&2 gain 
resistor to 9.99 volts; again the digital code is complementary 
binary. 


Figure 9. Unbuffered Bipolar Voltage Output 
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HIGH SPEED 10-BIT A/D CONVERTERS 

The fast settling characteristics of the AD561 make it ideal for 
high speed successive approximation A/D converters. The inter- 
nal reference arid trimmed application resistors allow a 10-bit 
converter system to be constructed with a minimum parts count. 
Shown here is a configuration using standard components; this 
system completes a full 10-bit conversion in 5.5us unipolar or 
12us bipolar. This converter will be accurate to +1/2LSB of 10 
bits and have a typical gain T.C. of 10ppm/°C. 


In the unipolar mode, the system range is 0 to 9.99 volts, with 
each bit having a value of 9.76mV. For true conversion accu- 
racy, an A/D converter should be trimmed so that a given bit 
code output results from input levels from 1/2LSB below to 
1/2LSB above the exact voltage which that code represents. 
Therefore, the converter zero point should be trimmed with an 
input voltage of +4.9mV;; trim Ry until the LSB just begins to 
appear in the output code (all other bits ‘‘0”). For full scale, 
use an input voltage of +9. 9985 volts (10 volts — 1LSB — 1/2LSB); 
then trim R2 again until the LSB just begins to appear (all 
other bits “1’’). 


The bipolar signal range is -5.0 to +4.99 volts. Bipolar offset 


trimming is done by applying a +4.9mvV input signal and trim- 
ming R, for the LSB transition (MSB “‘1”’, all other bits ‘‘0’’). 


Full scale is set by applying -4.995 volts and trimming R2 for 
the LSB transition (all other bits ‘‘0’’). In many applications, 
the pretrimmed application resistors are sufficiently accurate 
that external trimmers will be unnecessary, especially in situa- 
tions requiring less than full 10-bit +1/2LSB accuracy. 


For fastest operation, the impedance at the comparator sum- 
ming node must be minimized, as mentioned in the section on 
settling time. However, lowering the impedance will reduce the 
voltage signal to the comparator (at an equivalent impedance 
of 1kQ, 1LSB = 2mV) to the point that comparator perfor- 
mance will be sacrificed. A 1kQ2 resistor is the optimum value 
for this application for 10-bit accuracy. The chart shown in the 
figure gives the speed of the ADC for +1/2LSB accuracy (and 
no missing codes) for 6, 8 and 10-bit resolution. 


A much faster converter can be constructed by using higher 
performance external components. Each individual high-order 
bit settles in less than 250Ons; the low-order bits less than 200ns. 
Because of this, a staged clock which speeds up for lower bits 
will improve the speed. Also, a faster comparator and Schottky 
TTL or ECL logic would be necessary. 10-bit converters in the 
3 to 5us range could be built around the AD561 with these ~ 
techniques. 


O ANALOG INPUT 0 TO 9.990V OR -5.000 TO +4.990V 


: 9 +15 
Ry +5V 
; 20k 
Rats 50: 
2 16 15 
UNI Q 0.1yF 


“fd NC NC 


CONV. COMP. rs REBEEEED 5 4 
14 
SERIAL DATA OUT —2] pp 5D 
1 AM2504 SAR 
OVE 13 


=: 16 O.1F 12 


CLOCK 
= f= 1-2MHz 


SV +1.5uF TANT. 


+5V ks « gad 
16 2.5k BIPOLAR , 
0.1uF 2.5V 
1 15 
Ch) 
Nu 


M2? ag 


CONVERSION TIME (us) 


=, HIGH QUALITY GROUND 


~~ L. power GRouND 


Figure 10, Fast Precision Analog to Digital Converter 


DIGITAL 4 TO 20mA OR 1 TO 5 VOLT CONVERTER 

A direct digital 4 to 20mA or 1 to 5 volt line driver can be 
built with the AD561 as shown in Figure 11. The 2.5 volt 
reference is divided to provide 1 volt at the op amp non- 
inverting input — thus a zero input code results in a 1 volt out- 
put at the Darlington emitter (Vout). The 2k feedback resis- 
tance converts the nominal 2mA (+20%) full scale output from 
the AD561 to.4 volts, for a total output of 5 volts F.S. The 
voltage at the emitter forces a proportional current through 
the 25002 (which appears at the collector as Igy). The 
ADS561 current is added to the 4—20mA line; thus 5 volts full 
scale gives 22mA in the current loop. For exactly 20mA, trim 
the 1k pot for 4.5V F.S. (A single op amp circuit will not pro- 
duce both 1 to 5 volt and 4 to 20mA outputs simultaneously.) 


SCALE 
ADJUST 


-15V © 
Vout 


1V OFFSET 
ADJUST 


2502 


Figure 11. Digital 4 to 20mA or 1 to 5 Volt Line Driver 
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DIGITALLY PROGRAMMABLE SET-POINT COMPARATOR 
Figure 12 demonstrates a high accuracy systems-oriented set- 
point comparator. The 2.5 volt reference is buffered and ampli- 
fied by the AD741K to produce an exact 10.000 volt reference 
which could be used as a primary system reference for several 
such circuits. The +10 volt compliance of the AD561 then 
allows it to generate a zero to +10 volt output swing through 
the 5kQ application resistor without an additional op amp. The - 
digital code for this system will be complementary binary (all 
1’s give 0.00 volts out). 


+10.000 VOLT SYSTEM REFERENCE 
SYSTEM 20082 
IN 


OVin Vser 


@- Vin ~ 9.990V 
lin = 100nA TYP 


4 
MSB ——z LSB 
OIGITAT IN oe 


“OPTIONAL CAPACITORS FOR BW AND NOISE REDUCTION 


O 
Vin (HI 2) 


Figure 12, Digitally Programmable Set-Point Comparator 


ANALOG 
DEVICES 


FEATURES 

Low Cost 

True 12-Bit Accuracy 

Guaranteed Monotonicity Over Full Temperature Range 
Hermetic 24-Pin DIP 

TTL/DTL and CMOS Compatibility 

Positive True Logic 


PRODUCT DESCRIPTION 

The AD562/AD563 are monolithic 12-bit digital-to-analog 
converters consisting of especially designed precision bipolar 
switches and control amplifiers and compatible high stability 
silicon chromium thin film resistors. The AD563 also includes 
its own internal voltage reference. 


A unique combination of advanced circuit design, high sta- 
bility SiCr thin film resistor processing and laser trimming 
technology provide the AD562/AD563 with true 12-bit 
accuracy. The maximum error at +25°C is limited to +%LSB 
on all versions and monotonicity is guaranteed over the full 
operating temperature range. 


The AD562 and AD563 are recommended for high accuracy 
12-bit D/A converter applications where true 12-bit perform- 
ance is required, but low cost and small size are considera- 
tions. Both devices are also ideal for use in constructing A/D 
conversion systems and as building blocks for higher resolu- 
tion D/A systems. J and K versions are specified for opera- 
tion over the 0 to +70 °C temperature range, the S and T for 
operation over the military temperature range, -55°C 

to +125°C. 


PRODUCT HIGHLIGHTS 


1, The AD562 multiplies in two quadrants when a varying 
reference voltage is applied. When multiplication is not 
required, the AD563 is recommended with its internal 
low drift voltage reference. 


2. True 12-bit resolution is achieved with guaranteed mono- 
tonicity over the full operating temperature range. Volt- 
age outputs are easily implemented by using an external 
operational amplifier and the AD562/AD563s internally 
provided feedback resistors. 


3. The devices incorporate a newly developed and fully dif- 
ferential, non-saturating precision current switching cell 
structure which provides increased immunity to supply 
voltage variation and also reduces nonlinearities due to 
thermal transients as the various bits are switched; nearly 
all critical components operate at constant power dissipation. 


*Covered by Patent Nos. 3,961,326; 4,141,004; 3,747,088; RE 28,633; 
3,803,590; 4,020,486; the AD563 is also covered by 4,213,806; 
4,136,349. 


= = @ - ‘( 12-Bit 
D/A Converter 
ADS62/AD963°" 


AD562, AD563 PIN CONFIGURATIONS . 


Voc +5V/+15V IN [1 24[] BIT 1 (MSB) IN 
(15mA) 


CMOS/TTL 
YOGIC THRESHOLD L 2 23] BIT 2 IN 


REF.V LOIN[]3 221] BIT 3 IN 


AMP SUMMING 
SUNCTION 4 21[] B14 IN 


REF.V HIIN [15 BIT 5 IN 


Vee -15V IN i 6 


* 1 (76 IN 
(20mA) : 98 


BIPOLAR OFFSET RIN [|7 oi 18[] BIT 7 IN 
BIPOLAR OFFSET R OUT []8 171] Bit 8 IN 
DAC OUT (-2mA F.S.) |] 9 16[] BIT 9 IN 
10v SPAN R[] 10 15[] BIT 10 IN 
20V SPAN R{] 11 wfJeiri. in 


Gro [}12 13 [] CIT 12 (LSB) IN 


AD562 


Vcc +5V/+15V IN BIT 1 (MSB) IN 


CMOS/TTL 


LOGIC THRESHOLO BIT 2 IN 


REFERENCE SUPPLY IN BIT3 IN | 


REFERENCE OUT 
(+2.5V *3%) 


BIT 4 IN 
REF GRO BIT 5 IN 
REFERENCE IN BIT6 IN 
Vee -18V BIT7 IN 
BIPOLAR OFFSET IN BITS IN 
DAC OUT (-2mA FS.) BITS IN 
10V SPAN R BIT 10 IN 
20V SPAN R BIT 11 IN 


BIT 12 (LSB) IN 


GRO 


AD563 


4. The thin film resistor network contains gain, range, and 


bipolar offset resistors so that various output voltage 
ranges can be programmed by changing connections to 
the device terminal leads. Thin film resistors are laser _ 
trimmed while the device is powered to accurately cali- 
brate all scale factors. The scale factors are dependent 
upon the tracking coefficient (<+2ppm/°C) of these re- 
sistors, rather than upon their absolute temperature 
coefficients. 


5. TTL or CMOS input can be accommodated for supply 
voltages from +5V to +15V. 


6. Positive true logic eliminates the need for additional in- 
verter components. 
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SPECIFICATIONS «, = _ unless otherwise a 


AD562KD/BIN 


AD562AD/BIN AD562SD/BIN 
MODEL AD562KD/BCD AD562AD/BCD AD562SD/BCD 
DATA INPUTS (positive True, Binary 
(BCD) and Offset Binary (BCD)) 
TTL, Voc = +5V, Pin 2 
Open Circuit 
Bit ON Logic “1” +2.0V 
Bit OFF Logic “0” +0.8V max 
CMOS, 4.75 <Vo¢c <15.8, 
Pin 2 Tied to Pin 1 
Bit ON Logic “1” 70%Vcc min . 
Bit OFF Logic “0” 30%Voc max" a 
Logic Current (Each Bit) 
Bit ON Logic “1” +20nA typ, +100nA max | 
Bit OFF Logic “0” -SOuA typ, -100UA max 
OUTPUT 
Current 
Unipolar -1.6mA min, -2.0mA typ, -2.4mA max . 
Bipolar £0.8mA min, +1.0mA typ, +1.2mA max . - 
Resistance (Exclusive of 
Span Resistors) - - 5.3kQ min, 6.6kQ typ, 7.9kQ max ‘ * 
Unipolar Zero (All Bits OFF) 0.01% of F.S. typ, 0.05% of F.S. max : : 
Capacitance _ 33pF typ = s : 
_ Compliance Voltage -1.5V to +10V typ . * 
RESOLUTION 

Binary 12 Bits i . 

BCD \ 3 Digits 8 . 
ee 
ACCURACY (Error Relative 

to Full Scale) 

Binary +1/2LSB max * +1/4LSB max 
BCD +1/2LSB max . +1/10LSB max 
DIFFERENTIAL NONLINEARITY +1/2LSB max by : 
SETTLING TIME TO 1/2LSB 

All Bits ON-to-OFF or OFF-to-ON 1.5pts typ bs . me 
POWER REQUIREMENTS 

Vcc: +4.75 to +15.8V de 15mA typ, 18mA max i 4 

Ver: -15V de 5% 20mA typ, 25mA max - 


POWER SUPPLY GAIN SENSITIVITY 


Vec @ +5V de 2ppm of F.S./% max 
Vec @ +15V de 2ppm of F.S./% max : 
Ver @ -15V de 6ppm of F.S./% max 
TEMPERATURE RANGE 
Operating 0 to +70°C typ -25°C to +85°C -55°C to +125°C 
Storage ~65°C to +150°C typ . : 


TEMPERATURE COEFFICIENT 


Unipolar Zero 2ppm of F.S./°C max . 2ppm of F.S./°C max 
Bipolar Zero 4ppm of F.S./°C max : . 
Gain 5ppm of F.S./°C max 24 * 
Differential Nonlinearity 2ppm of F.S./°C . 1ppm of F.S./°C 
MONOTONICITY Guaranteed Over Full Operating . > 
- Temperature Range 
EXTERNAL ADJUSTMENTS! ; 
Gain Error with Fixed 502 Resistor +0.2% of F.S. typ - : 
Bipolar Zero Error with Fixed 
502 Resistor +0.1% of F.S. typ . = 
Gain Adjustment Range 0.25% of F.S. typ f : 
Binary Bipolar Zero Adjustments 
Range +0.25% of F.S. typ : ae . 
BCD Bipolar Offset Adjustment 
Range +0.17% of F.S. typ * . 
PROGRAMMABLE OUTPUT 
RANGES 0 to +5V typ : . 
-2.5V to +2.5V typ > : 
OV to +10V typ . . 
-5V to +5V typ : : 


-10V to +10V typ 


REFERENCE INPUT SS ee 


Input Impedance 


20k22 typ 7 ° 


*Specifications same as AD562KD. °°Specifications same as AD563KD, °**Specifications same as AD563JD. 1 Device calibrated with internal reference. 
Specifications subject to change without notice. 
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AD563JD/BIN AD563KD/BIN AD563SD/BIN AD563TD/BIN 
AD563JD/BCD AD563KD/BCD AD563SD/BCD AD563TD/BCD 


*e ¢ 


* ‘s 
s s s 
* 
s s s 
* : & 
s s s s 
s s s s 
s s s s 
s s s s : 
LL TT 
* s s s 
s 
+1/4LSB bid +2 
+1/4LSB be = 
s * 
s s 2s s 
15mA typ, 20mA max as ddd ees 
s * * * 
3ppm of F.S./% typ, 10ppm of F.S./% max ‘*** bales ad 
3ppm of F.S./% typ, 10ppm of F.S./% max ‘*** 7a ded 
14ppm of F.S./% typ, 25ppm of F.S./% max *** eee er 
: -55°C to +125°C -55°C to +125°C 
s s s 
With Internal Reference 
ppm of F.S./°C typ, 2ppm of F.S./°C max *** ees ee 
10ppm of F.S./°C max oes +e oes 
5Oppm of F.S./-C max 20ppm of F.S./°C max 30ppm of F.S./°C max 10ppm of F.S./°C max 
s 2 e s 
s s s * 
With Fixed 102 Resistor 
+0.2% of F.S. typ ase ee ees 


* 
* 
* 
* 


* 
* 
* 
* 


* * * * 
* » ° * * 
* * * * 
* * * * 
* * * * 
5kQ typ ees oes see 
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THE AD562/AD563 OFFERS TRUE 12-BIT RESOLUTION 
OVER FULL TEMPERATURE RANGE 


Accuracy: Analog Devices defines accuracy as the maximum 
deviation of the actual DAC output from the ideal analog 
output (a straight line drawn from 0 to F.S. — 1LSB) for 
any bit combination. The AD563, for example, is laser 
trimmed to %LSB (0.006% of F.S.) maximum error at +25°C 
for K, S and T versions .. . %LSB for the J version. 


Monotonicity: A DAC is said to be monotonic if the output 
either increases or remains constant for increasing digital in- 
puts such that the output will always be a single-valued func- 
tion of the input. All versions of the AD562/AD563 are 
monotonic over their full operating temperature range. 


Differential Nonlinearity: Monotonic behavior requires that 
the differential nonlinearity error be <1LSB both at 25°C 
and over the temperature range of interest. Differential non- 
linearity is the measure of the variation in analog value, nor- 
malized to full scale, associated with a one LSB change in . 
digital input code. For example, for a 10V full-scale output, 
a change of one LSB in the digital input code should result 
in a 2.4mV change in the analog output (10V x 1/4096 = 
2.4mV). If in actual use, however, a one LSB change in the 
input code results in a change of 1.3mV in analog output, the 
differential nonlinearity would be 1.1mV, or 0.011% of F.S. 
The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
-. Operating temperature range. A differential nonlinearity tem- 
" perature coefficient of Ilppm/°C could, under worst case con- 
ditions for a a temperature change of +25°C to +125°C, add 
0.01% (100°C x 1ppm/°C) of error. The resulting error could 
then be as much as 0.006% + 0.01% = 0.016% of F.S. (1LSB 
represents 0.024% of F.S.). All versions of the AD563 are 
100% tested to be monotonic over the full operating tem- 
perature range. 
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UNIPOLAR DAC’s 

STEP I... OUTPUT RANGE 

Determine the output range required. For +10V F‘'S., con- 
nect the external operational amplifier output to Pin 10 and 
leave Pin 11 unconnected. For +5V F.S., connect the exter- 
nal op amp output to Pin 10 and short Pin 11 to Pin 9. 


STEP Il... ZERO ADJ UST 
Turn all bits OFF and adjust R,; until op amp output is 0 
volts. 


STEP Ill... GAIN ADJUST 
Turn all bits ON for binary DAC’s (bits 1,4, 5, 8, 9 and 12 
ON for BCD DAC’s). Adjust Ry until op amp output is: 


BINARY BCD 
4.9988V for +5V Range 4.9950 for +5V Range 
9.9976 for +10V Range 9.9900 for +10V Range 


BIPOLAR DAC’s: 
Figure 1b is a typical connection scheme for the AD563 
used in bipolar operation. 


STEP I... OUTPUT RANGE 

Determine the output range required. For +10V F.S., con- 
nect the external op amp output to Pin 11 and leave Pin 10 un- 
connected. For +5V F.S., connect the external op amp out- 
put to Pin 10 and leave Pin 11 unconnected. For +2.5V F‘S., 
connect the external op amp output to Pin 10 and short 

Pin 11 to Pin9. 


STEP II... OFFSET ADJUST 
Turn all bits OFF and adjust R3 until op amp output is: 
-2.5000V for +2.5V Range 
-5.0000V for +5V Range 
-10.0000V for +10V Range 


STEP III... GAIN ADJUST (Bipolar Zero) 
Turn bit 1 ON for Binary DAC’s (bits 2 and 4 ON for BCD 
DAC’s). Adjust R2 until op amp output is 0 volts. 


-15V +5/+15V , . ' 
(NOTE 1) 


24 23 22 21 20 19 18 17 16 15 14 13 


BIT 1 (MSB) 


sire 
BIT V1 
BIT 12 (LSB: 


CONTROL AMP 
SUMMING 4 
JUNCTION © 


GAIN ADJ. 


9.950k 
(15.95k) 


UNIPOLAR 
OFFSET ADJ. 
1002, wp ee Re Sane a eedea Sia oe 
BIPOLAR OFFSET ADJ. A = ANALOG GROUND 
AD562 in Typical Unipolar and Bipolar Connection Scheme . ee 
+5V/+15V 
CMOS/TTL 
THRESHOLD 
24 23 22 21 20 19 18 17 16 15 14 13 
aaa ee == 


AD301AL 


Rx 
(NOTE 2) 
R1 UNIPOLAR 
20k OFFSET 
15T ADJUST 


-15V 
AD563 in Typical Unipolar Connection Scheme 


+5V/+15V 


CMOS/TTL 
THRESHOLD 


Rx (NOTE 2) 


BIPOLAR OFFSET 
ADJUST 
R3 
2082 15T 


FOR TTL AND DTL COMPATIBILITY, CONNECT +5 VOLTS NOTE 2. IN UNIPOLAR OPERATION, Rx SHOULD BE MADE EQUAL TO 
TO PIN 1 AND LEAVE PIN 2 OPEN. THE PARALLEL COMBINATION OF THE INTERNAL FEEDBACK 
FOR LOW VOLTAGE CMOS COMPATIBILITY, CONNECT +5 RESISTOR AND 6.6k. IN BIPOLAR, Rx EQUALS THE FEEDBACK 
VOLTS TO PIN 1 AND SHORT PIN 2 TO PIN 1. RESISTOR IN PARALLEL WITH 1.8k. 

FOR HIGH VOLTAGE CMOS COMPATIBILITY, CONNECT +15 NOTE 3. RESISTOR VALUES IN PARENTHESES ARE FOR BCD MODEL. 
VOLTS TO PIN 1 AND SHORT PIN 2 TO PIN 1. NOTE 4. SUPPLIES MAY BE BYPASSED WITH 0.14F CAPACITORS. 


AD563 in Typical Bipolar Connection Scheme 
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PIN CONFIGURATIONS 


24-LEAD SIDE BRAZE CERAMIC DUAL IN-LINE PACKAGE 


Voc +5V/+15V IN 7] 4 
(15mA) 
CMOS/TTL rT} 2 
' OGIC THRESHOLD : 
REF.V LOIN[]3 
AMP SUMMING [] , 
JUNCTION 
REF.V HUIN [15 
Vee -15V IN 
(20mA) | 6 
BIPOLAR OFFSET RIN | }7 
BIPOLAR OFFSET R OUT | |8 
DAC OUT (-2mA F.S.) [] 9 
10V SPAN R{}10 


20V SPAN R{] 11 


MODEL 


AD562KD/BIN 
AD562KN/BIN 
- AD562KD/BCD 
AD562KN/BCD 
AD562AD/BIN 
AD562AD/BCD 
AD562SD/BIN 


AD562SD/BCD | 


AD563JD/BIN 
AD563JN/BIN 
AD563JD/BCD 
AD563JN/BCD 
AD563KD/BIN 
AD563KN/BIN 
AD563KD/BCD 
AD563KN/BCD 
AD563SD/BIN 
AD563SD/BCD 
AD563TD/BIN 
AD563TD/BCD 


Gro [} 12 


23{] 8IT 2 IN 
22{] BIT 3 IN 
21t} BIT 4 IN 
20{] BITS IN 
191] BIT6 IN 
181] BIT 7 IN 
17]] 8I7 8 IN 
16{] 81T9 IN 
15[] BIT 10 IN 


wa{}eiti1 IN 


AD562 


INPUT CODE 


Binary 
Binary 
Binary Coded Decimal 
Binary Coded Decimal 
Binary 
Binary Coded Decimal 
Binary 
Binary Coded Decimal 
Binary 
Binary 
Binary Coded Decimal 
Binary Coded Decimal 
Binary 
Binary 
Binary Coded Decimal 
Binary Coded Decimal 
Binary 
Binary Coded Decimal 
Binary 
Binary Coded Decimal 


1 See Section 20 for package outline information, 
2 To be available June 1982. 


247] BIT 1 (MSB) IN 


13 {] BIT 12 (LSB) IN 


TOP VIEW 


ORDERING GUIDE 


TEMP. 
RANGE 


0 to +70°C 

0 to +70°C 

0 to +70°C 

0 to +70°C 
-25°C to +85°C 
-25°C to +85°C 
-~55°C to +125°C 
-§5°C to +125°C 
0 to +70°C 

0 to +70°C 

0 to +70°C 

0 to +70°C 

0 to +70°C 

0 to +70°C 

0 to +70°C 

0 to +70°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 
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24 LEAD DUAL IN-LINE PACKAGE 


Voc +8V/+16V IN [14 


CMOS/TTL 2 
LOGIC THRESHOLD 
REFERENCE SUPPLY IN | | 3 


REFERENCE OUT | | 4 
(+2.5V ¢3%) 


REF GRO [|5 
REFERENCE IN []6 

Vee -15V 
BIPOLAR OFFSET IN| |8 
DAC OUT (-2mA F.S.) [] 9 
10V SPAN R[] 10 

20v sPAN A [] 11 


GAD [}12 


ACCURACY 
@ +25°C 


+1/2LSB max 
+1/2LSB max 
+1/2LSB max 
+1/2LSB max 
+1/2LSBmax 
+1/2LSB max 
+1/4LSB max 
+1/10LSB max 
+1/2LSB max 
+1/2LSB max 
+1/2LSB max 
+1/2LSB max 
+1/4LSB max 
+1/4LSB max 
+1/4LSB max 
+1/4LSB max 
+1/4LSB max 
+1/4LSB max 
+1/4LSB max 
+1/4LSB max 


24{] BIT 1 (MSB) IN 


23] | BIT 2 IN 


22{] BIT3 IN 


21[{] BIT 4 IN 


AD563 


GAIN T.C. 
(of F.S./°C) 


3ppm max 
3ppm max 
3ppm max 
3ppm max 
3ppm max 
3ppm max 
3ppm max - 
3ppm max 
SOppm max 
SOppm max 
5Oppm max 
5Oppm max 


20ppm max | 


20ppm max 
20ppm max 
20ppm max 
30ppm max 
30ppm max 
10ppm max 
10ppm max 


20f] BITS IN 
19{] BIT 6 IN 
18]] BIT 7 IN 
17{|} BIT 8 IN 
16[] BIT 9 IN 
15[] BIT 10 IN 
ya[}erria in 


13 [] BIT 12 (LSB) IN 


PACKAGE! 
OPTIONS 


D24A 
N24A? 
D24A 
N24A? 
D24A 
D24A 
D24A 
D24A 
D24A 
N24A2 
D24A 
N24A? 
D24A 
N24A? 
D24A 
N24A? 
D24A 
D24A 
D24A 
D24A 


ANALOG 
DEVICES 


FEATURES 
Single Chip Construction 
Very High Speed: Settles to 1/2LSB in 200ns 
Full Scale Switching Time: 30ns 

High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD565K, T) 
Low Power: 225mW Including Reference 
Pin-Out Compatible with AD563 
Low Cost . 


PRODUCT DESCRIPTION 

The AD565 is a fast 12-bit digital-to-analog converter combined 
with a high stability voltage reference on a single monolithic 
chip. The AD565 chip uses 12 precision, high speed bipolar cur- 
rent steering switches, control amplifier, laser-trimmed thin film 
resistor network, and buried Zener voltage reference to pro- 
duce a very fast, high accuracy analog output current. 


The combination of performance and flexibility in the AD565 
has resulted from major innovations in circuit design, an im- 
portant new high-speed bipolar process, and continuing ad- 
vances in laser-wafer-trimming techniques (LWT). The AD565 
has a 10 — 90% full scale transition time under 35 nanoseconds 
and settles to within +1/2LSB in 200 nanoseconds. AD565 
chips are laser-trimmed at the wafer level to +1/8LSB typical 
linearity and are specified to +1/4LSB max error (K and T 
grades) at +25°C. This high speed and accuracy make the 
AD565 the ideal choice for high speed display drivers as well 
as fast analog-to-digital converters. 


The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best dis- 
crete reference diodes. The laser trimming process which pro- 
vides the excellent linearity is also used to trim both the abso- 
lute value of the reference as well as its temperature coefficient. 
The AD565 is thus well suited for wide temperature range 
performance with maximum linearity error +1/2LSB and 
guaranteed monotonicity over the full temperature range. 
Typical full scale gain T.C. is 10ppm/°C. 


The AD565 is available in four performance grades and two 
package types. The AD565J and K are specified for use over 
the 0 to 70°C temperature range and are both available in 
either a 24-pin, hermetically-sealed, side-brazed ceramic DIP 

or a 24 pin plastic DIP. The AD565S and T grades are specified 
for the -55°C to +125°C range and are available in the 
ceramic package. 


*Covered by Patent Nos. 3,803,590; 3,747,088; 4,020,486; 
RE 28,633; 4,213,806; 4,136,349. 


Complete High Speed 12-Bit 
Monolithic D/A Converter 


ADS65* 


AD565 PIN CONFIGURATION 


24 LEAD DUAL IN-LINE PACKAGE 


24 [ | BIT 1 (MSB) IN 
2 PIN1 BIT2 IN 
IDENTIFIER 

Voc +15V BIT 3 IN 
REF OUT (+10V 21%) BIT 4 IN 
REFERENCE GND BITS IN 
REFERENCE IN BIT6 IN 
Veg -15V BIT7 IN 
BIPOLAR OFFSET IN BITS IN 
DAC OUT (-2mA F.S.) BIT 9 IN 
10V SPAN R BIT 10 IN. 
20V SPAN R 147] BIT11) IN 
POWER GND 13 [ | BIT 12 (LSB) IN 
PRODUCT HIGHLIGHTS 

1. The AD565 is a self-contained current output DAC and 


voltage reference fabricated on a single IC chip. 


i 

4 

fe 

2. The device incorporates a newly developed* fully differen- 10, 


tial, non-saturating precision current switching cell structure 
which combines the dc accuracy and stability first developed 
in the AD562 with very fast switching times and an opti- 
mally-damped settling characteristic. 

3. The internal buried zener reference is laser-trimmed to 
10.00 volts with a +1% maximum error. The reference volt- 
age is available externally and can supply up to 1.5mA 
beyond that required for the reference and bipolar offset 
resistors. 


4. The chip also contains SiCr thin film application resistors 
which can be used either with an external op amp to pro- 
vide a precision voltage output or as input resistors for a 
successive approximation A/D converter. The resistors are 
matched to the internal ladder network to guarantee a low 
gain temperature coefficient and are laser-trimmed for mini- 
mum full scale and bipolar offset errors. 

5. The pin-out of the AD565 is compatible with the industry- 
standard AD563 so that a system can easily be upgraded to 
higher speed performance without board changes. 

6. The single-chip construction makes the AD565 inherently 
more reliable than hybrid multi-chip designs. The AD565S 
and T grades with guaranteed linearity and monotonicity 
over the -55°C to +125°C range are especially recommended 
for high reliability needs in harsh environments. These units 
are available processed to MIL-STD-883, Level B. 
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SPECIFICATIONS a = +25°C, vec = 4 5V, VEE =-15V, unless otherwise specified) 


AD565J 
MODEL MIN TYP MAX 
DATA INPUTS (Pins 13 to 24) 
TTL or 5 Volt CMOS (Tyin to Tmax) 
Input Voltage 
Bit ON Logic “1” +2.0 +5.5 
Bit OFF Logic ‘‘0” +0.8 
Logic Current (each bit) 
Bit ON Logic “1” +120 +300 
Bit OFF Logic “0” +35 +100 
RESOLUTION 12 
OUTPUT 
Current 
Unipolar (all bits on) -1.6 -2.0 -2.4 
Bipolar (all bits on or off) +0.8 +1.0 £1:2 
Resistance (exclusive of span . 
resistors) 6k 8k 10k 
Offset 
Unipolar 0.01 0.05 
Bipolar (502 fixed) 0.05 0.15 
Capacitance + 25 
Compliance Voltage 
Tmin to Tmax -1.5 +10 
ACCURACY (error relative to 
full scale) +25°C +1/4 +1/2 
(0.006) (0.012) 
Tmin tO Tmax +1/2 +3/4 
(0.012) (0.018) 


DIFFERENTIAL NONLINEARITY 
+25°C . +1/2 +3/4 
Tria tO Tenax MONOTONICITY GUARANTEED 


TEMPERATURE COEFFICIENTS 
With Internal Reference 


Unipolar Zero 1 2 
Bipolar Zero 5 10 
Gain (Full Scale) 15 30 


Differential Nonlinearity 
SETTLING TIME TO 1/2LSB 


All Bits ON-to-OFF or OFF-to-ON 200 400 
FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 15 30 
90% to 10% Delay plus Fall Time 30 50 
TEMPERATURE RANGE 
Operating 0 +70 
Storage (D Package) -65 +150 
Storage (N Package) -25 +100 
POWER REQUIREMENTS 
Vcc, +13.5 to +16.5V de 3 5 
VEE, -13.5 to -16.5V dc -12 -18 
POWER SUPPLY GAIN SENSITIVITY 
Vcc = +15V, +10% 3 10 
Ver = -15V, +10% 15 25 
PROGRAMMABLE OUTPUT 
RANGE 0 to +5 
-2.5 to +2.5 
0 to +10 
-5 to +5 
-10 to +10 
EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 
Resistor +0.1 +0.25 
Bipolar Zero Error with Fixed 
5022 Resistor +0.05 +0.15 
Gain Adjustment Range +0.25 


Bipolar Zero Adjustment Range = £0.15 
REFERENCE INPUT 


Input Impedance . 15k 20k 25k 
REFERENCE OUTPUT : 
Voltage 9.90 10.00 10.10 
Current (available for external 
loads) 1.5 2.5 
POWER DISSIPATION 225 4 


Specifications subject to change without notice. 
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MIN 


AD565K 
TYP 


+1/8 
(0.003) 
+1/4 


(0.006) 


+1/4 


0 to +5 


MAX 


+5.5 
+0.8 


+300 
+100 


+1/4 


(0.006) 


21/2 


(0.012) 


41/2 


MONOTONICITY GUARANTEED 


-2.5 to +2.5 


0 to +10 
-S5tot5 


-10 to +10 


10.10 


345 


UNITS 


ns 


mA 
mA 


ppm of F.S./% 
ppm of F.S./% — 


<<< << 


mA 
mW 


Specifications subject to change without notice. 


AD565S AD565T 
MODEL MIN TYP — MAX MIN TYP MAX UNITS | 
DATA INPUTS (Pins 13 to 24) 
TTL or 5 Volt CMOS (Trin tO Tmax) 
Input Voltage 
Bit ON Logic “1” +2.0 +3.5 Vv 
Bit OFF Logic ‘‘0” +0.8 Vv 
Logic Current (each bit) 
Bit ON Logic “1” +120 +300 LA 
Bit OFF Logic “0” +35 +100 BA 
RESOLUTION 12 Bits 
OUTPUT 
Current 
Unipolar (all bits on) -1.6 -2.0 -2.4 | mA 
Bipolar-(all bits on or off) +0.8 +1.0 +12 mA 
Resistance (exclusive of span 
resistors) 6k 8k 10k Q 
Offset 
Unipolar 0.01 0.05 % of F.S 
Bipolar (50Q fixed) 0.05 0.15 % of F.S 
Capacitance 25 pF 
Compliance Voltage ; 
Tin tO Tenax -1.5 +10 Ve 
ACCURACY (error relative to: “ 
full scale) +25°C +1/4 +1/2 “LSB 
(0.006) (0.012) % of F.S 
Tmin to Tmax +1/2 +3/4 LSB 
(0.012) (0.018) % of F.S 
DIFFERENTIAL NONLINEARITY 
+25°C +1/2 +3/4 +1/4 +1/2 LSB 
Tmin tO Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 
TEMPERATURE COEFFICIENTS 
With Internal Reference 5 
Unipolar Zero 1 2 1 2 ppm/ Cc 
Bipolar Zero 10 : * 10 ppm/ C 
Gain (Full Scale) 15 30 10 15 ppm/ Cc 
Differential Nonlinearity 2 2 ppm/ C 
SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OFF-to-ON 200 400 200 400 ns 
FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Tine 15 30 15 .30 ns 
90% to 10% Delay plus Fall Time 30 50 30 50 ns 
TEMPERATURE RANGE 
Operating -55 +125 -55 +125 °C 
Storage (D Package) -65 +150 -65 +150 Cc 
POWER REQUIREMENTS 
Vcc, +13.5 to +16.5V de 3 5 mA 
VEE, -13.5 to -16.5V dc -12 -18 mA 
POWER SUPPLY GAIN SENSITIVITY 
Vcc = +15V, +10% 3 10 ppm of F.S./% 
VEE = -15V, +10% 15 25 ppm of F.S./% 
PROGRAMMABLE OUTPUT 
RANGE 0 to +5 0 to +5 Vv 
-2.5 to +2.5 -2.5'to +2.5 Vv 
0 to +10 0 to +10 V 
-5 to +5 -§5 to +5 Vv 
-10 to +10 -10 to +10 V 
EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 
Resistor +0.1 +0.25 % of F.S 
Bipolar Zero Error with Fixed 
502 Resistor +0.05 +0.15 % of F.S 
Gain Adjustment Range +0.25 % of F.S 
Bipolar Zero Adjustment Range = +0.15 % of F.S 
REFERENCE INPUT 
Input Impedance 15k ~—- : 20k 25k 15k 20k 25k 22 
REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 9.90 10.00 10.10 Vv 
Current (available for external 
loads) 1.5 255 1.5 2.5 mA 
POWER DISSIPATION 225 345 ae eee eee mW 
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ABSOLUTE MAXIMUM RATINGS 


Vcc to Power Ground... .... 05. e eee eee .OV to +18V 
Vek to Power Ground .. 1... 2. eee eee eee OV to -18V 
Voltage on DAC Output (Pin 9)............ -3Vto+12V 
Digital: Inputs (Pins 13 to 24) to Power Ground... . -1.0V to 
+7.0V 

Ref Into Reference Ground ......... 0.00 ee eee +12V 
Bipolar Offset to Reference Ground ............-.. +12V 
10V Span R to Reference Ground ............04- +12V 
20V Span R to Reference Ground .............--. +24V 
REBOUCs j.0-aisca dss, a's hte ate Indefinite short to power ground 
Momentary Short to Vcc 

Power Dissipation ew xs oa Aa 2a 8 ae eee 1000mW 


THE AD565 OFFERS TRUE 12-BIT PERFORMANCE OVER 
THE FULL TEMPERATURE RANGE 

ACCURACY: Analog Devices defines accuracy as the maxi- 
mum deviation of the actual, adjusted DAC output from the 
ideal analog output (a straight line drawn from 0 to F.S.— 
1LSB) for any bit combination. The AD565 is laser trim- 

med to 1/4LSB (0.006% of F.S.) maximum error at +25°C 

for the K and T Versions—1/2LSB for the J and S. 


MONOTONICITY: A DAC is said to be monotonic if the out- 
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 


function of the input. All versions of the AD565 are monotonic 
over their full operating temperature range. 


DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than 

1LSB both at +25°C and over the temperature range of inter- 
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB - 
change in digital input code. For example, for a 10 volt full 
scale output, a change of 1LSB in digital input code should 
result in a 2.44mV change in the analog output (1LSB = 10V x 
1/4096 = 2.44mV). If in actual use, however, a 1LSB change in 
the input code results in a change of only 0.61mV (1/4LSB) in 


analog output, the differential linearity error would be 


1.83mV, or 3/4LSB. The AD565K and T have a max differen- 
tial linearity error of 1/2LSB, which is a tighter specification 
than to simply guarantee monotonicity. 


_ The differential nonlinearity temperature coefficient must also 


be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity temper- 
ature coefficient of 1.0ppm/°C could under worst case condi- 
tions for a temperature change of +25°C to +125°C add 0.01% 
(100 x 1.0ppm/°C of error). The resulting error could then be 
as much as 0.01% + 0.006% = 0.016% of F.S. (1/2LSB repre- — 
sents 0.012% of F.S.). To be sure of accurate performance 

all versions of the AD565 are therefore 100% tested for 
monotonicity over the full operating temperature range. 


AD565 ORDERING GUIDE 


LINEARITY 
ERROR MAX MAXGAINT.C. PACKAGE 
MODEL PACKAGE TEMP RANGE @ 25°C (ppm of F.S.°C) STYLE! 

AD565JD/BIN Ceramic 0to+70°C +1/2LSB 30 D24A 
AD565KD/BIN Ceramic 0 to+70°C +1/4LSB 20 D24A 
AD565SD/BIN Ceramic -55 Cto+125°C +1/2LSB 30 D24A 
AD565SD/BIN/883B Ceramic -55°Cto+125°C +1/2LSB 30 D24A 
ADS565TD/BIN Ceramic -55°C to +125°C +1/4LSB 15 D24A 
AD565TD/BIN/883B Ceramic -55'Cto+125°C +1/4LSB 15 D24A 


1See Section 20 for package outline information. 
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Complete High Speed 12-Bit 
Monolithic D/A Converter 
AD565A* 


AD565A FUNCTIONAL BLOCK DIAGRAM 


REF OUT Vcc 


ANALOG 
DEVICES 


FEATURES 

Single Chip Construction 

Very High Speed: Settles to 1/2LSB in 250ns max 
Full Scale Switching Time: 30ns 

High Stability Buried Zener Reference on Chip 

Monotonicity Guaranteed Over Temperature 

Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD565AK, T) 

Guaranteed for Operation with +12V Supplies 

Low Power: 225mW Including Reference 

Pin-Out Compatible with AD563, AD565 

Low Cost 


: ia 
PRODUCT DESCRIPTION 


The ADS65A is a fast 12-bit digital-to-analog converter com- 
bined with a high stability voltage reference on a single mono- 
lithic chip. The AD565A chip uses 12 precision, high speed 
bipolar current steering switches, control amplifier, laser-trim- 
med thin film resistor network, and buried Zener voltage ref- 
erence to produce a very fast, high accuracy analog output 1. 
current. 


24-PIN DUAL IN LINE PACKAGE 


PRODUCT HIGHLIGHTS 

The ADS565A is a self-contained current output DAC and 
voltage reference fabricated on a single IC chip. 10. 
2. The device incorporates a newly developed, fully differen- 

tial, non-saturating precision current switching cell structure 

which combines the dc accuracy and stability first developed 

in the AD562 with very fast switching times and an opti- 
mally-damped settling characteristic. 


The combination of performance and flexibility in the AD565A 
has resulted from major innovations in circuit design, an im- 

_ portant new high-speed bipolar process, and continuing ad-, 
vances in laser-wafer-trimming (LWT) techniques, The AD565A 
has a 10 — 90% full scale transition time under 35 nanoseconds 
and settles to within +1/2LSB in 250 nanoseconds max. The 3. 
AD565A chips are laser-trimmed at the wafer level to +1/8LSB 


The internal buried zener reference is laser-trimmed to 
10.00 volts with a +1% maximum error. The reference volt- 


typical linearity and are specified to +1/4LSB max error (K 
and T grades) at +25°C. This high speed and accuracy make | 
the AD565A the ideal choice for high speed display drivers as 


age is available externally and can supply up to 1.5mA 


beyond that required for the reference and bipolar offset 
resistors. 


well as fast analog-to-digital converters. | 4. The chip also contains SiCr thin film application resistors 
The subsurface (buried) Zener diode on the chip provides a | which on be used either with an ecternal cere he se 
low-noise voltage reference which has long-term stability and vide a Precion voltage OUCDE EOE As inpee teeters roe 
temperature drift characteristics comparable to the best dis- ee ee py D CONVET ETHerester ; = 
crete reference diodes. The laser trimming process which pro- matched to the internal maaeer neEwOrK te Seeaenoseaiole 
vides the excellent linearity is also used to trim both the abso- Ban eu periaes fees cies bls ate laser tn meconminy 
lute value of the reference as well as its temperature coefficient. slags ; pacraieres ies fect : a ee ; ; 

The ADS565A is thus well suited for wide temperature range - 5. The pin-out of the AD565A is compatible with the industry- 
performance with maximum linearity error +1/2LSB and standard AD563, AD565 so that a system can easily be up- 
guaranteed monotonicity over the full temperature range. graded to higher speed performance without board changes. 
Typical full scale gain T.C. is 10ppm/°C. 6. The single-chip construction makes the AD565A inherently 


The AD565A is available in four performance grades, The 
AD565AJ and K are specified for use over 0 to +70°C tem- 
perature range and are available in a 24-pin hermetically- 
sealed, side-brazed ceramic DIP. The AD565AS and T grades 
are specified for the -55°C to +125°C range and are available 
in the ceramic package. 


*Covered by Patent Nos.: 3,803,590; RE 28,633; 4,213,806; 
4,136,349, 


. more reliable than hybrid multi-chip designs. The AD565AS 


and T grades with guaranteed linearity and monotonicity 
over the -55°C to + 125°C range are especially recommended 
for high reliability needs in harsh environments, These units 


_ are available processed to MIL-STD-883, Level B. 
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SPECIFICATIONS (Ta =+25°C, Vec=+15V, Vcc =-15V, unless otherwise specified) 


' The digital inputs are guaranteed but not tested over the operating temperature range. 


? The power supply gain sensitivity is tested in reference to a VCC, VEE of t15V dc. 
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ADS65AJ AD565AK 
MODEL = MIN. TYP MAX MIN TYP MAX UNITS 
DATA INPUTS! (Pins 13 to 24) 
TTL or5 Volt CMOS 
Input Voltage 
Bit ON Logic “1” +2.0 +5.5 Vv 
Bit OFF Logic ‘‘0”’ +0.8 Vv 
Logic Current (each bit) 
Bit ON Logic “1” +120 +300 HA 
Bit OFF Logic ‘‘0”’ +35 +100 MA 
RESOLUTION 12 Bits 
OUTPUT 
Current ; 
Unipolar (all bits on) -1.6 -2.0 -2.4 mA 
Bipolar (all bits on or off) +0.8 +1.0 £122 mA 
Resistance (exclusive of span 
resistors) 6k 8k 10k 2 
Offset 
Unipolar 0.01 0.05 % of F.S 
Bipolar (Figure 3, R2 = 50Q fixed) 0.05 0.15 % of F.S 
Capacitance oat 25 pF 
Compliance Voltage 
ACCURACY (error relative to 
full scale) +25°C +1/4 +1/2 +1/8 +1/4 LSB 
(0.006) (0.012) (0.003) (0.006) % of F.S. 
Tmin to Tmax +1/2 +3/4 +1/4 +1/2 LSB 
(0.012) (0.018) (0.006) (0.012) % of F.S. 
DIFFERENTIAL NONLINEARITY 
+25°C +1/2 +3/4 +1/4 +1/2 LSB 
Tmin tO Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 
TEMPERATURE COEFFICIENTS 
With Internal Reference 
Unipolar Zero 1 Z 1 2 ppm/°C 
Bipolar Zero 5 10 10 ppm/°C 
Gain (Full Scale) 15 50 10 20 ppm/°C 
Differential Nonlinearity 2 ppm/°C 
SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OFF-to-ON 150 250 150 250 ns 
FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 15 30 15 30 ns 
90% to 10% Delay plus Fall Time 30 50 30 50 ns 
TEMPERATURE RANGE 
Operating 0 +70 0 +70 °C 
Storage ~65 +150 -65 +150 7c 
POWER REQUIREMENTS 
Vcc, +11.4 to +16.5V dc 3 5 mA 
Veg, -11.4 to -16.5V de -12 -18 mA 
POWER SUPPLY GAIN SENSITIVITY” 
Vcc = +11.4 to +16.5V de 3 10 3 10 ppm of F.S./% 
VEE = -11.4 to -16.5V de 15 25 25 ppm of F.S./% 
PROGRAMMABLE QUTPUT 
RANGE (see Figures 2, 3, 4) 0 to +5 0 to +5 Vv 
-2.5 to +2.5 -2.5 to +2.5 Vv 
0 to +10 0 to +10 Vv 
-5 to +5 -5 to +5 Vv 
-10 to +10 -10 to +10 Vv 
EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 
Resistor for R2 (Figure 2) +0.1 £0.25 % of F.S 
Bipolar Zero Error with Fixed 
50Q Resistor for R1 (Figure 3) +0.05 +0.15 % of F.S 
Gain Adjustment Range (Figure 2) +0.25 % of F.S 
Bipolar Zero Adjustment Range +0.15 % of F.S 
REFERENCE INPUT 
Input Impedance 15k 20k 25k 15k 20k 25k Q 
REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 Vv 
Current (available for external 
loads)? 1.5 2:5 1 We 2.5 mA 
POWER DISSIPATION 225 345 225 345 mW 
NOTES 


> For operation at elevated temperatures the reference cannot supply current for 
external loads. It, therefore, should be buffered if additional loads are to be supplied. 


Specifications subject to change without notice. 


ADS65AS 


MODEL MIN TYP 
DATA INPUTS!’ (Pins 13 to 24) 
TTL or 5 Volt CMOS 
Input Voltage 
Bit ON Logic “1” +2.0 
Bit OFF Logic “0” 
Logic Current (each bit) 
Bit ON Logic ‘‘1”’ +120 
Bit OFF Logic “C”’ : +35 
RESOLUTION 
OUTPUT 
Current 
Unipolar (all bits on) -1.6 -2.0 
Bipolar (all bits on or off) +0.8 +1.0 
Resistance (exclusive of span 
resistors) 6k 8k 
Offset 
Unipolar 0.01 
Bipolar (Figure 3, R2 = 502 fixed) 0.05 
Capacitance 25 
Compliance Voltage 
Tmin tO Tmax -1.5 
ACCURACY (error relative to 
full scale) +25°C +1/4 
(0.006) 
Tmin to Tmax 41/2 
(0.012) - 
DIFFERENTIAL NONLINEARITY 
+25°C +1/2 


Tmin tO Tmax 


TEMPERATURE COEFFICIENTS 
With Internal Reference 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 


SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OF F-to-ON 


FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 


TEMPERATURE RANGE 
Operating 
Storage 


POWER REQUIREMENTS 
Vcc: +11.4 to +16.5V de 
Veg, -11.4 to -16.5V de 


MAX 


+5.5 
+0.8 


+300 
+100 


12 


-2.4 
£1;2 


10k 
0.05 
0.15 


+10 


+1/2 
(0.012) 
3/4 
(0.018) 


+3/4 


MONOTONICITY GUARANTEED 


15 
30 


-55 
-65 


212 


POWER SUPPLY GAIN SENSITIVITY? 


Vcc = +11.4 to +16.5V de 
VEE = -11.4 to -16.5V dc 


PROGRAMMABLE OUTPUT 
RANGES (see Figures 2, 3, 4) 


EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 
Resistor for R2 (Figure 2) 
Bipolar Zero Error with Fixed 
5022 Resistor for R1 (Figure 3) 
Gain Adjustment Range (Figure 2) 
Bipolar Zero Adjustment Range 


REFERENCE INPUT 
Input Impedance 


REFERENCE OUTPUT 
Voltage 
Current (available for external 
loads)? 


POWER DISSIPATION 


0 to +5 
-2.5 to +2.5 
Oto +10 

-5 to +5 
-10 to +10 


+0.25 
£0.15 


15k 20k 


9.90 10.00 


1.5 2:5. 
225 


Specifications subject to change without notice. 


30 


250 


0.25 


+0.15 


25k 


10.10 


345 


MIN 


MONOTONICITY GUARANTEED 


ADS6SAT 
TYP 


. £1/8 


(0.003) 
+1/4 
(0.006) 


+1/4 


Oto +5 
-2.5 to +2.5 
0to +10 

-S$ to +5 
-10 to +10 


MAX 


+1/4 


(0.006) 


+1/2 


(0.012) 


41/2 


UNITS 


% of F.S. 
% of *F.S. 
pF "ss 


mA 
mA 


ppm of F.S./% 
ppm of F.S./% 


<<<<< 


mA 
mW 
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ABSOLUTE MAXIMUM RATINGS 


Vcc to Power Ground............ eee eeee OV to +18V 
Veg to Power Ground ............000 eee OV to -18V 
Voltage on DAC Output (Pin9)............ -3Vto +12V 
Digital Inputs (Pins 13 to 24) to Power Ground... . -1.0V to 
+7.0V 
Ref Into Reference Ground .............00000% +12V 
Bipolar Offset to Reference Ground .............. +12V 
10V Span R to Reference Ground ............... +12V 
20V Span R to Reference Ground ............005 +24V 
ReMOuUt. 074. 3 ein fo S eset Indefinite short to power ground 
Momentary Short to Vcc 
Power Dissipation. . 1... .. eee ee ee ee 1000mW 


THE AD565A OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 


ACCURACY: Analog Devices defines accuracy as the maxi- 
mum deviation of the actual, adjusted DAC output (see next 


page) from the ideal analog output (a straight line drawn from 0 


to F.S. — 1LSB) for any bit combination. The AD565A is laser 
trimmed to 1/4LSB (0.006% of F.S.) maximum error at +25°C 
for the K and T Versions—1/2LSB for the J and S. 


MONOTONICITY: A DAC is said to be monotonic if the out- 
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 


function of the input, All versions of the AD565A are mono- 
tonic over their full operating temperature range. 


DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than 

1LSB both at +25°C and over the temperature range of inter- 
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 
change in digital input code. For example, for a 10 volt full 
scale output, a change of 1LSB in digital input code should 
result in a 2.44mV change in the analog output (1LSB = 10V x 
1/4096 = 2.44mV). If in actual use, however, a 1LSB change in 
the input code results in a change of only 0.61mV (1/4LSB) in 
analog output, the differential linearity error would be 
1.83mV, or 3/4LSB. The AD565AK and T have a max differen- 
tial linearity error of 1/2LSB, which is a tighter specification 
than to simply guarantee monotonicity. 


The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. A differential nonlinearity temper- 
ature coefficient of 1.0ppm/°C could under worst case condi- 
tions for a temperature change of +25°C to +125°C add 0.01% 
(100 x 1.0ppm/°C of error). The resulting error could then be 
as much as 0.01% + 0.006% = 0.016% of F.S. (1/2LSB repre- 
sents 0.012% of F.S.). To be sure of accurate performance 

all versions of the AD565A are therefore 100% tested for 
monotonicity over the full operating temperature range. 


AD565A ORDERING GUIDE 
LINEARITY 
| ERROR MAX MAX GAIN T.C. Package 
MODEL PACKAGE TEMP RANGE @ 25°C (ppm of F.S./°C) Style’ 
AD565AJN/BIN Plastic 0to+70°C +1/2LSB 50 N24A 
AD565AJD/BIN Ceramic 0 to +70°C +1/2LSB 50 D24A 
AD565AKN/BIN Plastic 0 to +70°C +1/4LSB 20 N24A 
AD565AKD/BIN Ceramic 0 to +70°C +1/4LSB 20 D24A 
AD565ASD/BIN Ceramic -§5°C to +125°C +1/2LSB 30 D24A 
AD565ASD/BIN/883B — Ceramic -55°C to +125°C +1/2LSB 30 D24A 
ADS65ATD/BIN Ceramic. -55°C to +125°C +1/4LSB 15 D24A 
AD565ATD/BIN/883B Ceramic’ -55°C to +125°C +1/4LSB 15 D24A 


' See Section 20 for package outline information. 
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; Applying the AD565A 


CONNECTING THE AD565A FOR BUFFERED VOLTAGE 
OUTPUT 

The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred trim- 
ming techniques, If alow offset operational amplifier (AD510L, 
AD517L, AD741L, AD301AL, AD OP-07) is used, excellent 
performance can be obtained in many situations without trim- 
ming (an op amp with less than 0.5mV max offset voltage 
should be used to keep offset errors below 1/2LSB), If a 50Q 
fixed resistor is substituted for the 100Q trimmer, unipolar 
zero will typically be within +1/2LSB (plus op amp offset), 
and full scale accuracy will be within 0.1% (0.25% max). 
Substituting a 50Q resistor for the 10092 bipolar offset trim- 
mer will give a bipolar zero error typically within +2LSB 
(0.05%). 

The AD509 is recommended for buffered voltage-output appli- 
cations which require a settling time to +1/2LSB of one micro- 
second. The feedback capacitor is shown with the optimum 
value for each application; this capacitor is required to compen- 
sate for the 25 picofarad DAC output capacitance. 


FIGURE 2. UNIPOLAR CONFIGURATION 

This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar terminal, pin 8, should be 
grounded if not used for trimming. 


STEP I... ZERO ADJUST 

Turn all bits OFF and adjust zero trimmer R1, until the out- 
put reads 0.000 volts (1 LSB = 2.44mV). In most cases this trim 
is not needed, but pin 8 should then be connected to pin 12. 


STEP II... GAIN ADJ UST 

Turn all bits ON and adjust 10092 gain trimmer R2, until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 10.2375V full scale is 
desired (exactly 2.5mV/bit), insert a 1202 resistor in series 
with the gain resistor at pin 10 to the op amp output. 


FIGURE 3. BIPOLAR CONFIGURATION 

This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all 1’s). 

STEPI...OFFSET ADJUST 

Turn OFF all bits. Adjust 100Q2 trimmer R1 to give -5.000 
volts output. 


STEP II... GAIN ADJ UST 
Turn ON All bits. Adjust 10082 gain trimmer R2 to give a 
reading of +4.9976 volts. 


Please note that it is not necessary to trim the op amp to ob- 
tain full accuracy at room temperature. In most bipolar situa- 
tions, an op amp trim is unnecessary unless the untrimmed off- 
set drift of the op amp is excessive. 


FIGURE 4. OTHER VOLTAGE RANGES 

The AD565A can also be easily configured for a unipolar 0 to 
+5 volt range or +2.5 volt and +10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 11. For a 5 volt span (0 to +5 or 42.5), 
the two 5k resistors are used in parallel by shorting pin 11 to 
pin 9 and connecting pin 10 to the op amp output and the 
bipolar offset either to ground for unipolar or to REF OUT 
for the bipolar range. For the 10 volt range (20 volt span) 
use the 5k resistors in series by connecting only pin 11 to the 
op amp output and the bipolar offset connected as shown. 
The +10 volt option is shown in Figure 4. 


24 LEAD DUAL IN-LINE PACKAGE 


NC BIT 1 (MSB) IN 


~ ONC BIT 2 IN 


PIN1 
IDENTIFIER 


Vee BIT 3 IN 


REF OUT (+10V #1%) BIT 4 IN 
ADS65A 


REFERENCE GND BIT 5 IN 


REFERENCE IN BIT 6 IN 
-VEE BIT 7 IN 
BIPOLAR OFFSET IN BIT 8 IN 
DAC OUT (-2mA F.S.) BIT9 IN 
10V SPAN R BIT 10 IN 
20V SPAN R BIT 11 IN 


POWER GNO BIT 12 (LSB) IN 


REF OUT 
—O 


OUTPUT 
0 TO +10V 
° 


REF OUT Vcc 
O a @ 
4 3 


11 20V SPAN 


ADS65A 


OUTPUT 
-5V TO +5V 


OuTPUT 
-10V TO +10V 


Figure 4, +10V Voltage Output 


DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10-47 


INTERNAL/EXTERNAL REFERENCE USE 

The AD565A has an internal low-noise buried zener diode refer- 
ence which is trimmed for absolute accuracy and temperature 
coefficient. This reference is buffered and optimized for use 

in a high speed DAC and will give long-term stability equal 

or superior to the best discrete zener reference diodes. The 
performance of the AD565A is specified with the internal refer- 
ence driving the DAC since all trimming and testing (especially 
for full scale and bipolar) is done in this configuration. 


The AD565A can be used with an external reference, but may 
not have sufficient trim range to accommodate a reference 
which does not match the internal reference. For external 
reference applications, the AD566A series is recommended. 


The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically 0.5mA to Ref In and 1.0mA to Bipolar Offset, 
if used). A minimum of 1.5mA is available for driving external 
circuits, For use over the extended temperature range, however, 
a buffer should be used to preserve the accuracy. The refer- 
ence is typically trimmed to +0,2%, then tested and guaran- 
teed to +1.0% max error, The temperature coefficient is 
comparable to that of the full scale TC for a particular grade. 


DIGITAL INPUT CONSIDERATIONS 

The AD565A uses a standard positive true straight binary code 
for unipolar outputs (all 1’s give full scale output), and an 
offset binary code for bipolar output ranges. In the bipolar 
mode, with all 0’s on the inputs, the output will go to negative 
full scale; with 100. . . 00 (only the MSB on), the output will 
be 0.00 volts; with all 1’s, the output will go to positive full 
scale. 


The threshold of the digital input circuitry is set at 1.4 volts 
and does not vary with supply voltage. The input lines can 
interface with any type of 5 volt logic, TTL/DTL or CMOS, 
and have sufficiently low input currents to interface easily 
with unbuffered CMOS logic. The configuration of the input 

- circuit is shown in Figure 5, The input line can be modeled as 
a 30kQ resistance connected to a -0.7V rail. 


DIGITAL 
INPUTS 
(PINS 13 TO 24) 


rownaZA 
GND 


Figure 5. Equivalent Digital Input Circuit 


TO LOGIC 
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‘GROUNDING RULES 


The AD565A brings out separate reference and power grounds 
to allow optimum connections for low noise and high speed 
performance. These grounds should be tied together at one 
point, usually the device power ground. The separate ground 
returns are provided to minimize current flow in low-level 
signal paths. In this way, logic return currents are not sum- 
med into the same return path with analog signals. 


The reference ground at pin 5 is the ground point for the 
internal reference and is thus the “high quality” ground for 
the AD565A; it should be connected directly to the analog 
reference point of the system. The power ground at pin 12 
can be connected to the most convenient ground point; 
analog power return is preferred. If power ground contains 
high frequency noise beyond 200mV, this noise may feed 
through the converter, thus some caution will be required 
in applying these grounds. 


OUTPUT VOLTAGE COMPLIANCE 

The AD565A has atypical output compliance range from -2 to 
+10 volts. The current-steering output stages will be unaffected 
by changes in the output terminal voltage over that range. How- 
ever, there is an equivalent output impedance of 8k in parallel 
with 25pF at the output terminal which produces an equivalent 
error current if the voltage deviates from analog common. This 
is a linear effect which does not change with input code. Opera- 
tion beyond the compliance limits may cause either output 
stage saturation or breakdown which results in nonlinear _per- 
formance. Compliance limits are not affected by the posi- 
tive power supply, but are a function of output current and 
negative supply, as shown in Figure 6. 


Sout = OmA 


NEGATIVE 
COMPLIANCE VOLTAGE 


11.4V 13.5V 16.5V 
NEGATIVE SUPPLY — Veg 


Figure 6. Typical Negative Compliance Range vs. 
- Negative Supply 


AD565A Application Notes. 


SETTLING TIME 

The high speed NPN current steering switching cell and inter- 
nally compensated reference amplifier of the AD565A are speci- 
fically designed for fast settling operation. The typical settling 
time to 0.01% (1/2LSB) for the worst case transition (major 
carry or full scale step) is about 200ns; the lower order bits 

all settle in less than 200ns. (Worst case settling occurs when 
all bits are switched, especially the MSB). 


The excellent high speed performance of the AD565A is demon- 
strated in these oscilloscope photographs. The measurements 
are made with the AD565A driving directly into an equivalent 
50Q load, and amplified with a low capacitance MOS-input, 
UHF amplifier. Both figures show the worst case situation, 
which is full scale transition from switching all bits ON to OFF. 


INPUT DRIVE 
0TO5 VOLTS 


OUTPUT SIGNAL 
1 DIVISION = 1mA 


HORIZONTAL SCALE 
10ns/DIV. 


Figure 7. Full Scale Transition 


The full transition characteristic is shown in Figure 7. There is 
about a 6-8ns delay, followed by a 10ns rise time and minimal 
overshoot. The transition in the other direction shows approxi- 
mately a 20ns delay prior to a 10ns rise time. The slewing charac- 
teristics for smaller transitions show a similar characteristic. 


INPUT DRIVE 
0TO5 VOLTS 


OUTPUT SIGNAL 
1 DIVISION = 1LSB 


HORIZONTAL SCALE 
100ns/DIV. 


Figure 8. Settling Characteristic Detail 


The fine detail of the full scale settling characteristic is shown 
in Figure 8. The equipment and circuitry used to make the 
measurements adds about 5Ons to the actual device perfor- 
mance. The final portion of the signal slews to within 10LSB’s 
in less than 15Ons, reaches and stays within 1/2LSB in about 
200ns, and shows less than 1/2LSB overshoot. The character- 
istic is completely settled out in less than 250ns, 


HIGH SPEED SYSTEM DESIGN 

Full realization of this high speed performance requires strict 
attention to detail by the user in all areas of application and 
testing. 

The settling time for the AD565A is specified in terms of the 
current output, an inherently high speed DAC operating mode. 


Haqwever, most DAC applications require a current-to-voltage 
conversion at some point in the signal path, although an un- 


buffered voltage level (not using an op amp) is suitable for use 
in a successive-approximation A/D converter (see the next page), 
or in many display applications. This form of current-to-voltage 
conversion can give very fast operation if proper design and 
layout is done. The fastest voltage conversion is achieved by 
connecting a low value resistor directly to the output, as shown 
in Figure 9, In this case, the settling time is primarily de- 
termined by the cell switching time and by the RC time 
constant of the AD565A output capacitance of 25 picofarads 
(plus stray capacitance) combined with the output resistor 
value. Settling to 0.01% of full scale (for a full scale transition) 
requires 9 time constants. This effect is important for an 
equivalent resistance over 1k{2. 


If an op amp must be used to provide a low impedance output 
signal, some loss in settling time will be seen due to op amp 
dynamics. The normal current-to-voltage converter op amp 
circuits are shown in the applications circuits using the fast 
settling AD509. The circuits shown settle to +1/2LSB in 1ys 
unipolar or bipolar. The DAC output capacitance, which acts 
as a stray capacitance at the op amp inverting input, must be 
compensated by a feedback capacitor, as shown. The value 
should be chosen carefully for each application and each op 
amp type. 

Fastest operation will be obtained by minimizing lead lengths, 
stray capacitance and impedance levels. Both supplies should 
be bypassed near the devices: 0.1y/F will be sufficient since the 
AD565A runs at constant supply current regardless of input 
code. 


DIRECT UNBUFFERED VOLTAGE OUTPUT FOR 

CABLE DRIVING 

The wide compliance range allows direct current-to-voltage con- 
version with just an output resistor. Figure 9 shows a connec- 
tion using the gain and bipolar output resistors to give a +1.60 
volt bipolar swing. In this situation, the digital code is comple- 
mentary binary. Other combinations of internal and external 
output resistors (Rx) can be used to scale to alternate voltage 
ranges, simply by appropriately scaling the 0 to -2mA unipolar 
output current and using the 10.0 volt reference voltage for 
bipolar offset. For example, setting Rx = 2.67kQ gives a +1 
volt range with a 1kQ2 equivalent output impedance. 


This connection is especially useful for directly driving a long 
cable at high speed. Using a 5022 resistor for Rx would allow 
interface to a 5092 cable with a +50mV full scale swing. Set- 
tling time would be very fast, as discussed in the section above. 


REF OUT Vcc 502. 
* ° 5 BIPOLAR OFF © 


11 20V SPAN 


Figure 9. Unbuffered Bipolar Voltage Output 
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HIGH SPEED 12-BIT A/D CONVERTERS 

The fast settling characteristics of the AD565A make it ideal for 
high speed successive approximation A/D converters. The inter- 
nal reference and trimmed application resistors allow a 12-bit 
converter system to be constructed with a minimum parts count. 
Shown in Figure 10 is a configuration using standard com- 
ponents; this system completes a full 12-bit conversion in 10us: 
unipolar or bipolar. This converter will be accurate to +1/2LSB 
of 12 bits and have a typical gain T.C. of 10ppm/°C. 


In the unipolar mode, the system range is 0 to 9.9976 volts, with 
each bit having a value of 2.44mV. For true conversion accu- 
racy, an A/D converter should be trimmed so that a given bit 
code output results from input levels from 1/2LSB below to 
1/2LSB above the exact voltage which that code represents. 
Therefore, the converter zero point should be trimmed with an 
input voltage of +1.22mV; trim R1 until the LSB just begins to 
appear in the output code (all other bits “O”). For full scale, 
use an input voltage of +9.9963 volts (10 volts — 1LSB — 
1/2LSB); then trim R2 until the LSB just begins to appear (all 
other bits “1”’). : 


The bipolar signal range is -5.0 to +4.9976 volts. Bipolar offset 
trimming is done by applying a -4.9988V input signal and 
trimming R1 for the LSB transition (all other bits ‘‘0”). 


+15V 


| BIPOLAR UNIPOLAR R1 (UNIPOLAR) 
—< 50k2 
1002 y 100k 
1 
el -15V 
BIPOLAR OFF, zr 


11. 20V SPAN B 
‘ ANALOG INPUTS 
10 10V SPAN +15V +5V 
a | Ht | | 


REF OUT Vec 


CONV COMP 
SERIAL OUT 


ney 1.5yF V 


INPUT RANGES 
Unipolar Bipolar Connect Equiv DAC Zout 


0 TO +10 25 INPUTTOA = .2.35k2. 

0TO +5 £2.5 INPUT TOA 1.90k2 

0 TO +20 £10 INPUT TOB 3.08k2 
B TO DAC OUT 


‘Figure 10. Fast Precision Analog to Digital Converter 


Full scale is set by applying +4.9963 volts and trimming R2 for 
the LSB transition (all other bits ‘‘1’’). In many applications, 
the pretrimmed application resistors are sufficiently accurate 
that external trimmers will be unnecessary, especially in situa- 
tions requiring less than full 12-bit +1/2LSB accuracy. 


_ For fastest operation, the impedance at the comparator sum- 
ming node must be minimized, as mentioned in the section on 
settling time. However, lowering the impedance will reduce 
the voltage signal to the comparator (at an equivalent|im- 
pedance at the summing node of 1kQ, 1LSB = 0.5mV), to the 
point that comparator performance will be sacrificed. The 
contribution to this impedance from the DAC will vary with 
the input configuration, as shown in the input range table. 


To prevent dynamic errors, the input signal should have a low 
dynamic source impedance, such as that of the AD509 high 
speed op amp. 
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HIGH-RESOLUTION CIRCUITS 

Sixteen-bit resolution digital-to-analog converters can be built 
by cascading an AD565A 12-bit DAC with an AD559 or 

AD 1408 8-bit DAC. This technique can be used either to pro- 
vide a 16-bit binary DAC or a 4-digit BCD DAC. By using an 
ADS565AK with +1/8LSB typical linearity to 12 bits, the total 
circuit will typically achieve +1/2LSB accuracy for 14 binary 
bits, and +1/2 least significant digit to 4 digits BCD. The 
binary configuration is shown in Figure 11. The AD559, with 
its thin film ladder netowrk similar to the AD565A, is prefer- 
red for good performance over temperature. 


ADS65A 


0.5mA 


OUTPUT 
2.4k2 Oto +10V 
(152uV/LSB) 


FEEDBACK 
CURRENT _» 


REFERENCE 
CURRENT IN 
~ImA —p 14], 


INTERNALLY- 
COMPENSATED 


CONTROL 
AMP 


INPUT BITS 13-16 - 


Figure 11. 16-Bit Binary DAC 


COMPLEMENTARY BINARY CODE CIRCUITS 

The ADS565A can be used in circuits where only a complemen- 
tary binary code is available. This is done by connecting the 10 
volt span resistor to the 10 volt reference and connecting the 
DAC output to a noninverting amplifier as shown in Figure 12. 
The 8k{2 DAC output impedance and the 5kQ span resistor 
will form a divider which will give a full scale output voltage 
(with all bits off) to the amplifier of about 6.15 volts. To 
obtain a 10 volt full scale, the amplifier is shown with a gain 
network back to the inverting input. 


BIPOLAR OFF 


Bias. FE ay 
petal ty] ee 


| [mower 


Figure 12. Complementary Output DAC 


/ 


ANALOG 
DEVICES 


FEATURES 
Single Chip Construction 
Very High Speed: Settles to 1/2LSB in 200ns 

Full Scale Switching Time: 30ns. 
Single Supply Operation 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD566K, T) 

Low Power: 180mW 
Pin-Out Compatible with AD562 
Low Cost 


¢ 


PRODUCT DESCRIPTION 

The AD566 is a fast 12-bit digital-to-analog converter which 
incorporates the latest advances in analog circuit design.into 
a low power monolithic chip. : 


The AD566 chip uses 12 precision, high speed bipolar current 
steering switches, control amplifier and a laser-trimmed thin 
film resistor network to produce a very fast, high accuracy 
analog output current. 


The combination of performance and flexibility in the AD566 . 


has resulted from major innovations in circuit design, an im- 
portant new high-speed bipolar process, and continuing ad- 
vances in laser-wafer-trimming techniques (LWT). The AD566 
has a 10—90% full scale transition time less than 35 nanosec- 
onds and settles to within +1/2LSB in 200 nanoseconds. 
AD566 chips are laser-trimmed at the wafer level to +1/8LSB 
typical linearity and are specified to +1/4LSB max error (K 
and T grades) at +25°C. High speed and accuracy make the 
AD566 the ideal choice for high speed display drivers as 

well as fast analog-to-digital converters. 


The AD566 is available in four performance grades and two 
package types. The AD566J and K are specified for use over 
the 0 to +70°C temperature range and are available in either 

a 24-pin, hermetically-sealed, side-brazed ceramic DIP, or a 
24-pin plastic DIP. The AD566S and T grades are specified 

for the -55°C to +125°C range and are available in the ceramic 
package. | 


*Covered by patent numbers: 3,803,590; 4,020,486; 3,747,088; 
RE28,633. 


- Low Cost High Speed 12-Bit 


Monolithic D/A Converter 
AD566* 


AD566 PIN CONFIGURATION 


24 [7] BIT 1 (MsB) IN 


PIN1 BIT 2 IN 
IOENTIFIER 


REFERENCE GND BIT 3 IN 


AMP SUMMING 


JUNCTION BIT 4 IN 


REF. V HIIN BIT 5 IN 
-VEE ena BIT 6 IN 
BIPOLAR OFFSET R IN BIT 7 IN 
NC BITS IN 
DAC OUT (-2mA F.S.) BIT9 IN 
10V SPAN R BIT 10 IN 
20V SPAN R BIT11 IN 


POWER GND | | 12 13 [ ] BIT 12 (LSB) IN 


24-PIN DUAL IN LINE PACKAGE 


PRODUCT HIGHLIGHTS 


I 


The combination of single supply operation with wide out- 
put compliance range is idealy suited for fast, low noise, 
accurate voltage output configurations without an output 
amplifier. 


. The device incorporates a newly developed, full differen- 


tial, nonsaturating precision current switching cell structure 
which combines the dc accuracy and stability first developed 
in the AD562 with very fast switching times and) an opti- 
mally-damped settling characteristic. 


. The chip also contains SiCr thin film application resistors 


which can be used with an external op amp to provide a 
precision voltage output or as input resistors for a succes- 
sive approximation A/D converter.’The resistors are 
matched to the internal ladder network to guarantee a 
low gain temperature coefficient and are laser-trimmed 
for minimum full scale and bipolar offset errors. 


. The pin-out of the AD566 is compatible with the industry- 
‘standard AD562 so that a system can easily be upgraded to 


provide higher speed performance. 


. The single-chip construction makes the AD566 inherently 
more reliable than hybrid multi-chip designs. The AD566S 
and T grades, with guaranteed linearity and monotonicity 


over the -55°C to +125°C range, are especially recom- 
mended for high reliability needs in harsh environments. 
These units are available processed to MIL-STD-883, 
Level B. 
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“ay 


Pa 


SPECIFICATIONS. (Ta =+25°C, VEE = -15V, unless ee catia 


AD566) | AD566K ; 
MODEL _ MIN TYP MAX MIN TYP MAX: UNITS 
DATA INPUTS (Pins 13 to 24) 
TTL or 5 Volt CMOS (Tpin to Tmax) 
Input Voltage 
Bit ON Logic “1” +2.0 +5.5 +2.0 +5.5 Vv 
Bit OFF Logic “0” 0 +0.8 0 +0.8 Vv 
Logic Current (each bit) 
Bit ON Logic “1” +120 +300 +120 +300 LA 
Bit OFF Logic ‘‘0”’ +35 +100 +35 +100 HA 
RESOLUTION . ; 12 12 Bits 
OUTPUT : 
Current 
Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 mA 
Bipolar (all bits on or off) +0.8 +1.0 i +0.8 +1.0 pal BP mA 
Resistance (exclusive of span | 
resistors) 6k 8k 10k 6k 8k 10k 2 
Offset 
Unipolar (adjustable to 
zero)! 0.01 0.05 : 0.01 0.05 % of F.S. 
Bipolar (Ry and R2 = 
502 fixed)! 0.05 0.15 0.05 0.1 % of F.S. 
Capacitance 25 25 pF 
Compliance Voltage 
Tmin tO Tmax -1.5 +10 -1.5 +10 Vv 
ACCURACY (error relative to 
full scale) +25°C 7 +1/4 +1/2 re +1/8 +1/4 LSB 
(0.006) (0.012) (0.003) (0.006) % of F.S. 
Tmin tO Tmax +1/2 3/4 41/4 =1/2 LSB 
(0.012) (O.018) | (0.006) (0.012) % of FS. 
DIFFERENTIAL NONLINEARITY 
+25°C 41/2 43/4 +1/4 +1/2 LSB 
Tmin tO Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 
TEMPERATURE COEFFICIENTS 
Unipolar Zero 1 2 1 ppm/°C 
Bipolar Zero 5 10 5 10 ppm/°C 
Gain (Full Scale) 7 10 2 3 ppm/°C 
Differential Nonlinearity 2 2 ppm/°C 


SETTLING TIME TO 1/2LSB ; 


All Bits ON-to-OFF or OFF-to-ON 200 400 200 400 ns 
FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 15 30 15 30 ns 
90% to 10% Delay plus Fall Time 30 50 30 50 ns 
POWER REQUIREMENTS 
VEE, -13.5 tc -16.5V de 12... -20 : 299 -20 mA 
POWER SUPPLY GAIN SENSITIVITY 
Veg = -15V, +10% 15 25 15 25 ppm of F.S./% 
PROGRAMMABLE OUTPUT ; 
RANGE! 0 to +5 0 to +5 V 
-2.5 to +2.5 -2.5 to +2.5 Vv 
Oto +10 0 to +10 Vv 
-5 to +5 -Sto+5 Vv 
Vv 


-10 to +10 -10 to +10 


EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 


Resistor for R2' +0.1 +0.25 +0.1 +0.25 % of F.S. 
Bipolar Zero Error with Fixed 
50 Resistor for R1! +0.05 +0.15 +0.05 +0.1 % of F.S. 
Gain Adjustment Range’ £0.25 +0.25 % of F.S. 
Bipolar Zero Adjustment Range +Q.15 +0.15 % of FS. 
REFERENCE INPUT | 
Input Impedance 15k 20k 25k 15k 20k 25k Q 
POWER DISSIPATION . 180 300 180 300 mW 
MULTIPLYING MODE PERFORMANCE (AIl Models) 
Quadrants Two (2): Bipolar Operation at Digital Input Only 
Reference Voltage +1V to +10V, Unipolar 
Accuracy 10 Bits (+0.05% of Reduced F.S.) for 1V de Reference Voltage 


Reference Feedthrough (unipolar mode, 
all bits OFF, and 1V to +10V [p-p] sinewave \ 


frequency for 1/2LSB [p-p| feedthrough) 40kHz typ 

Output Slew Rate 10%-90% SmA/Us 
90%- 10% ImA/us 

Output Settling Time (all bits on and a O—10V 

step change in reference voltage) 1.5us to 0.01% F.S. 

CONTROL AMPLIFIER 

Full Power Bandwidth 300kHz 
Small-Signal Closed-Loop Bandwidth 1.8MHz 


Specifications subject to change without notice. 
' See AD566A data sheet for complete information. 
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MODEL MIN 


DATA INPUTS (Pins 13 to 24) 
TTL or 5 Volt CMOS (Tpin tO Tmax) 
Input Voltage 


AD566T 


Bit ON Logic “1” : +2.0 +5.5 +2.0 +5.5 Vv 
Bit OFF Logic “0” 0 +0.8 0 +0.8 Vv 
Logic Current (cach bit) 
Bit ON Logic “1” +120 +300 +120 +300 MA 
Bit OFF Logic 0" +35 +100 +35 +100 HA 
RESOLUTION 12 12 Bits 
OUTPUT 
Current 
Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 mA 
Bipolar (all bits on or off) +0.8 +1.0 +1.2 +0.8 +1.0 +1.2 mA 
Resistance (exclusive of span 
resistors) 6k 8k 10k 6k 8k 10k 2 
Offset 
Unipolar (adjustable to 
zero)! 0.01 0.05 0.01 0.05 % of F.S 
Bipolar (Ry and R2 = 
50Q fixed)! 0.05 0.15 0.05 0.1 % of F.S 
Capacitance 25 25 pF 
Compliance Voltage 
Tinin. (0 Tivax -1.5 +10 -1.5 +10 Vv 
ACCURACY (error relative to 
full scale) +25°C +1/4 +1/2 +1/8 +1/4 LSB 
. (0.006) (0.012) (0.003) (0.006) % of F.S. 
Tins €0 Tenax +1/2 +3/4 41/4 +1/2 LSB 
(0.012) (0.018) (0.006) (0.012) % of F.S. 


ES 


DIFFERENTIAL NONLINEARITY 
+25°C 
Tmin tO Tmax 


TEMPERATURE COEFFICIENTS 


+1/2 +3/4 


+1/4 +1/2 LSB 


Unipolar Zero 1 2 1 2 ppm/°C 
Bipolar Zero 5 10 5 10 ppm/°C 
Gain (Full Scale) 7 10 2 ppm/°C 
Differential Nonlinearity 2 2 ppm/°C 
SETTLING TIME TO 1/2LSB 
All Bits ON-to-OF F or OFF-to-ON 200 400 200 400 ns 
FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Tine 15 30 15 30 ns 
90% to 10% Delay plus Fall Time 30 50 30 50 ns 


POWER REQUIREMENTS 


VEE, -13.5 to -16.5V dc -12 -20 -12 -20 mA 
POWER SUPPLY GAIN SENSITIVITY 
VeE = -15V, +10% 15 25 15 25 ppm of F.S./% 
PROGRAMMABLE OUTPUT | 
RANGE! 0 to +5 0 to +5 Vv 
-2.5 to +2.5 -2.5 to +2.5 Vv 
0 to +10 0 to +10 Vv 
-5 to +5 -S5 to +5 Vv 
-10 to +10 -10 to +10 Vv 
EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 
Resistor for R2! +0.1 +0.25 +0.1 +0.25 % of F.S 
Bipolar Zero Error with Fixed 
50Q Resistor for R1' +0.05 +0.15 +0.05 +0.1 % of F.S 
Gain Adjustment Range’ +0.25 +0.25 % of F.S 
Bipolar Zero Adjustment Range +0.15 +0.15 % of F.S 
REFERENCE INPUT 
Input Impedance 15k 20k 25k 15k 20k 25k 2 
POWER DISSIPATION 180 300 180 300 mW 


MULTIPLYING MODE PERFORMANCE (All Models) - 


Quadrants 

Reference Voltage 

Accuracy 

Reference Feedthrough (unipolar mode, \ 
all bits OFF, and 1V to +10V [p-p] sinewave 
frequency for 1/2LSB [p-p] feedthrough) 

Output Slew Rate 10%-90% 

. 90%- 10% 

Output Settling Time (all bits on and a O-10V 

step change in reference voltage) 


Two (2): Bipolar Operation at Digital Input Only 


+1V to +10V, Unipolar 


10 Bits (40.05% of Reduced F,S.) for 1V dc Reference Voltage 


40kHz typ 
5mA/us 
imA/ps 


1.5us to 0.01% F.S. 


CONTROL AMPLIFIER 
Full Power Bandwidth 
Small-Signal Closed-Loop Bandwidth 


300kHz 
1.8MHz 


Specifications subject to change without notice. 
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~ ABSOLUTE MAXIMUM RATINGS 


Ver to Power Ground 2:6. 4-04 ete seers eae ak OV to-18V 
Voltage on DAC Output (Pin 9)..... beg tosh doe -3V to +12V 
Digital Inputs (Pins 13 to 24) to Power Ground... .-1.0V to 

+7.0V 
Ref In to Reference Ground .............44- naw 2h2V 
Bipolar Offset to Reference Ground.............. +12V 
10V Span R to Reference Ground .............-..- +12V 
20V Span R to Reference Ground ............... +24V 
POWEF Dissipation | i205 oe oie 8 Se A Soe eh ee RS a 1000mW 


AD566 ORDERING GUIDE 


LINEARITY 
ERROR MAX MAXGAINT.C. PACKAGE 
MODEL PACKAGE TEMP RANGE @ 25°C (ppm of F.S.°C) STYLE’ 

AD566JD/BIN — Ceramic 0 to +70°C +1/2LSB 10 D24A 
AD566KD/BIN Ceramic 0 to +70°C +1/4LSB 3 D24A 
AD566SD/BIN Ceramic -55°C to +125°C  +1/2LSB 10 D24A 
AD566SD/BIN/883B Ceramic -§5°Cto +125°C +1/2LSB 10 D24A 
AD566TD/BIN Ceramic -55°C to +125°C  +1/4LSB 3 D24A 
ADS566TD/BIN/883B Ceramic -55°C to +125°C  +1/4LSB 3 D24A 


See Section 20 for package outline information. 
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ANALOG 
DEVICES 


ADS66A* | 


FEATURES 

Single Chip Construction 

Very High Speed: Settles to 1/2LSB in 350ns max 
Full Scale Switching Time: 30ns 

Guaranteed for Operation with -12V Supply 

Monotonicity Guaranteed Over Temperature 

Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD566AK, T) 

Low Power: 180mW 

Pin-Out Compatible with AD562, AD566 

Low Cost 


PRODUCT DESCRIPTION 


The AD566A is a fast 12-bit digital-to-analog converter which 
incorporates the latest advances in analog circuit design into 
a low power monolithic chip. 


The AD566A chip uses 12 precision, high speed bipolar current 
steering switches, control amplifier and a laser-trimmed thin 
film resistor network to produce a very fast, high accuracy 
analog output current. 


The combination of performance and flexibility in the AD566A 
has resulted from major innovations in circuit design, an im- 
portant new high-speed bipolar process, and continuing ad- 
vances in laser-wafer-trimming techniques (LWT). The AD566A 
has a 10—90% full scale transition time less than 35 nanosec- 
onds and settles to within +1/2LSB in 350 nanoseconds max. 
AD566A chips are laser-trimmed at the wafer level to +1/8LSB 
typical linearity and are specified to +1/4LSB max error (K 
and T grades) at +25°C. High speed and accuracy make the 
ADS566A the ideal choice for high speed display drivers as 

well as fast analog-to-digital converters. 


The AD566A is available in four performance grades. The 
AD566AJ and K are specified for use over the 0 to +70°C 
temperature range and the AD566AS and AT grades are 
specified for the -55°C to +125°C range. All are packaged 
in a 24-pin hermetic ceramic dual in line package. 


*Covered by patent numbers: 3,803,590; RE 28,633; 4,020,486; 
3,747,088. 


Low Cost High Speed 12-Bit 


Monolithic D/A Converter 


AD566A FUNCTIONAL BLOCK DIAGRAM 


BIPOLAR OFF 


LSB 


-Vee POWER MSB 
GND 


24-PIN DUAL IN LINE PACKAGE 


PRODUCT HIGHLIGHTS 


1, 


The wide output compliance range is ideally suited for 
fast, low noise, accurate voltage output configurations 
without an output amplifier. 


. The device incorporates a newly developed, fully differen- 


tial, nonsaturating precision current switching fell structure 
which combines the dc accuracy and stability first developed 
in the AD562 with very fast switching times and an opti- 
mally-damped settling characteristic. 


. The chip also contains SiCr thin film application resistors 


which can be used with an external op amp to provide a 
precision voltage output or as input resistors for a succes- 
sive approximation A/D converter. The resistors are 
matched to the internal ladder network to guarantee a 
low gain temperature coefficient and are laser-trimmed 
for minimum full scale and bipolar offset errors. 


. The pin-out of the AD566A is compatible with the industry- 


standard AD562 so that a system can easily be upgraded to 
provide higher speed performance. 


. The single-chip construction makes the AD566A inherently 


more reliable than hybrid multi-chip designs. The AD566AS 
and T grades, with guaranteed linearity and monotonicity 
over the -55°C to +125°C range, are especially recom- 
mended for high reliability needs in harsh environments, 
These units are available processed to MIL-STD-883, 

Level B. 
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MODEL 


DATA INPUTS! (Pins 13 to 24) 
TTL or 5 Volt CMOS 
Input Voltage 
Bit ON Logic “1” 
Bit OFF Logic “0” 
Logic Current (each bit) 
’ Bit ON Logic “1” 
Bit OFF Logic ‘‘0” 


RESOLUTION 


OUTPUT 
Current 
Unipolar (all bits on) 
Bipolar (all bits on or off) 
Resistance (exclusive of span 
resistors) 
Offset 
Unipolar (adjustable to 
zero per Figure 3) 
Bipolar (Figure 4 Ry and 
R, = 502 fixed) 
Capacitance 
Compliance Voltage 
Tmin to Tmax 
ACCURACY (error relative to 
full scale) +25°C 


DIFFERENTIAL NONLINEARITY 
+25°C 
Tmin to Tmax 
TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 


SETTLING TIME TO 1/2LSB 


All Bits ON-to-OFF or OFF-to-ON (Figure 8) 


FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus Fall Time 


POWER REQUIREMENTS 
Veg, -11.4 to -16.5V de 


POWER SUPPLY GAIN SENSITIVITY? 
VEE = -11.4 to -16.5V dc 


PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, 5) 


EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 
Resistor for R2 (Figure 3) 
Bipolar Zero Error with Fixed 
502 Resistor for R1 (Figure 4) 
Gain Adjustment Range (Figure 3) +0.25 
Bipolar Zero Adjustment Range = +0..15 


REFERENCE INPUT 
Input Impedance 15k 


POWER DISSIPATION 


MIN 


+2.0 


-1.6 
+0.8 


6k 


4 


AD566AJ 
TYP 


+120 
+35 


-2.0 
+1.0 


8k 


- 0.01 


0.05 
25 


+1/4 
(0.006) 
+1/2 
(0.012) 


1/2 


SPECIFICATIONS Ta - VEE = “18Y, 


MAX 


+5.5 
+0.8 


+300 
+100 


12 


-2.4 


+1.2 


10k 


0.05 


0.15 


+10 


+1/2 
(0.012) 
+3/4 
(0.018) 


+3/4 


MONOTONICITY GUARANTEED 


MULTIPLYING MODE PERFORMANCE (All Models) 


Quadrants 

Reference Voltage 

Accuracy 

Reference Feedthrough (unipolar mode, 


all bits OFF, and 1 to +10V [p-p], sinewave 


frequency for 1/2LSB (p-p] teedthrough) 


10%-90% 
90%- 10% 


Output Slew Rate 


Output Settling Time (all bits on and a 0O—10V 


step change in reference voltage) 


CONTROL AMPLIFIER 
Full Power Bandwidth 
-Small-Signal Closed-Loop Bandwidth 


NOTES 


NNW 


250 


15 
30 


-12 
15 


Oto +5 
~2.5 to +2.5 
0 to +10 

-§ to +5 
-10 to +10 


+0.1 


+0.05 


20k 
180 


350 


30 
50 


-18 


25 


£0.25 


+0.15 


25k 
300 


unless otherwise specified) 


AD566AK a 
MIN TYP MAX 


+1/8 +1/4 
(0.003) (0.006) 
+1/4 +1/2 
(0.006) (0.012) 


+1/4 +1/2 
MONOTONICITY GUARANTEED 


1 2 

5 10 

2 3 

2 

250 350 

15 30 
; 30 50 

-12 -18 


0 to +5 
-2.5 to +2.5 
0 to +10 

-5 to+5 
-10 to +10 


Two (2): Bipolar Operation at Digital Input Only 


+1V to +10V, Unipolar 


10 Bits (+0.05% of Reduced F.S.) for 1V dc Reference Voltage 


40kHz typ 
5mA/pus 
ImA/Us 


1.5us to 0.01% F.S. 


300kHz 
1.8MHz 


' The digital input levels are guaranteed but not tested over the temperature range. 
2 The power supply gain sensitivity is tested in reference to a VEE of -15V dc. 


Specifications subject to change without notice. 
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UNITS 


mA 


ppm of F.S./% 


<<<<< 


AD566AS AD566AT 
MODEL MIN TYP MAX TYP UNITS | 
DATA INPUTS! (Pins 13 to 24) 
TTL or 5 Volt CMOS ” 
Input Voltage 
Bit ON Logic ‘‘1” +2.0 +5.5 
Bit OFF Logic “0” 0 +0.8 
Logic Current (each bit) 
Bit ON Logic ‘‘1” +120 +300 
Bit OFF Logic ‘‘0” +35 +100 
RESOLUTION 42 
OUTPUT 
Current 
Unipolar (all bits on) -1.6 -2.0 — -2.4 
Bipolar (all bits on or off) +0.8 +1.0 +1.2 
Resistance (exclusive of span . 
resistors) 6k 8k 10k 
Offset 
Unipolar (adjustable to 
zero per Figure 3) 0.01 0.05 
Bipolar (Figure 4 R; and 
R2 = 502 fixed) 0.05 0.15 
Capacitance 25 
Compliance Voltage 
Tmin tO Tmax -1.5 +10 
ACCURACY (error relative to 
full scale) +25°C +1/4 +1/2 +1/8 +1/4 LSB 
(0.006) (0.012) (0.003) (0.006) % of F.S 
Tmin tO Tmax +1/2 +3/4 +1/4 +1/2 LSB 
(0.012) (0.018) (0.006) (0.012) % of F.S 
DIFFERENTIAL NONLINEARITY 
+25°C +1/2 +3/4 +1/4 +1/2 LSB 
Tmin tO Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 
TEMPERATURE COEFFICIENTS 
Unipolar Zero 1 2 1 2 ppm/°C 
Bipolar Zero 5 10 5 10 ppm/°C 
Gain (Full Scale) 7 10 2 ppm/°C 
Differential Nonlinearity 2 2 ppm/*C 


SETTLING TIME TO 1/2LSB 
All Bits On-to-OFF or OFF-to-ON (Figure 8) 250 350 ns 


FULL SCALE TRANSITION 


10% to 90% Delay plus Rise Time 15 30 15 30 ns ‘ 
90% to 10% Delay plus Fall Time 30 50 30 50 ns 
POWER REQUIREMENTS 
VER, -11.4 to -16.5V de -12 -18 212 -18 mA 
POWER SUPPLY GAIN SENSITIVITY? 
VEE = -11.4 to -16.5V dc 15 25 ppm of F.S./% 
PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, 5) 0 to +5 0 to +5 Vv 
-2.5 to +2.5 -2.5 to +2.5 Vv 
0 to +10 0 to +10 Vv 
-5 to +5 -5 to +5 Vv 
-10 to +10 -10 to +10 Vv 
EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 
Resistor R2 (Figure 3) +0.1 £40.25 % of F.S. 
Bipolar Zero Error with Fixed 
50Q Resistor for R1 (Figure 4) +0.05 +0.15 % of F.S. 
Gain Adjustment Range (Figure 3) +0.25 % of F.S. 
Bipolar Zero Adjustment Range = +015 % of F.S. 


POWER DISSIPATION 180 300 


REFERENCE INPUT 
Input Impedance 15k 20k 25k 15k 20k 25k Q 
aD 


MULTIPLYING MODE PERFORMANCE (All Models) 


Quadrants Two (2): Bipolar Operation at Digital Input Only 
Reference Voltage +1V to +10V, Unipolar 
Accuracy 10 Bits (0.05% of Reduced F.S.) for 1V dc Reference Voltage 


Reference Feedthrough (unipolar mode, 
all bits OFF, and 1 to +10V [p-p], sinewave 


frequency for 1/2LSB [p-p] feedthrough) 40kHz typ 

Output Slew Rate 10%-90% SmA/us 
90% -10% ImA/us 

Output Settling Time (all bits on and a O—-10V 

step change in reference voltage) 1.5us to 0.01% F.S. 

CONTROL AMPLIFIER 

Full Power Bandwidth 300kHz 
Small-Signal Closed-Loop Bandwidth 1.8MHz 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 


Ver to Power Ground ........0-ee ee evens OV to -18V TOP VIEW 
Voltage on DAC Output (Pin9)............ -3V to +12V 
Digital Inputs (Pins: 13 to 24) to Power Ground ... .-1.0V to ne area 

+7.0V NC ae BIT 2 IN 
Ref Into Reference Ground ...... 0... ee ee eeeee +12V IDENTIFIER 
Bipolar Offset to Reference Ground...........00- +12V REFERENCE GND Bird IN 
10V Span R to Reference Ground ...........+04% +12V AMP SUMMING 
20V Span R to Reference Ground ..........00065 +24V oe cae 
Power Dissipation i sick gai gwd 344 eee 1000mW REF. V HI IN _ ADS66A BITS IN 

-Vee oes BIT 6 IN 


BIPOLAR OFFSET R IN BIT 7 IN 


NC BIT 8 IN 
DAC OUT (-2mA F.S.) BITS IN 
10V SPAN R BIT 10 IN 
20V SPAN R BIT 11 IN 


POWER GND BIT 12 (LSB) IN 


AD566A ORDERING GUIDE 


LINEARITY 
ERROR MAX MAX GAIN T.C. PACKAGE 
MODEL PACKAGE TEMPRANGE  @+25°C (ppm of F.S./°C) OPTION! 
AD566AJN/BIN Plastic 0 to +70°C +1/2LSB 10 N24A 
AD566AJD/BIN Ceramic 0to+70°C +1/2LSB 10 D24A 
AD566AKN/BIN Plastic 0 to +70°C +1/4LSB 3 N24A 
AD566AKD/BIN Ceramic Oto +70°C +1/4LSB 3 D24A 
AD566ASD/BIN. Ceramic -55°Cto+125°C  +1/2LSB 10 D24A 
AD566ASD/BIN/883B Ceramic -55°Cto+125°C  +1/2LSB 10 D24A 
ADS66ATD/BIN Ceramic -55°Cto+125°C +1/4LSB 3 D24A 
, AD566ATD/BIN/883B Ceramic -55°Cto+125°C  +1/4LSB 3 D24A 


See Section 20 for package outline information. 
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THE AD566A OFFERS TRUE 12-BIT PERFORMANCE 
ACCURACY: Analog Devices defines accuracy as the maxi- 
deviation of the actual, adjusted DAC output (see the next page) 
from the ideal analog output (a straight line drawn from 0 

to F.S. — 1LSB) for any bit combination. The AD566A is laser 
trimmed to 1/4LSB (0.025% of F.S.) maximum error at +25°C 
for the K and T version and to 1/2LSB for the J and S versions. 


MONOTONICITY: A DAC is said to be monotonic if the out- 
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 
function of the input. All versions of the AD566A are mono- 
tonic over their entire operating temperature range. 


DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential nonlinearity error be less than 
1LSB both at +25°C and over the temperature range of inter- 
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 
change in digital input code. For example, if a 1LSB change in 
the input code results in a change of only 0.61mV (1/4LSB) in 
analog output, the differential nonlinearity error would be 
1.83mV, or 3/4LSB. The AD566AK and T have a max differ- 
ential linearity error of 1/2LSB, which is a tighter specification 
than simply guaranteed monotonicity. 


ANALYZING DEVICE ACCURACY OVER THE 
TEMPERATURE RANGE 

For the purposes of temperature drift analysis, the major de- 
vice components are shown in Figure 1. 


The input reference current to the DAC, Ipgf, is developed 
from the external reference and will show the same drift rate 
as the reference voltage. The DAC output current, Ipac which 
is a function of the digital input code, is designed to track 
IrngEF; if there is a slight mismatch in these currents over . 
temperature, it will contribute to the gain T.C. The bipolar 
offset resistor, Rpp, and gain setting resistor, RGaAIn, also have 
temperature coefficients which contribute to system drift 
errors. 


There are three types of drift errors over temperature: offset, 
gain, and linearity. Offset drift causes a vertical translation of 
the entire transfer curve; gain drift is a change in the slope of 
the curve; and linearity drift represents a change in the shape 
of the curve. The combination of these three drifts results in 

the complete specification for total error over temperature, 


Total error is defined as the deviation from a true straight line 
transfer characteristic from exactly zero at a digital input 
which calls for zero output to a point which is defined as full 
scale. A specification for total error over temperature assumes 
that both the zero and full scale points have been trimmed for 
zero error at +25°C. Total error is normally expressed a per- — 


Figure 1. Bipolar Configuration 


_ Performance 


centage of the full scale range. In the bipolar situation, this 
means the total range from -Vgg to +Vgs. | 


MONOTONICITY AND LINEARITY 

The initial linearity error of +1/2LSB max and the differential 
linearity error of +3/4LSB max guarantee monotonic perform- 
ance over the range of -5 5°C to +125°C. It can, therefore, be 
assumed that linearity errors are insignificant in computation 
of total temperature errors. 


UNIPOLAR ERRORS 

Temperature error analysis in the unipolar mode is straight- 
forward: there is an offset drift and a gain drift. The offset 
drift of 2ppm/°C max (which comes from leakage currents) 
causes a linear shift in the transfer curve as shown in Figure 2. 
The gain drift causes a change in the slope of the curve which 
results from reference drift and the device gain drift. The 
device gain drift:is the DAC drift and drift in Rgayn relative 
to the DAC resistors for a total of 3ppm/°C max (AD566AK, 
T). Total absolute error due to all of these effects is guaran- 
teed to be less than +0.05% of full scale from -55°C to +125°C. 


BIPOLAR RANGE ERRORS 

The analysis is slightly more complex in the bipolar mode. In 
this mode Rgp is connected to VrEF (see Figure 1) to generate 
a current which exactly balances the current of the MSB so 
that the output voltage is zero with the MSB on. 


Note that if the DAC and application resistors track perfectly, 
the bipolar offset drift will be zero even if the reference drifts. 
A change in the reference voltage, which causes a shift in the © 
bipolar offset, will also cause an equivalent change in IREF and 


thus Ipac, so that Ipac will always be exactly balanced by 


Ipp with the MSB turned on. This effect is shown in Figure 2. 
The net effect of the reference drift then is simply to cause a 
rotation in the transfer around bipolar zero. However, con- 
sideration of second order effects (which are often overlooked) 
reveals the errors in the bipolar mode. The unipolar offset 
drifts discussed before will have the same effect on the bipolar 
offset. A mismatch of Rpp to the DAC resistors is usually the 
largest component of bipolar drift, but in the AD566A this er- 
ror is held to 10ppm max. The total of all these errors is held 
to +0,15% of full scale from -55°C to +125°C (AD566AT). 
Note that, in the bipolar ranges, full scale is defined as the 
total range from -Vgs to +Vgs. 


==— GAIN SHIFT 
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OFFSET (ZERO) SHIFT 


UNIPOLAR = 'NPUT 
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Figure 2. Unipolar and Bipolar Drifts 


DIGITAL-TO-ANALOG CONVERTERS VOL. |, 10-59 


CONNECTING THE AD566A FOR BUFFERED VOLTAGE 
OUTPUT 


The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred 
trimming techniques. If a low offset operational amplifier 
(AD510L, AD517L, AD741L, AD301AL, AD OP-07) is used, 
excellent performance can be obtained in many situations 
without trimming (an op amp with less than 0.5mV max off- 
set voltage should be used to keep offset errors below 1/2LSB). 
If a 5022 fixed resistor is substituted for the 1002 trimmer, 
unipolar zero will typically be within +1/2LSB (plus op amp 
offset), and full scale accuracy will be within 0,1% (0.25% 
max), Substituting a 50Q resistor for the 10092 bipolar off- 
set trimmer will give a bipolar zero error typically within 
+2LSB (0.05%). | 


The AD509 is recommended for buffered voltage-output ap- 
plications which require a settling time to +1/2LSB of one 
microsecond. The feedback capacitor is shown with the op- 
timum value for each application; this capacitor is required to 
compensate for the 25 picofarad DAC output capacitance. 


FIGURE 3 UNIPOLAR CONFIGURATION 

This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar terminal, pin 7, should be 
grounded if not used for trimming. 


STEP I... ZERO ADJUST 

Turn all bits OFF and adjust zero trimmer, R1, until the output 
' reads 0.000 volts (1LSB = 2.44mV). In most cases this trim 

is not needed, but pin 7 should then be connected to pin 12. 


STEP II... GAIN ADJ UST 

Turn all bits ON and adjust 10092 gain trimmer, R2, until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) If a 10.2375V full scale is 
desired (exactly 2.5mV/bit), insert a 12092 resistor in series 
with the gain resistor at pin 10 to the op amp output. 


FIGURE 4. BIPOLAR CONFIGURATION 

This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all 1’s). 


STEP I...OFFSET ADJUST 
Turn OFF all bits. Adjust 1002 trimmer R1 to give -5.000 
output volts. 


STEP II... GAIN ADJUST 
Turn ON all bits. Adjust 10022 gun trimmer R2 to give a 
reading of +4.9976 volts. 


Please note that it is not necessary to trim the op amp to ob- 
tain full accuracy at room temperature. In most bipolar situa- 
tions, an op amp trim is unnecessary unless the untrimmed off- 
set drift of the op amp is excessive. 


FIGURE 5. OTHER VOLTAGE RANGES 

The AD566A can also be easily configured for a unipolar 0 to 
+5 volt range or +2.5 volt and +10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 11. For a5 volt span (0 to +5V or +2.5V), 
the two 5k resistors are used in parallel by shorting pin 11 to 
pin 9 and connecting pin 10 to the op amp output and the bi- 
polar offset resistor either to ground for unipolar or to VpEF 
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for the bipolar range. For the +10 volt range (20 volt span) use 
the 5k resistors in series by connecting only pin 11 to the op 
amp output and the bipolar offset connected as shown. The - 
+10 volt option is shown in Figure 5, 


DIGITAL INPUT ANALOG OUTPUT 


MSB . LSB Straight Binary Offset Binary Two’s Compl.* 
000000000000 Zero -Full Scale Zero 
011111111111 Mid Scale -1LSB Zero -1LSB +FS -1LSB 


+1/2 FS Zero -FS 
+FS -1LSB + Full Scale -1LSB  Zero-1LSB 


100000000000 
111111111111 


*Invert the MSB of the offset binary code with an external 
inverter to obtain two's complement. 


Table 1, Digital Input Codes 


Ry = 1002 
BIPOLAR OFF 


AD566A 


i<er 


7.5V pate Pit eee ‘x CODE 


*THE PARALLEL COMBINATION OF THE BIPOLAR OFFSET RESISTOR 
AND R3 ESTABLISH A CURRENT TO BALANCE THE MSB CURRENT. 
THE EFFECT OF TEMPERATURE COEFFICIENT MISMATCH BETWEEN 
THE BIPOLAR RESISTOR COMBINATION AND DAC RESISTORS IS 
EXPLAINED ON PREVIOUS PAGE. 


Figure 5. +10V Voltage Output 


DIGITAL INPUT CONSIDERATIONS 

The threshold of the digital input circuitry is set at 2.0 volts 
and does not vary with supply voltage. The input lines can 
interface with any type of 5 volt logic, TTL/DTL or CMOS, 
and have sufficiently low input currents to interface easily 
with unbuffered CMOS logic. The configuration of the input 
circuit is shown in Figure 6. The input line can be modelled as 
a 30kQ resistance connected to a -0.7V rail. 


DIGITAL ~-0.7V 


INPUTS 
| 30kQ LOGIC 
(PINS 13 TO 24) 5pF 
| > = 
POWER a 
GND 


Figure 6. Equivalent Digital Input Circuit 


GROUNDING RULES 

The AD566A brings out separate reference and power grounds 
to allow optimum connections for low noise and high speed 
performance. These grounds must be tied together at one 
point, usually the device power ground. The separate ground 
returns are provided to minimize the current flow in low-level 
signal paths. In this way, logic gate return currents are not 
summed into the same return path with analog signals. 


The reference ground at pin 3 is the ground point for the 
internal reference and is thus the “high quality” ground for 
the AD566A;; it should be connected directly to the analog 
reference point of the system. The power ground at pin 12 can 
be connected to the most convenient ground point; analog 
power return is preferred. If the power ground contains high 
frequency noise in excess of 200mV, this noise may feed 
through to the output of the converter; thus some caution is 
required in applying these grounds. | 


OUTPUT VOLTAGE COMPLIANCE 

The AD566A has a typical output compliance range of -2 to 
+10 volts. The current-steering output stages will be unaffected 
by changes in the output terminal voltage over that range. How- 
ever, there is an equivalent output impedance of 8k{2 in parallel 
with 25pF at the output terminal which produces an equivalent 
error current if the voltage deviates from analog common. This 
is alinear effect which does not change with input code. Opera- 
tion beyond the compliance limits may cause either output 
stage saturation or breakdown which results in nonlinear per- 
formance. Compliance limits are a function of output current 
and negative supply, as shown in Figure 7, 


lout = -2mA 


NEGATIVE 
COMPLIANCE VOLTAGE 


11.4V | 13.5V 16.5V 
NEGATIVE SUPPLY -- Veg 


Figure 7. Typical Neg. Compliance Range vs. Neg. Supply 


HIGH SPEED SYSTEM DESIGN 

Full realization of the AD566A high speed capabilities requires 
strict attention to detail by the user in all areas of application 
and testing. 


The settling time for the AD566A is specified for the current. 
output, an inherently high speed DAC operating mode. How- 
ever, most DAC applications require a current-to-voltage con- 
version at some point in the signal path, although an unbuf- 
fered voltage level (not using an op amp) is suitable for use 

in a successive-approximation A/D converter or in many dis- 
play applications (see next page). With proper design this form 
of current-to-voltage conversion can give very fast operation. 
The fastest voltage conversion is achieved by connecting a low 
value resistor directly to the output, as shown in Figure 8. In 
this case, the settling time is primarily determined by the cell 
switching time and by the RC time constant of the AD566A 
output capacitance of 25 picofarads (plus stray capacitance) 
combined with the output resistor value. Settling to 0.01% of 
full scale (for a full scale transition) requires 9 time constants. 
This effect is important for an equivalent resistance over 1k82. 


If an op amp is used to provide a low impedance output 
signal, some loss in settling time will be seen due to op amp 
dynamics. The normal current-to-voltage converter op amp 
circuits, based on the fast settling AD509, are shown in the 
applications circuit. The unipolar or bipolar circuits shown 
settle to +1/2LSB in lus. The DAC output capacitance, which 
acts aS a stray capacitance at the op amp inverting input, 
must be compensated by a feedback capacitor as shown. The 
value should be chosen carefully for each application and 
each op amp type. 


Fastest operation will be obtained by minimizing lead lengths, 
stray capacitance and impedance levels. The supply should be 
bypassed near the device; 0.1uF will be sufficient since the 
AD566A runs at constant supply current regardless of input 
code. Output capacitance effects can be minimized by 
grounding pin 11 in 10V span applications. 


DIRECT UNBUFFERED VOLTAGE OUTPUT FOR 
CABLE DRIVING 


The wide compliance range allows direct current-to-voltage con- 
version with just an output resistor, Figure 8 shows a connec- 
tion using the gain and bipolar output resistors to give a $1.60 
volt bipolar swing. In this situation, the digital code is comple- 
mentary binary. Other combinations of internal and external 
output resistors (Rx) can be used to scale to alternate voltage 
ranges, simply by appropriately scaling the 0 to -2mA unipolar 
output current and using the 10.0 volt reference voltage for 
bipolar offset. For example, setting Rx = 2.67kQQ gives a +1 
volt range with a 1kQ equivalent output impedance. 

This connection is especially useful for directly driving a long 
cable at high speed. A 50Q Ry resistor drives a 5082 cable with 
a +50mV full scale swing; settling time is very fast as discussed 
in the section above. 


Od 5) 


+V 
at 
ri x late x CODE 


Figure 8. Unbuffered Bipolar Voltage Output 
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MICROPROCESSOR CONTROL FOR A 12-BIT DAC 

A common I/O interface is the Digital-to-Analog Converter 
output, which provides a voltage corresponding to a data word 
from a microprocessor. 


- D4 


748175 


4 MSB’s 
FROM SYSTEM} p, 
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748175 
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FOR STANDARD 12-BIT DAC 
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ADDRESS 
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DECODER | wy 
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Figure 9. 


Interfacing is more complex when the DAC needs more bits 
of resolution than the system data bus can carry in 1 byte. 
For example, applications using an 8-bit microprocessor to 
drive a 12-bit DAC are common. Several hardware formats 
are possible; the most convenient one depends on the desired 
data format. If the least significant 8 bits are in one byte of 
memory, they can be transferred into an 8-bit latch in one 
memory-or I/O-write cycle. An adjacent cycle can be used to 
transfer the 4 least-significant bits of another data word into 
a latch controlling the 4 most-significant bits of the DAC. The 
least-significant bits of the data bus drive two 4-bit latches 
which are controlled by two separate addresses, The Hi Byte 

~ address allows the microprocessor to write in the 4 most 
significant data bits and the Lo Byte address allows the micro- 
processor to write in the 8 remaining bits. When all 12 bits 
are latched, the DAC output will assume its proper new value. 
An intermediate value will be momentarily present at the DAC 
terminals between Hi and Lo Byte write cycles, For applica- 
tions such as CRT displays where this intermediate value can- 
not be tolerated, double buffering can be effectively employed. 
This could be implemented with a separately-controlled 12- 
bit latch at the DAC inputs or a sample and hold amplifier 

on the output. \ 


D/A CONVERTER DISPLAYS 

In Figure 10, a counter-driven AD566A is shown as asawtooth 
sweep generator. When used for displays, this scheme provides 
a highly-repeatable, controllable linear sweep. 


Raster displays are usually generated by a fast horizontal scan 
and a slower vertical scan which is derived from the horizontal 
scan. Intensity modulation during each horizontal scan pro- 
vides the pictorial information. The picture resolution is ex- 
pressed in terms of the number of discernible data points per 
line multiplied by the number of lines. The minimum frame 
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period is the time allowed for the horizontal scan-plus-retrace 
multiplied by the number of lines, plus vertical retrace time. 


A family of monolithic D/A converters is available from 
Analog Devices that are suitable for vertical sweeps. The 
line-spacing uniformity depends on linearity while maximum 
number of lines depends on DAC resolution. A display of 
1024 lines would require 10 bits of resolution and 12 bits of 
linearity (0.012% of linearity provides less than 12% of spacing 
error). Switching transients created within the vertical sweep 
DAC are blanked because they occur during the horizontal 
retrace interval. 


For horizontal sweeps, the DAC requirements are more severe. 
For example, to resolve 500 points per line, at 500 lines per 
frame, at a 30Hz frame rate, requires that each digital hori- 
zontal step settle within 100ns (typical full scale settling time 
is 200ns), and that there be no “glitches”. Even if the display 


_ is blanked between horizontal steps, large glitches at major 


carries can cause deflection-amplifier transients, which distort 
the pattern. 


Figure 10, 


The excellent high speed performance of the AD566A is demon- 
strated in the oscilloscope photograph of Figure 11. This mea- 
surement is made with the AD566A driving directly into an 
equivalent 5082 load, amplified with a low capacitance MOS- 
input, UHF amplifier. The figure shows the worst case situa- 
tion, which is full scale transition from switching all bits OFF 
to ON. The equipment and circuitry used to make the mea- 
surements adds about 5Ons to the actual device performance. 


INPUT DRIVE 
0TO5 VOLTS 


OUTPUT SIGNAL 
1 DIVISION = 1LSB 


HORIZONTAL SCALE 
150ns/DIV 


Figure 11, Settling Characteristic Detail 


ANALOG 
DEVICES 


Microprocessor-Compatible 
12-Bit D/A Converter: 


ADS67" 


FEATURES 

Single Chip Construction 

Double-Buffered Latch for 8-Bit u.P-Compatibility 

Fast Settling Time: 500ns max to +1/2LSB 

High Stability Buried Zener Reference on Chip | 

Monotonicity Guaranteed Over Temperature 

Linearity Guaranteed Over Temperature: 1/2LSB max 
(AD567K, T) 

Guaranteed for Operation with 12V or +15V Supplies 

Low Power: 300mW Including Reference 

TTL/S5V CMOS Compatible Logic Inputs 

Low Cost 


PRODUCT DESCRIPTION 

The AD567 is a complete high speed 12-bit digital-to-analog 
converter including a high stability buried zener voltage 
reference and double-buffered input latch on a single chip. 
The converter uses 12 precision high speed bipolar current 
steering switches and a laser trimmed thin film resistor 
network to provide fast settling time and high accuracy. 


Microprocessor compatibility is achieved by the on-chip 
double-buffered latch. The design of the input latch allows 
direct interface to 4-, 8-, 12-, or 16-bit buses. The 12 bits of — 
data from the first rank of latches can then be transferred to 
the second rank, avoiding generation of spurious analog out- 
put values. The latch responds to strobe pulses as short 

as 100ns, allowing use with the fastest available microprocessors, 


The functional completeness and high performance in the 
AD567 results from a combination of advanced switch design, 
. high speed bipolar manufacturing process, and the proven laser 
wafer-trimming (LWT) technology. The AD567 is trimmed at 
the wafer level and is specified to +1/4LSB maximum linearity 
error (K and T grades) at 25°C and +1/2LSB over the full 
operating temperature range. 


The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best dis- 
crete reference diodes. The laser trimming process which pro- 
vides the excellent linearity 1s also used to trim both the abso- 
lute value of the reference as well as its temperature coefficient. 
The AD567 is thus well suited for wide temperature range 
performance with +1/2LSB maximum linearity error and 
guaranteed monotonicity over the full temperature range. 
Typical full scale gain T.C. is 10ppm/°C. 


The AD567 is available in four performance grades, The 
AD567]J and K are specified for use over the 0 to +70°C tem- 
perature range and are available in either a 28-pin hermetically- 
sealed, ceramic DIP or a 28-pin molded plastic DIP (N package). 
The AD567S and T grades are specified for the -55°C to 
+125°C range and are available in the ceramic package. 


AD567 FUNCTIONAL BLOCK DIAGRAM 


0B11 -~—=— 088 OB7 --= 0B4 DB3 --=— DB0 
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12-BIT HIGH SPEED DAC 


LOW TC 
REFERENCE 


' 28-PIN DIP 


pee 
sr 


PRODUCT HIGHLIGHTS 
1. The AD567 is a complete current output DAC with volt- 
age reference and digital latches on a single IC chip. (10 
2. The double-buffered latch structure permits direct inter- 
face to 4-, 8-, 12-, or 16-bit data buses, All logic inputs are 


TTL or 5 volt CMOS compatible. 


3. The internal buried zener reference is laser-trimmed to 
10.00 volts with a +1% maximum error. The reference volt- 
age is also available for external application. 


4. The chip also contains SiCr thin film application resistors 


which can be used either with an external op amp to pro- 
vide a precision voltage output or as input resistors for an 
A/D converter. The resistors are matched to the internal 
ladder network to guarantee a low gain temperature coef- 
ficient and are laser-trimmed for minimum full scale and 
bipolar offset errors. 


5. The precision high speed current switch design* provides 
high dc accuracy and an optimally-damped settling charac- 
teristic. Output current settling time is 500 nanoseconds 
maximum to +1/2LSB. 


6. The single-chip construction makes the AD567 inherently 
more reliable than multichip hybrid designs. The AD567S 
and T grades with guaranteed linearity and monotonicity 
over the -55°C to +125° C range are especially recommended 
for high reliability needs in harsh environments. These units 
are available processed to MIL-STD-883, Level B. 


*Covered by patent numbers: 3,803,590; 3,890,611; 3,932,863; 
3,978,473; 4,020,486; and other patents pending. 
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SPECIFICATIONS (Ta = +25°C; Vec= +12V or +15V, VEE = -12V or -15V, unless otherwise specified) 


AD567) AD567K 
MODEL MIN TYP MAX MIN TYP MAX UNITS 
DATA INPUTS! (Pins 10-15 and 17-28) 
TTL or 5 Volt CMOS 
Input Voltage 


Bit ON Logic “1” +2.0 +5.5 
Bit OFF Logic “0” +0.8 
Logic Current (each bit) 
Bit ON Logic “1” +120 +300 
Bit OFF Logic “0” +35 +100 
RESOLUTION 12 
OUTPUT | 
Current 
Unipolar (all bits on) -1.6 -2.0 -2.4 
Bipolar (all bits on or off) +0.8 +1.0 £12 
Resistance (exclusive of span 
resistors) 6k 8k 10k 
Offset 
Unipolar 0.01 0.05 
Bipolar (Figure 3, R2 = 50Q fixed) 0.05 0.15 
Capacitance 25 
‘Compliance Voltage 
Tiin tOo1 page -1.5 +10 
ACCURACY (error relative to 
full scale) +25°C +1/4 +1/2 +1/8 +1/4 LSB 
; (0.006) (0.012) (0.003) (0.006) % of F.S 
Tmin tO Tmax +1/2 +3/4 +1/4 +1/2 LSB 
(0.012) (0.018) (0.006) (0.012) % of F.S 
_ DIFFERENTIAL NONLINEARITY 
+25°C 24/2 +3/4 +1/4 +1/2 LSB 
Tmniny tO Ena MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 
TEMPERATURE COEFFICIENTS 
With Internal Reference 
Unipolar Zero 1 2 1 4 Z ppm/°C 
Bipolar Zero 7 5 10 10 ppm/°C 
Gain (Full Scale) 15 50 10 20 ppm/°C 
Differential Nonlinearity _ 2 2 ppm/°C 
TEMPERATURE RANGE 
Operating 0 +70 =e 
Storage -65 . +150 °C 
POWER REQUIREMENTS 
Vcc, +11.4 to +16.5V de 3 5 mA 
Veg, 11.4 to -16.5V de -17 -25 mA 
POWER SUPPLY GAIN SENSITIVITY? as 
Vcc = +11.4 to +16.5V de 3 10 ppm of F.S./% 
VEE = -11.4 to -16.5V de 15 25 ppm of F.S./% 
PROGRAMMABLE OUTPUT 
RANGE (see Figures 1, 2, 3° 0 to +5 0 to +5 V 
-2.5 to #2.5 -2.5 to +2.5 Vv 
0 to +10 , 0 to +10 Vv 
-5 to +5 — Sto +5 Vv 
-10 to +10 -10 to +10 Vv 
EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 : 
Resistor for.R2 (Figure 2) +0.1 +0.25 % of F.S 
Bipolar Zero Error with Fixed 
50Q Resistor for R1 (Figure 3) +0.05 +0.15 % of F.S. 
Gain Adjustment Range (Figure 2) +0.25 % of F.S. 
Bipolar Zero Adjustment Range — 0.15 % of F.S. 
REFERENCE INPUT 
Input Impedance 15k 20k 25k 2 
REFERENCE OUTPUT . 
Voltage 9.90 10.00 10.10 Vv 
Current (available for external 
loads) 0.1 1.0 mA 
POWER DISSIPATION 300 495 mW 
PACKAGE OPTION? 
Ceramic DIP (D28A) AD567JD AD567KD 
Plastic DIP (N28A) ADS567JN* AD567KN* 
NOTES 
1 The digital input specifications are guaranteed but not tested over the *See Section 20 for package outline information. 
operating temperature range. “The AD567JN, KN, SD and TD will be available in June 1982. 


? The power supply gain sensitivity is tested in reference to a Vcc, VEE of t15V de £10%. — Specifications subject to change without notice. 
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ADS67S = ADS67T 
MODEL MIN TYP MAX MIN TYP MAX UNITS 
DATA INPUTS! (Pins 10-15 and 17-28) a | 


TTL or 5 Volt CMOS 
Input Voltage 


Bit ON Logic “1” +2.0 +5.5 V 
Bit OFF Logic “0” : +0.8 V 
Logic Current (each bit) 
Bit ON Logic ‘‘1”’ +120 +300 MA 
Bit OFF Logic ‘‘0”’ +35 - +100 yA 
RESOLUTION 12 Bits 
OUTPUT ‘ 
Current 
Unipolar (all bits on) -1.6 -2.0: -2.4 mA 
Bipolar (all bits on or off) +0.8 +1.0 +1.2 mA 
Resistance (exclusive of span . 
resistors) 6k 8k 10k 2 
Offset 
Unipolar 0.01 0.05 % of F.S 
Bipolar (Figure 3, Rz = 50Q fixed) 0.05 0.15 % of F.S 
Capacitance 25 pF 
Compliance Voltage 
Tinwt0 FT fax: -1.5 +10 Vv 
ACCURACY (error relative to 
full scale) +25°C +1/4 +1/2 +1/4 LSB 
(0,006) (0.012) (0.006) % of F.S. 
Tat: law. +1/2 +3/4 +1/2 LSB 
(0.012) (0.018) (0.012) % of F.S. 
DIFFERENTIAL NONLINEARITY 
+25°C +1/2 +3/4 +1/4 +1/2 LSB 
Trin: tO Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED . 
TEMPERATURE COEFFICIENTS : 
With Internal Reference 
Unipolar Zero 1 2 1 2 ppm/°C 
Bipolar Zero 5 10 5 10 ppm/°C 
Gain (Full Scale) 15 30 10 - 20 ppm/°C 
Differential Nonlinearity 2 2 ppm/°C 
TEMPERATURE RANGE 
Operating ~55 +125 ae 
Storage -65 +150 C 
POWER REQUIREMENTS 
Vcc, +11.4 to +16.5V de 3 5 mA 
Veg, -11.4 to -16.5V dc -17 -25 mA 
POWER SUPPLY GAIN SENSITIVITY? 
Vcc = +11.4 to +16.5V dc 3 10 ppm of F.S./% 
VEE = -11.4 to -16.5V dc 15 25 ppm of F.S./% 
PROGRAMMABLE OUTPUT 
RANGES (see Figures 1, 2, 3) 0 to +5 0 to +5 V 
-2.5 to +2.5 -2.5 to +2.5 Vv 
0 to +10 0 to +10 V 
-5 to +5 -Sto+5 Vv 
-10 to +10 : -10 to +10 V 
EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 50Q 
Resistor for R2 (Figure 2) +0.1 +0.25 % of F.S 
Bipolar Zero Error with Fixed 
5092 Resistor for R1 (Figure 3) +0.05 +0.15 % of F.S 
Gain Adjustment Range (Figure 2) +0.25 % of F.S 
Bipolar Zero Adjustment Range = +015 % of F.S 
REFERENCE INPUT 
Input Impedance 15k 20k 25k 2 
. REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 Vv 
Current (available for external 
loads) 0.1 1.0 mA 
POWER DISSIPATION . 300 495 mW 


300 495 
PACKAGE OPTION® AD567SD* | ADS67TD* | . 


Specifications subject to change without notice. 
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as 
TIMING SPECIFICATIONS 


(All Models, Ta = 25°C, Vcc = +12V or +15V, 
Ver =-12V or -15V) 


Symbol Parameter Min Typ Max 
tpw Data Valid to End of of WR '50 -—- -— 
tcw CS Valid to End of WR 100 — - 
taw Address Valid toEnd of WR 100 — = — 
twp Write Pulse Width 100 - - 
tpH Data Hold Time 0 - = 
tseETT Output Current Settling Time — 400 500 


TIMING DIAGRAMS 


WRITE CYCLE #1 
(Load First Rank from Data Bus; A3 = 1) 


=< 


DB11-DBO \ | x 


AD567 ORDERING GUIDE. 


ns 


ns 
ns 
ns 
ns 


»- LINEARITY 
TEMP ERROR MAX 
MODEL PACKAGE RANGE - @25°C 

AD567JN* Plastic Com _+1/2LSB 
AD567KN*. Plastic Com .+1/4LSB 
AD567JD Ceramic Com +1/2LSB 
AD567KD Ceramic Com .t1/4LSB 
AD567SD* Ceramic Mil +1/2LSB 
AD567SD/883B* Ceramic Mil +1/2LSB 
AD567TD* Ceramic Mil +1/4LSB 
AD567TD/883B* Ceramic Mil +1/4LSB 


*To be available June 1982. 
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ABSOLUTE MAXIM UM RATINGS 


Vcc to. Power Ground . a itt Berea BE pA aed OV to +18V 
VEE to Power,Ground .... 0.0.0.0 cece ees OV to -18V 
Voltage on pic Output (Pin 2)............ -3V to +12V 
Digital Inputs (Bins 10-15, 17-28) 

to Power Gropnd. uth dicks race nea weaae SSS -1.0V to +7.0V 
Ref In to Reference Ground ........0. 00 eeeee +12V 
Bipolar Offset to Reference Ground.............. +12V 
10V Span’R’to Reference Ground ............045 +12V 
20V Span R'to Reference Ground ............44. +24V 


Ref Out..... ir oe 


ere Indefinite short to power ground 


eed Momentary Short to Vcc 
1213 (0) nn ee ee ne eee 1000mW 


WRITE CYCLE. #2 
(Load Second Rank from First Rank; Az, Aj, Ag = 1) 


OUTPUT 
PIN CONNECTIONS 
TOP VIEW 
BIP OFFSET | ] 1 28 | 0811 (MSB) 

DAC OUT (-2mA F.S.) [—] 2 27 [_] pB10 
GAIN T.C. 1OVSPANR(] 3 ‘IDENTIFIER 26 = DB9 
MAX 20V SPANR{ 9 4 25[ | DBs 
5Oppm/°C REF GNO[ 15 24 |) 0B7 
20ppm/°C Vrer out |_| 6 23] ose 
50ppm/°C Vee L] 7 22[_] 08s 
20ppm/°C VaeF in L_] 8 21[] 0B4 
30ppm/°C -Vee LJ 9 20, ] 083 
30ppm/°C cs [J 10 19 |_} 082 
20ppm/°C wr} 18 [) 081 

20ppm/°C | a3 [_] 12 17 [} ps0 (ss) 

A2L_} 13 16 [ ] POWER GROUND 


Ail 9 14 157 | AO 


Analog Application Notes 


THE AD567 OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 


RELATIVE ACCURACY: Analog Devices defines relative 
accuracy as the maximum deviation of the actual, adjusted 
DAC output from the ideal analog output (a straight line 
drawn from 0 to F.S. — 1LSB) for any bit combination. The 
AD567 is laser trimmed to 1/4LSB (0.006% of F.S.) maxi- 
mum error at +25°C for the K and T versions and 1/2LSB 
for the J and S. 


MONOTONICITY: A DAC is said to be monotonic if the out- 
put either increases or remains constant for increasing digital 
inputs such that the output will always be a non-decreasing 
function of input. All versions of the AD567 are mono- 

tonic over their full operating temperature range. 


DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than. 
1LSB both at +25°C and over the temperature range of inter- 
est. Differential nonlinearity is the measure of the variation in 
analog value, normalized to full scale, associated with a 1LSB 
change in digital input code. For example, for a 10 volt full 
scale output, a change of 1LSB in digital input code should 
result in a 2.44mV change in the analog output (1LSB = 10V x 
1/4096 = 2.44mV). If in actual use, however, a 1LSB change in 
the input code results in a change of only 0.61mV (1/4LSB) in 
analog output, the differential linearity error would be 
1.83mV, or 3/4LSB. The AD567K and T have a max differen- 
tial linearity error of 1/2LSB, which specifies that every step 
will be at least 1/2LSB-and at most 1 1/2 LSB. 


The differential nonlinearity temperature coefficient must also 
be considered if the device is to remain monotonic over its full 
operating temperature range. . A differential nonlinearity temper- 
ature coefficient of 1.0ppm/°C could, under worst case condi- 
tions for a temperature change of +25°C to +125°C, add 
0.01% (100°C x 1.0ppm/°C) of error. The resulting error 
could then be as much as 0.01% + 0.006% (initial error, 
1/4LSB) = 0.016% of F.S. (1/2LSB represents 0.012% of 
F.S.). To be sure of accurate performance all versions of the 
ADS567 are 100% tested for monotonicity over the full oper- 
ating temperature range. 


ANALOG CIRCUIT CONNECTIONS 

The standard current-to-voltage conversion connections using 
an operational amplifier are shown here with the preferred trim- 
ming techniques. If a low offset operational amplifier (AD510L; 
AD517L; AD741L; AD301AL; AD OP-07) is used, excellent 
performance can be obtained in many situations without trim- 
ming (an op amp with less than 0.5mV max offset voltage 
should be used to keep offset errors below 1/2LSB). Unipolar 
zero will typically be within +1/2LSB (plus op amp offset), 
and full scale accuracy will be within 0.1% (0.25% max). 
Substituting a 50Q resistor for the 10092 bipolar offset trim- 
mer will give a bipolar zero error typically within +2LSB 
(0.05%). 

The AD544 is recommended for buffered voltage-output appli- 
cations which require fast settling time to +1/2LSB. The feed- 
back capacitor is shown with the optimum value for each 
application; this capacitor is required to compensate for the 
25 picofarad DAC output capacitance. 


OUTPUT 
OpF fo To +10v 


Figure 1. Oto +10V Unipolar Voltage Output 


FIGURE 1. UNIPOLAR CONFIGURATION . 
This configuration will provide a unipolar 0 to +10 volt output 
range. In this mode, the bipolar terminal, pin 1, should be 
grounded if not used for trimming. 


STEP I... ZERO ADJUST 

Turn all bits OFF and adjust zero trimmer R1, until the out- 
put reads 0.000 volts (1 LSB = 2.44mV). In most cases this trim 
is not needed, and pin 1 should be connected to pin 5. 


STEP II... GAIN ADJ UST 

Turn all bits ON and adjust 10022 gain trimmer R2, until the 
output is 9.9976 volts. (Full scale is adjusted to 1LSB less than 
nominal.-full scale of 10.000 volts.) If a 10.2375V full scale is 
desired (exactly 2.5mV/bit), insert a 12022 resistor in series 
with the gain resistor at pin 3 to the op amp output. 


OUTPUT 
-5V TO +5V 


Figure 2. +5V Bipolar Voltage Output 


FIGURE 2. BIPOLAR CONFIGURATION 

This configuration will provide a bipolar output voltage from 
-5.000 to +4.9976 volts, with positive full scale occurring with 
all bits ON (all 1’s). 

STEP 1...OFFSET ADJUST 

Turn OFF all bits. Adjust 1002 trimmer R1 to give -5.000 
volts output. 


STEP II... GAIN ADJ UST : 
Turn ON All bits. Adjust 10022 gain trimmer R2 to give a 
reading of +4.9976 volts. 


Please note that it is not necessary to trim the op amp to ob- 
tain full accuracy at room temperature. In most bipolar situa- 
tions, an op amp trim is unnecessary unless the untrimmed off- 
set drift of the op amp is excessive. 
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FIGURE 3 OTHER VOLTAGE RANGES 

The AD567 can also be easily configured for a unipolar 0 to 
+5 volt range or 2.5 volt and +10 volt bipolar ranges by using 
the additional 5k application resistor provided at the 20 volt 
span R terminal, pin 4. For a 5 volt span (0 to +5 or 42.5), 
the two 5k resistors are used in parallel by shorting pin 4 to 
pin 2 and connecting pin 3 to the op amp output and the 
bipolar offset either to ground for unipolar or to REF OUT 
for the bipolar range. For the +10 volt range (20 volt span) 
use the 5k resistors in series by connecting only pin 4 to the 
op amp output and the bipolar offset connected as shown. 
The £10 volt option is shown in Figure 3. 


R1 
10083 +Vcc 


CS WR A3-AO 080-0811 BIPOLAR 


OUTPUT 
-10V TO +10V 


Figure 3. +10V Voltage Output 


The internal resistor values shown in Figures 1, 2, and 3 are 
nominal values only, as is the output current. These values are 
subject to an absolute tolerance of approximately +20%. 
Furthermore, the resistors in the AD567 exhibit a tempera- 
ture coefficient of approximately -5Oppm/°C. While these 
absolute tolerances may appear excessively wide, the ratios 

of the resistor values and tracking TC are extremely well- 
controlled. In applications where the internal feedback 
resistor determines the output voltage range it is the ratios 
which determine the accuracy. However, in applications where 
the desired full scale range requires use of an external resistor, 
sufficient trim range must be provided to compensate for the 
tolerance of the internal resistance. 


INTERNAL/EXTERNAL REFERENCE USE 

The AD567 has an internal low-noise buried zener diode refer- 
ence which is trimmed for absolute accuracy and temperature 
coefficient. This reference is buffered and optimized for use 
in a high speed DAC and will give long-term stability equal 

or superior to the best discrete zener reference diodes. The 
performance of the AD567 is specified with the internal refer- 
ence driving the DAC since all trimming and testing (especially 
for full scale error and bipolar offset) is done in this config- 
uration. 


The AD567 can be used with an external reference, but may 
not have sufficient trim range to accommodate a reference 
which does not match the internal reference. 


The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically 0.5mA to Ref In and 1.0mA to Bipolar Offset). 


Output Range Connect Pin 3 to: 


0to +5V Amplifier Output 
0 to +10V Amplifier Output 
-2.5V to+2.5V Amplifier Output 
-5V to +5V Amplifier Output 
-10V to +10V = 


..: re 


A minimum of 0.1mA is available for driving external loads. 
The AD567 reference output should be buffered with an ex- 
ternal op amp if it is required to supply additional output 
current, The reference is typically trimmed to +0,.2%, then 
tested and guaranteed to +1.0% max error. The temperature 
coefficient is comparable to that of the full scale TC fora 
particular grade. 


OUTPUT VOLTAGE COMPLIANCE 

The AD567 has a typical output compliance range from -1.5 to 
+10 volts. The current-steering output stages will be unaffected 
by changes in the output terminal voltage over that range. How- 
ever, there is an equivalent output impedance of 8k in parallel 
with 25pF at the output terminal which produces an equivalent 
error current if the voltage deviates from analog common. This 
isa linear effect which does not change with input code. Opera- 
tion beyond the compliance limits may cause either output 
stage saturation or breakdown which results in nonlinear per- 
formance. Compliance limits are not affected by the posi- 
tive power supply, but are a function of output current and 
negative supply, as shown in Figure 4. 


lout = -2mA 


NEGATIVE 
COMPLIANCE VOLTAGE 


11.4V 13.5V 16.5V 
NEGATIVE SUPPLY -- Veg 

Figure 4. Typical Negative Compliance Range vs. 

Negative Supply 
GROUNDING RULES 
The AD567 brings out separate reference and power grounds 
to allow optimum connections for low noise and high speed 
performance. These grounds should be tied together at one 
point, usually the device power ground. The separate ground 
returns are provided to minimize current flow in low-level 
signal paths. In this way, logic return currents are not sum- 
med into the same return path with analog signals. 


The reference ground at pin 5 is the ground point for the 
internal reference and is thus the “high quality” ground for 
the AD567; it should be connected directly to the analog 
reference point of the system. The power ground at pin 16 
can be connected to the most convenient ground point; 
analog power return is preferred. If power ground contains 
high frequency noise beyond 200mV, this noise may feed 
through the converter, thus some caution will be required 
in applying these grounds. 


It is also important to properly apply decoupling capacitors 
on the power supplies for the AD567 and the output ampli- 
fier. The correct method for decoupling is to connect a capac- 
itor from each power supply pin of both the AD567 and the 
amplifier directly to the reference ground pin of the AD567. 
Any load driven by the output amplifier should also be re- 
ferred to the reference ground pin. 


Connect Pin 4 to: 


Connect Pin 1 to: 


Pin 2 Pin 5 
Amplifier Output Pin 5 
Pin 2 Pin 6 (through 5082) 
Amplifier Output —_— Pin 6 (through 5022) 
Amplifier Output ‘Pin 6 (through 5022) 


Table 1. Connections for Various Output Ranges 
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AD567 Digital Interface Details 


DIGITAL CIRCUIT DETAILS 

The bus interface logic of the AD567 consists of four inde- 
pendently addressable registers in two ranks. The first rank 
consists of three four-bit registers which can be loaded di- 
rectly from a 4-, 8-, 12-, or 16-bit microprocessor bus. Once - 
the complete 12-bit data word has been assembled in the 
first rank, it can be loaded into the 12-bit register of the 
second rank. This double-buffered organization avoids the 
generation of spurious analog output values, Figure 5 shows 
the block diagram of the AD567 logic section. 


The latches are controlled by the address inputs, AO-A3, and 
the CS and WR inputs. All control inputs are active low, con- 
sistent with general practice in microprocessor systems. The 
CS and WR inputs must both be low for any operation to 
occur. The four address lines each enable one of the four 
latches, as indicated in Table 2 below. 


All latches in the AD567 are level-triggered. This means that 
data present during the time when the control signals are valid 
will enter the latch. When any one of the control signals re- 
turns high, the data is latched. 


0B11—-—— 068 DB7--— DB4 0B3 --=— DB0 


12-BIT PARALLEL LATCH 


ae eee eee ee 


No Operation 
No Operation 
Enable 4 LSBs of First Rank 

Enable 4 Middle Bits of First Rank 
Enable 4 MSBs of First Rank 

Loads Second Rank from First Rank 
All Latches Transparent 


ooooo, =| 
y °) 


**X”? = Don’t Care 
Table 2. AD567 Truth Table 


MICROPROCESSOR BUS INTERFACING 

The AD567 interface logic is configured with enough flexi- 
bility to allow relatively simple interface to the various micro- 
processor bus structures, The required control signals, CS and 
WR, are easily derived in most systems. Usually a base address 
is decoded, and this active-low signal is used for CS (Chip 
Select). Either 1/O Write or Memory Write can be used for WR, 
depending on the system design. The relative timing of these 
signals is not important and they are interchangeable. 


The address lines determine which of the latches are being 
enabled. It is permissible to enable two or more latches 
simultaneously, as in the examples of 8-, 12-, and 16-bit 
interfaces, 


The double-buffered latch permits data to be loaded into the 

first rank latches of several AD567s and subsequently strobed 
into the second rank registers of all the DACs, All analog out- 
puts will then update simultaneously. 


4-BIT PROCESSOR INTERFACE 

Many industrial control applications use four-bit microproces- 
sors but require 12-bit accurate analog control voltages. The 
AD567 is well suited to these applications, due to its flexible 
control structure. 


DB11, DB7, DB3 
DB10, DB6, DB2 
DB9, DB5, DB1 


DB8, DB4, DBO 


ADDRESS OPERATION 

x00 LOAD 4LSBs 

x01 LOAD 4 MIDDLE BITS 
x10 LOAD 4 MSBs 

x11 UPDATE OUTPUT 


Figure 6. Addressing for 4-Bit Microprocessor Interface 


Each AD567 occupies four locations in a 4-bit microprocessor 
system. A single 74LS139 2-to-4 decoder is used to provide 
sequential addresses for the four AD567 registers. CS is de- 
rived from an address decoder driven from the high order 
address bits. The system WR is used for the WR input of the 
AD567. 


8-BIT MICROPROCESSOR INTERFACE 

The AD567 interfaces easily to 8-bit microprocessor systems 
of all types. The control logic makes possible the use of right- 
or left-justified data formats. 


Whenever a 12-bit DAC is loaded from an 8-bit bus, two bytes 
are required. If the program considers the data to be a 12-bit 
binary fraction (between 0 and 4095/4096), the data is left- 
justified, with the eight most significant bits in one byte and 
the remaining bits in the upper half of another byte. Right- 
justified data calls for the eight least significant bits to occupy 
one byte, with the 4 most significant bits residing in the lower 
half of another byte, simplifying integer arithmetic. 


[esti [os10] o8a | ose [a7 | 086 | oes] ose 
[oss [oe2 [om [ooo] x] x] x] x 


a. Left Justified 


Dx Dx [x [x Joan oso] 50 [ose 
[os7 [ose [oes [ee [oss | 082] 61 [080 


b. Right Justified 
Figure 7. 12-Bit Data Formats for 8-Bit Systems 
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Figure 8 shows an addressing scheme for use with an AD567 
set up for left-justified data in an 8-bit system. The base ad- 
dress is decoded from the high-order address bits and the re- 
sultant active-low signal is applied to CS. The two LSBs of 
the address bus are connected as shown to the AD567 address 
inputs, The latches now reside in two consecutive locations, 
with location X01 loading the four LSBs and location X10 
loading the eight MSBs and updating the output. 


ADDRESS 
DECODER 


Figure 8. Left-Justified 8-Bit Bus Interface 


Right-justified data can be similarly accommodated. The 
overlapping of data lines is reversed, and the address con- 
nections are slightly different. The AD567 still occupies 

two adjacent locations in the processor’s memory map. 


ADORESS 
DECODER 


Figure 9. Right-Justified 8-Bit Bus Interface 


USING MULTIPLE AD567 DACS IN 8-BIT SYSTEMS 
Many applications use multiple digital-to-analog converters 
driven from the same data bus. For example, automatic test 
equipment systems often require all analog outputs to be 
produced simultaneously. Vector-scan graphic systems require 
that the X and Y coordinates of the stroke endpoints be up- 
dated simultaneously. The AD567 can be used with a very 
simple address decoder to perform this function, as shown 

in Figure 10. The 74LS139 two-line to four-line decoder and 
one inverter provide a set of distinct address pulses which 
assign the registers of the two DACs to a block of consecutive 
memory locations. In this circuit, write operations to addres- 
ses X000 and X001 load the first rank registers of one DAC 
in a right-justified data format. Addresses X010 and X011 
load the first tank of another DAC, also in a right-justified 
format. A write to any address from X100 to X111 will load 
the second rank registers of both DACs simultaneously from 
their respective first rank registers. 
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! BASE 
ADDRESS 
DECODER 


TO CS INPUT 
(BOTH DACS) 


1/2 74LS139 


TO AO, A1 X DAC 
TO A2 X DAC 


TO AO, A1 Y DAC 
TO A2 Y DAC 


TO A3, BOTH DACS 


TO WR INPUT 
(BOTH DACS) 


[a TAT [AT _OneRATION | 


0 LOAD 8LSB — X DAC 
1 LOAD 4MSB — X DAC 
0 LOAD 8LSB — Y DAC 
1 LOAD 4MSB — Y DAC 
x UPDATE BOTH DACS 


Figure 10. Addressing for Two DACs (Right-Justified) on 
8-Bit Bus 


USING THE AD567 WITH 12- AND 16-BIT BUSES 

The AD567 is easily interfaced to 12- and 16-bit data buses. 
In this operation, all four address lines (AO through A3) are 
tied to low, and the latch is enabled by CS and WR going 


~oooo 


i low. The AD567 thus occupies a single memory location. 


This configuration renders the second rank register trans- 
parent, using the first rank of registers as the data latch, The 
CS input can be driven from an active-low decoded address, 
and WR can be the system WR signal. It should be noted that 
any data bus activity during the period when CS and WR are 
both active will cause activity at the AD567 output. If data 
is not guaranteed stable during this period, the second rank 
register can be used to provide double buffering. 


D4 
D3 
D2 
D1 
DO 
A15 
' DECODER 
A2 
wR 


Figure 11, Connections for 12- and 16-Bit Bus Interface 


DIGITAL INPUT CONSIDERATIONS 


The threshold of the digital input circuitry is set at 1.4 volts 
and does not vary with supply voltage. The input lines can 
thus interface with any type of 5 volt logic. The configuration 
of the input circuit is shown in Figure 12. The input line can 
be modeled as a 30kQ2 resistance connected to a -0.7V rail, 

in parallel with a SpF capacitance to ground. 


DIGITAL | 
INPUTS 
(PINS 10-15 
AND 17-28) 


poner 
GND 


Figure 12. Equivalent Digital Input Circuit 


TO LOGIC 


1 ANALOG 
DEVICES 


PRELIMINARY TECHNICAL DATA 


FEATURES 

improved Replacement for Industry Standard 1408/1508 

improved Settling Time: 250ns typ 

Improved Linearity: t0.1% Accuracy Guaranteed Over 
Temperature Range (-9 Grade) . 

High Output Voltage Compliance: +0.5V to -5.0V 

Low Power Consumption: 157mW typ 

High Speed 2-Quadrant Multiplying Input: 4.0mA/us 
Slew Rate 

Single Chip Monolithic Construction 

Hermetic 16-Pin Ceramic DIP 

Low Cost 


PRODUCT DESCRIPTION 

The AD1408 and AD1508 are low cost monolithic integrated 
circuit 8-bit multiplying digital-to-analog converters, consisting 
of matched bipolar switches, a precision resistor network and a 
control amplifier. The single chip is mounted in a hermetically 
sealed ceramic 16 lead dual-in-line package. 


Advanced circuit design and precision processing techniques 
result in significant performance advantages over older indus- 
try standard 1408/1508 devices. The maximum linearity error 
over the specified operating temperature range is guaranteed 
to be less than +4%LSB (-9 grade) while settling time to t%LSB 
- is reduced to 250ns typ. The temperature coefficient of gain 
is typically 20ppm/°C and monotonicity is guaranteed over 
the entire operating temperature range. 


The AD1408/AD1508 is recommended for all low-cost 8-bit 
DAC requirements; it is also suitable for upgrading overall 
performance where older, less accurate and slower 1408/1508 
devices have been designed in. The AD1408 series is specified 
for operation over the 0 to +75°C temperature range, the 
AD1508 series for operation over the entire military tempera- 
ture range of -55°C to +125°C. 


*Covered by Patent Numbers 3,961,326; 4,141,004. 


8-Bit Monolithic 
Multipling D/A Converter 


— AD1408/AD1508" 


AD1408/AD1508 FUNCTIONAL BLOCK DIAGRAM 


MSB LSB 


ae ee ee ee ee ee 
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PRODUCT HIGHLIGHTS . 

1. Monolithic IC construction makes the AD1408/AD1508 an 
optimum choice for applications where low cost is a major 
consideration. 


2. The AD1408/AD1508 directly replaces other devices of 
this type. — 
3. Versatile design configuration allows voltage or current out- 
puts, variable or fixed reference inputs, CMOS or TTL 
logic compatibility and a wide choice of accuracy and tem- 
perature range specifications. 


4, Accuracies within +%LSB allow performance improvement 
of older applications without redesign. 

5. Faster settling time (250ns typ) permits use in higher speed 
applications. 

6. Low power consumption improves stability and reduces 
warm-up time. 


7. The AD1408/AD1508 multiplies in two quadrants when a 
varying reference voltage is applied. When multiplication is 
not required, a fixed reference is used. — 


8. The device is packaged in a hermetically-sealed ceramic 16 
lead dual-in-line package. Processing to MIL-STD-883 level 
B is available. 
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SPECIFICATIONS « (typical @ +26°C and Vec = +5.0V de, VEE = ~18V de unless otherwise rows 


MAXIMUM RATINGS 


RATING SYMBOL VALUE UNIT 
POWER SUPPLY VOLTAGE Voc . +5.5 Vdc 
VEE -16.5 Vv dc 

DIGITAL INPUT VOLTAGE Vs, thru Vj +5.5,0 V de 
APPLIED OUTPUT VOLTAGE Vo +0.5, -5.2 Vdc 
REFERENCE CURRENT lig 5.0 mA 
REFERENCE AMPLIFIER INPUTS VigN ie Yoo: Veg V de 
POWER DISSIPATION 

(Package Limitation) 1000 mW 

Derate above T, = +25°C Pp 6.7 mW/°C 

OPERATING TEMPERATURE RANGE 

AD1408 Series Te 0 to +75 °C 

AD1508 Series T. -55 to +125 °C 
STOR AGE TEMPERATURE RANGE Tstc -65 to +150 °C 


ELECTRICAL CHARACTERISTICS 


V 
(Voc = +5.0V de, Veg = -15V de, SEE = 2.0mA, AD1508 Series: Tg = -55°C to +125°C 
AD1408 Series: T, = 0 to +75°C unfsdst otherwise noted. All digital inputs at high logic level.) 


CHARACTERISTIC | SYMBOL MIN TYP MAX UNIT 


(Error Relative to Full Scale Ig) 


AD1508-9, AD1408-9 E. : z = +0.10 % 
AD1508-8, AD1408-8 E. = a +0.19 % 
AD 1408-7 E. = = +0.39 % 
SETTLING TIME 
to Within 1/2LSB [Includes tp 47] 
(Ta = +25 °C) ts zs 250 - ns 
PROPAGATION DELAY TIME 
Ta = +25°C teLH PHL - 30 100 ns 
OUTPUT FULL SCALE CURRENT DRIFT TClo es -20 = ppm/°C 
DIGITAL INPUT LOGIC LEVELS (MSB) 
High Level, Logic “‘1”’ Vin 2.0 —- - V de 
Low Level, Logic ‘‘0”’ Vv aa = 0.8 V de 
DIGITAL INPUT CURRENT (MSB) 
High Level, Vay = 5.0V TH = 0 0.04 mA 
Low Level, V,, = 0.8V hie = -0.4 -0.8 mA 
REFERENCE INPUT BIAS CURRENT 
OUTPUT CURRENT RANGE 
Ver = -5.0V lor 0 2.0 2.1 mA 
Ver = ~6.0V to -15V lor 0 2.0 4.2 mA 
OUTPUT CURRENT 
Veer = 2.000V, R14 = 100022 lo 1.9 1.99 2:1 mA 
OUTPUT CURRENT 


(All Bits Low) Ip (min) ee 0 4.0 vA 


OUTPUT VOLTAGE COMPLIANCE 
(E, < 0.19% at Ty, = +25°C) 


VEE =-5V Vo = — -0.6, +0.5 Vdc 
Ver below -10V Vo = = -5.0, +0.5 V de 
REFERENCE CURRENT SLEW RATE SRIREF _ 4.0 - mA/us 
OUTPUT CURRENT POWER SUPPLY 
SENSITIVITY . PSSIo - 0.5 2.7 UA/V 
POWER SUPPLY CURRENT 
(All Bits Low) . lec - +9 +14 mA 
POWER SUPPLY VOLTAGE RANGE 
(Ty = +25°C) Vcr 44.5 +5.0  +5.5 V de 
EER -4.5 -15 -16.5 Vv dc 
POWER DISSIPATION 
All Bits Low 
Veg = -5-0V de Pp _ 82 135 mW 
Ver = -15V de Py = 157 265 mW 
All Bits High 
Veg = -5-0V dc Pp = 70 — mW 
Ver = -15V de Pp - 132 — mW 


Specifications subject to change without notice. 
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APPLYING THE AD1408/1508 


Reference Amplifier Drive and Compensation (NC) 1 16 COMPEN 
Figures 2a and 2b are the connection diagrams for using the GND 2 15 Vrer (-) 
AD1408/AD1508 in basic voltage output modes. In Figure 2a, a Ver 3 14 Vaer (4) 
positive reference voltage, Vppr, is converted to a current by pe a3) 
resistor R14. This reference current determines the scale : i 
factor for the output current such that the full scale output i a ee 
is 1LSB (1/256) less than the reference current. R15 provides A2 6 ae 
bias current compensation to the reference control amplifier A3 7 10 AG 

to minimize temperature drift; it is nominally equal to R14 ona 8 9 AS 
although it needn’t be a stable precision resistor. This con- 

figuration develops a negative output voltage across R, and TOP VIEW 


requires a positive Vppr- 


If a negative Vppr is to be used, connections to the reference Figure 1. Pin Connections 


control amplifier must be reversed as shown in Figure 2b. This 
circuit also delivers a negative output voltage, but presents 

a high impedance to the reference source. The negative Verp Vec 
must be at least 4 volts above the Vp, supply. 


Two quadrant multiplication may be performed by applying 
a bipolar ac signal as the reference as long as pin 14 is positive A1 (MSB)q 
relative to pin 15 (reference current must flow into pin 14). If 
the ac reference is applied to pin 14 through R14, a negative 

voltage equal to the negative peak of the ac reference must be 
applied through R15 to pin 15; if the ac reference is applied to RAE 
pin 15 through R15, a positive voltage equal to the positive AS 
peak of the ac reference must be applied through R14 to pin 14. AGC 


O(+) Veer STL 


8 4p1408/ 
AD1508 


10 


When a dc reference is used, capacitive bypass from reference A70— 11 ay Oe 
to ground will improve noise rejection. A8 (LSB)O—4 12 lo 

The compensation capacitor, C, provides proper phase margin COMPO—4 16 

for the reference control amplifier. As R14 is increased, the © c ea 
closed-loop gain of the amplifier is decreased, therefore C must SEE TEXT 

be increased. For R14 = 1.0kQ, 2.5kQ and 5.0kQ, minimum 

values of capacitance are 15pF, 37pF and 75pF respectively. Vee 


C may be tied to either Vp or ground, but tying it to Ver 
increases negative supply noise rejection. If the reference is 
driven by a high-impedance current source, heavy compensa- 
tion of the amplifier is required; this causes a reduction in 

~ overall bandwidth. 


Output Current Range 
The nominal value for output current range is 0 to 1.992mA 


as determined by a 2mA reference current. If Ver is more . 

negative than -7.0 volts, this range may be increased to a maxi- A1 (MSB)C 

mum of 0 to 4.2mA. An increase in speed may be realized at A2C eee i 
increased output current levels, but power consumption will A3C a 


increase, possibly causing small shifts in linearity. 


AD1408/ 
AD 1508 


Pin 1, range control, may be grounded or unconnected. Al- ASC 
though other older devices of this type require different 

terminations for various applications, the AD1408/AD1508 
compensates automatically. This pin is not connected inter- 


nally, therefore any previously installed connections will eee 


be tolerated. comPq 

| ee R14= R15 
Output Voltage Range (SEE TEXT) 
The voltage on pin 4 is restricted to a +0.5 to -0.6 volt range 


when Veg = -5V. When Vgg is more negative than -10 volts, VEE 
this range is extended to +0.5 to -5.0 volts. If the current into 
pin 14 is 2mA (full-scale output current = 1.992mA), a 2.5kQ 
resistor between the output, pin 4, and ground will provide'a 
0 to -4.980 volt full-scale. If R; exceeds 50082 however, the 
settling time of the device is increased. Figure 2. Basic Connections 


b. Connections for Use with Negative Reference 
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Voltage Output | +5V 


A low impedance voltage output may be derived from the out- ee Fe REF OOKe 
put current of the AD1408/AD1508 by using an output ampli- = eo. - aa 
BP = . 


fier as shown in Figure 3. The output current Ig flows in Ro Veer (-) oR, 


to create a positive-going voltage range at the output of amplifier seh MENS ; a. Do 

.  a2e Veer (+) = rer +2.5V 
Al. Ro may be chosen for the desired range of output voltage; : a ADS80 }—® +5V 
the complete circuit transfer function is given in Figure 3. "ahs 5 | 


A4c 
If a bipolar output voltage range is desired, Rgp» shown dotted, 


AD1408/ = 
rer AD1508 (SEE TEXT) 
must be installed. Its purpose is to provide an offset equal to das is 
one-half of full-scale at the output of Al. The procedure for ; ne 


° Vout 
calibrating the circuit of Figure 3 is as follows: e pi 
A8& (LSB)O 2 
Calibration for Unipolar Outputs (No Rpp) | comeo— +15V 
1. With all bits “OFF’’, adjust the Al null-pot, R1, for Z eae 
Vout = 0.00V. (SEE TEXT) Lo 
2. With all bits “ON”, adjust Rep for Voyz = (Nominal O.uF im Sy 
Full Scale) — 1LSB = +9.961 volts ae -15V 0 +15V <n ‘s 
Calibration for Bipolar Outputs (Rpp installed, R1 not 
i = VREF AL, AZ, AI, AG, AB, AB, AT, AB 
oe | VOUT * Reer Ro! | 2° 4° 8 16 32 64 128 256 | 
1. With all bits “OFF”’, adjust Rgp for Voyrz = -F.S. = ADJUST Vper. Rag OR Ro SO THAT WITH ALL DIGITAL INPUTS 
~5.000 volts AT LOGIC "1", Voyy = 9.961 VOLTS: 
2. With Bit 1 (MSB) “ON”, and all other Bits “OFF”, Vour= on (5kQ) + ++ ++ aetartortwe ae |-9281 VOLTS 
adjust Reef for Vout = 0.000V. , 
3. With all bits “ON”, verify that Egy = +5.000V— Figure 3. Typical Connection Diagram, AD 1408/AD 1508, 
1LSB = 4.961V. . Voltage Output, Fixed Reference 


AD1408/AD1 508 ORDERING GUIDE 


TEMP. 
MODEL . ACCURACY RANGE PACKAGE 
(+% F.S.) (°C) STYLE! 

AD1408-7D 0.39 Oto+75 Q16A 
AD1408-8D 0.19 Oto +75 Q16A 
AD1408-9D 0.10 Oto +75 . Q16A 
AD1508-8D 0.19  -55 to +125 Q16A 
AD1508-9D 0.10 -55to+125 . Q16A 
AD1508-8D/ 

883B 0.19 -55 to +125 Q16A 
AD1508-9D/ : 

883B 0.10 -55to+125 Q16A 


1SEE SECTION 20 FOR PACKAGE OUTLINE INFORMATION 
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ANALOG » Complete, Voltage 
§ DEVICES Output 12-Bit DAC 


AD3860_ 


FEATURES 

Resolution: 12 Bits 

Nonlinearity: +1/2LSB T,,in to Tmax 
Microprocessor Compatible . 

Small Size: 24 pin DIP 

Fast Settling: 5ys 

Internal Reference 

Internal Output Amplifier 


PRODUCT DESCRIPTION 
The AD3860 is a precision 12-bit D/A converter designed for 
direct interface to 4- or 8-bit microprocessors. 


The functional diagram shows that the AD3860 consists of a 12- 
bit input storage register, a 12-bit DAC, internal reference, and 
a fast output amplifier. It is TTL compatible and the input 

register’s enable input facilitates deglitching and microprocessor 


interfacing. The 6.3 volt voltage reference can be used internally — 


or externally. All units are laser trimmed to operate from this 
reference. The output amplifier gives the user a voltage output 
and combines with the other features of this circuit to produce a 
functionally complete digital to analog converter. 


The AD3860 is laser trimmed to achieve + “%4LSB linearity typ- 


AD3860 FUNCTIONAL BLOCK DIAGRAM 


ISTER 
ENABLE REF OUTPUT 


(MSB) BIT 1 REF INPUT 


BIT 2 BIPOLAR OFFSET 


BIT 3 GAIN ADJUST 


BIT 4 
10V RANGE 
BITS 
BIT 6 


BIT? 


BIT 8 
BIT9 


INPUT STORAGE REGISTER 
12-BIT LADDER NETWORK 
AND CURRENT SWITCHES 


BIT 10 (22) + 15V SUPPLY 


BIT 11 a 
(LSB) BIT 12 5] 


-15V SUPPLY 
(13) +5V SUPPLY 


PRODUCT HIGHLIGHTS 


l. 


The AD3860 is a functionally complete voltage output DAC 


with voltage reference, digital latches, and output amplifier 


in a single hybrid package. 


. The input buffer latches permit interface to microprocessor 


data busses. All logic inputs are TTL or 5 volt CMOS com- 
patible. 


.. Laser trimming the thin-film resistors assures superior linearity 


and accuracy stability over temperature. Both commerical 
temperature range and military temperature range models 
have + '4LSB linearity maximum guaranteed over the full 
operating temperature range. 


; ; 4. Monotonicity is also guaranteed over the full operating tem- 
ical and + 2LSB DR eek the full ODEra Nhe sem De ature perature range. The typical full scale temperature coefficient 
range. The AD3860 is well suited for wide temperature range is 10ppm/°C. 
performance as monotonicity is guaranteed over the full temper- sng 
ature range. Typical full scale gain T.C. is 10ppm/°C. 5. The internal 6.3 volt reference is accurate to within +2%. 

; ; ; All units are actively laser trimmed to operate from this 
The AD3860 is available in three versions. The AD3860K is ee 
specified for use over 0 to + 70°C temperature range. The AD3860S ; ; 
is specified for the — 55°C to + 125°C temperature range and is 6. The fast output amplifier provides a voltage output with a 


especially recommended for high reliability needs in harsh envi- 


ronments. The S version is available proccessed to MIL-STD-883, _ 


Level B. All units are in small 24 pin, hermetically-sealed ceramic 
DIPs. 


Sus settling time. The AD3860 is designed for military, 
industrial, and OEM applications where high speed D/A 
conversion is required. 
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'Least Significant Bit (LSB). 


?Absolute Accuracy Error includes gain, offset, linearity, noise and all other errors and is specified 


without adjustments. 
3FSR is Full Scale Range and is 20V for +10 range. 


*The AD3860’s analog output will follow its digital input when register enable is a logic “0”. Digital 


Input data will be latched and analog output voltage constant when register enable is a logic 


>See Section 20 for package outline information. 


*Same as AD3860K. 
Specifications subject to change without notice. 


ss? 
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SP E C IF : C ATI 0 NS (T, = + 25°C, rated power supplies unless otherwise noted) 
Model oe AD3860K AD3860S 
DIGITALINPUTS | 
Resolution 12 Bits 5 
Logic Coding: Unipolar Ranges Complementary Straight Binary x 
' Bipolar Ranges Complementary Offset Binary . 
Logic Levels (TTL Compatible): Logic “1” +2.0Vdemin, +5.5V dc max * 
Logic 0” OV dec min, 0.7V de max * 
Input Currents 
Data Inputs: Logic “1” 302A max z 
Logic ‘‘0”’ — 0.6mA max i 
Register Enable: Logic “1” 601A max x 
Logic “‘0”’ — 1.2mA max x 
ANALOG OUTPUTS 
Output Impedance 0.5Qtyp 
Output Current +10mA typ, +5mA min 
ACCURACY 
Linearity Error + Y4LSB! typ, + 2LSB max + “LSB max 
Differential Linearity Error + “ALSBtyp, + 1LSB max + 1LSB max 
Monotonicity | Guaranteed Over Temperature x 
Full Scale Absolute Accuracy Error? + 0.05% FSR? typ, +0.01% FSRmax * 
Over Temperature +0.15% FSR typ, + 0.3% FSR max - 
Zero Error + 0.025% FSRtyp, +0.05% FSR max * 
Over Temperature + 0.05% FSR typ, + 0.1% FSR max * 
Gain Error + 0.1% typ * 
DRIFT 
Gain + 10ppm/°C typ i 
Offset + Sppm/*C typ * 
DYNAMIC CHARACTERISTICS 
Settling Time to + 0.01% for: 20V Step Ss typ, 7s max : 
10V Step 3s typ, 5s max 
Output Slew Rate 20V/us typ 
Register Enable* 
Pulse Width 60ns typ 
Setup Time Digital Data to Enable 40ns typ 
INTERNAL REFERENCE VOLTAGE 
Voltage +6.3V typ * 
Accuracy + 2% typ x 
External Current 2.5mA max - 
POWER SUPPLIES 
Power Supply Range: + 15V Supply - +14.55V min, + 15.45V max * 
~ 15V Supply — 14.55V max, — 15.45V min * 
+ 5V Supply + 4.75V min, + 5.25V max * 
Power Supply Rejection: + 15V Supply + 0.002% FSR/% Vs typ, * 
+ 0.04% FSR/% Vs max 
—15V Supply + 0.002% FSR/% Vs typ, x 
+ 0.004% FSR/% Vs max 
Current Drain: + 15V Supply 10mA typ, 20mA max * 
— 15V Supply — 12mAtyp, — 30mA max * 
+5V Supply 30mA typ, 50mA max * 
Power Consumption 675mW typ, 1W max * 
TEMPERATURE RANGE 
Operating Oto + 70°C — 55°C to + 125°C 
Storage — 65°C to + 150°C - 
PACKAGE OPTION? 
24-Pin DIP HY24C * 
NOTES: 


ABSOLUTE MAXIMUM RATINGS 


+15 Volt Supply (pin 22)..............0.. +18V 
—15.Volt Supply (pin 14)...........0..... —18V 
+5 Volt Supply (pin 13) ........... —0.5V to +7V 
Register Enable (pin 19) .......... —0.5V to +5.5V 
Digital Inputs (pins 1-12). ......... —0.5V to +5.5V 


APPLICATIONS INFORMATION 

Layout Considerations 

Proper layout and decoupling is necessary to obtain the 
AD3860’s specified accuracy. Ground (pin 21) must be tied 
to circuit analog ground as close to the package as possible. 
Grounding through a large ground plane beneath the package 
is preferred. 


Power supplies should be decoupled with electrolytic or 
tantalum capacitors near the unit. A 1yF capacitor in parallel 
with a 0.01uF ceramic capacitor on all supplies is recom- 
mended. 


Coupling between analog and digital signals should be 
minimized to avoid noise pick up. Use short jumpers to tie 
the reference output (pin 24) to the reference input (pin 16) 
and to tie the bipolar offset (pin 17) to the summing junction 
(pin 20). 


If the external full scale and zero adjustments are used, the © 
series 6.8MQ resistors should be placed as close to the unit 
as possible. 


Reference Output 

The AD3860 is laser trimmed to operate from the internal 
6.3 volt voltage reference. The user has the option of supplying 
an external reference but for specified operation the reference 
output (pin 24) must be connected to the reference input 
(pin 16). The internal reference can be used to drive an 
external load, but it should be buffered if load current will 
exceed 100pA. 


Optional Full Scale and Zero (— Full Scale) Adjustments _ 
The AD3860 will operate as specified without adjustment, how- 
ever, absolute accuracy error can be reduced to + 1LSB by 
trimming as described below. Adjustments should be made after 
warmup. Make the full scale adjustment before the zero (— full 
scale) adjustment. We recommend multiturn potentiometers 
with maximum temperature coefficients of 100ppm/°C. Series 
resistors can be + 20% carbon composition or better. If these 
adjustments are not used pins 20 and 23 should be connected as 
described in the layout considerations section. 

Zero (— Full Scale) Adjustment 

Connect the potentiometer as shown and apply all “ls” to the 
digital inputs. Adjust the potentiometer until the analog output 
is equal to zero volts for unipolar output ranges and minus full oe 
scale for bipolar output ranges. : 


PIN 20 ciate (Seger gece 
0.01 .F 


a OPTIONAL ‘ 


RANGE OF ADJUSTMENT = +0.35% FSR 


Full Scale Adjustment 
Connect the potentiometer as shown and apply all “0s” to the 


digital inputs. Adjust the potentiometer for the maximum chosen 10. 
analog output. 


+15V 

6.8MQ 5. 

PIN, 20 QD 00K 
~15V 


RANGE OF ADJUSTMENT = +0.2% FSR 
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OUTPUT VOLTAGE RANGE SELECTION 


Output Range Oto +10V 


Pin Connection 


Connect Pin 24 to 16 

Connect Pin 17 to 20 

Connect Pin 15 to NC 

Connect Pin 19 to Register Enable | Register Enable | Register Enable 
Connect Pin 20 to NC ‘1 17 17 


INPUT LOGIC CODING 


Digital Input 
MSB LSB 


Analog Output 


Oto +5V Oto +10V 


0000 0000 0000 + 4.9988V + 9.9976V + 2.4988V +4.9976V +9.9951V 
0000 0000 0001 + 4.9976V +9.9951V +2.4976V +4,9951V +9.9902V 
OlIL 1111111 + 2.5000V + 5.0000V 0.0000V 0.0000V 0.0000V 
1000 0000 0000 + 2.4988V + 4.9976V —0.0012V —0.0024V — 0.0049V 
111111111110 + 0.0012V + 0.0024V — 2.4988V — 4.9976V —9.9951V 
V1 1111111 0.0000V — 2.5000V —5.0000V 


0.0000V — 10.0000V 


CODING NOTES: 

1. For unipolar operation, the coding complementary 3. For FSR = 20V,1LSB = 4.88mV. 
straight binary (CSB). 4. For FSR = 10V,1LSB = 2.44mV. 

2. For bipolar operation, the coding complementary offset bi- 5. For FSR = 5V,1LSB =1.22mV. 
nary (COB). 


REGISTER ENABLE 

When the register enable (pin 19) is high (hold mode) the digital 
data in the input register will be latched. When the register 
enable is low (track mode) the converter’s output will follow its 
input. To latch new digital data into the register, the register 
enable must go low for a minimum of 60ns and the digital input 
data must be valid for a minimum of 40ns before the register 
enable goes high again. See the timing diagram below. 


tuepw —— a> ag tvepw 
REGISTER 
ENABLE 
ty 
tsoe—a> 
DIGITAL 
DATA 
tos tos 
OUTPUT 
VOLTAGE oad 


TIMING NOTES: 

tmepw MIMINUM ENABLE PULSE WIDTHIS 60ns. 

tspe MINIMUM SETUP TIME DIGITAL INPUT DATA TO 
ENABLE IS 40ns. 

ty HOLD TIME IS DEFINED AS THE REQUIRED DELAY 
BETWEEN THE LEADING EDGE OF REGISTER ENABLE 
AND THE END OF VALID INPUT DATA. THE HOLD TIME 
IS ZERO FOR THE AD3860. 

tos OUTPUT SETTLING TIME FOR A 20 VOLT CHANGE TO 
+ 1/2LSB IS 7ps MAX. 


Input Register Timing Diagram 
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ANALOG 
iDEVICES 


GMOS Loepac™ 
Digitally Controlled Audio Attenuator 
AD7110* 


FEATURES 

Attenuation Range: 0 to 88.5dB Plus Full Muting 

Resolution: 1.5dB 

Low Distortion: THD Better Than -98dB 
IMD Better Than -92dB 

Includes Switches for Loudness Compensation 

Low Power Consumption 

Excellent S/N Ratio: 100dB (20Hz — 20kHz) 

Low Cost | 

Complies with DIN 45403 and DIN 45405 

Latch-Proof Operation 


APPLICATIONS 
Digitally Controlled Audio Gain 
Wide Dynamic Range D/A Converters 


GENERAL DESCRIPTION 

The AD7110 is a monolithic CMOS digitally controlled audio 
attenuator (patent pending). With the addition of an external 
operational amplifier it provides 0 to 88:5dB of attenuation in 
1.5dB steps, plus full muting of the audio input signal for 
digital input code 1111XX, where X can be 1 or 0. The audic 
input is applied to the Vin pin and the device delivers a log- 
arithmically related output current which is determined by a 
6-bit binary input code. Loudness compensation switches are 
provided on the device to enable additional bass boost at low 
volume settings. | 

The device is manufactured using an advanced thin-film on 
CMOS monolithic wafer fabrication process and is packaged 
in a 16-pin DIP. 


ORDERING INFORMATION 


Operating 
Temperature Range 


0 to +50°C 


Package 


AD7110KN 16-Pin Plastic DIP 


Package Style: (N16A) 


*Patent Pending 
LOGDAC is a trademark of Analog Devices, Inc. 


DIGITAL INPUTS 


AD7110 FUNCTIONAL BLOCK DIAGRAM 


LOUDNESS 
SWITCHES 


407110 AUDIO ATTENUATOR 


PIN CONFIGURATION 


16-PIN DIP 
TOP VIEW 
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AUDIO SPECIFICATIONS 


(Vpp = +12V, Veg = 0 to -12V, Pins 11-13 Open, TA = 0 to +50°C unless otherwise noted) 


a AD7110 : AD7110 
. WITH WITH TLO71 

PARAMETER - “IDEAL OP AMP” OP-AMP (FIG. 1) UNITS TEST CONDITIONS/COMMENTS 
ATTENUATION RANGE 0 to -88.5 0 to -88.5 dB VIN = 10V rms @ 1kHz 
RESOLUTION 1.5 max 1.5 max dB Frequency Range: 20Hz to 20kHz 
ATTENUATION ACCURACY (Absolute) The AD7110 is guaranteed 

OdB to -48dB +0.7 max +0.7 max dB monotonic for all attenuation 

-48dB to -88.5dB Monotonic Monotonic settings between 0 and -88.5dB 
TOTAL HARMONIC DISTORTION (THD) -98 max -85 typ dB per DIN 45403, BLATT 2 (with input 

level of 1V rms) 
INTERMODULATION DISTORTION (IMD) = -92 max -79 typ dB per DIN 45403, BLATT 4 
VIN 30 max 10 max V peak for <1% (max) THD (Note 1) 
FEEDTHROUGH ERROR Better than ~-85dB @ 1kHz. Feedthrough is primarily dependent upon printed circuit board layout. 
OUTPUT NOISE VOLTAGE DENSITY 30 max 70 typ nV/V/Hz 20Hz to 20kHz (Note 2) 
BANDWIDTH D.C. to 150 min D.C. to 250 t ’ kHz OdB Attenuation 
(VDD =+12V, VBB = 0 to -12V, Pins 11-13 Open, Ta = 0 to +50°C unless otherwise noted) 
PARAMETER LIMIT TEST CONDITIONS/COMMENTS 
ANALOG INPUT Input resistance for a given unit is constant 
for all input conditions. 
Input Resistance of Vij (pin 15) 18k22 max 
9kQ min VouT = OV 


LOUDNESS SWITCHES 
Switch ON Resistance 


Ron 6002 max Switch Current = 1mA 
Switch OFF Leakage Current 1yA max Vswitch = +12V 
Switch Coding See Table 1 

DIGITAL INPUTS 
VINH 11.5V min 
VINL 0.5V max 
lin 1A max 
TiNL 1A max 


Cin SpF typ | 
enn nnn nnn nnn rnnrceeeeeeeeeeee eee SSS SSS SSS SSS ss SS SSS 


*POWER REQUIREMENTS 


Vpp '  +12V 

Vpp Range +5V to +12V Functionality with degraded performance. 
VeB -12V 

Ipp 1mA max Digital Inputs = Vin, or VinH 

Ipp 100uA max 


Total Power Dissipation 5mW typ 


NOTES: 
* Output amplifier (and amplifier supplies) must be capable of 30V peak output. 
? Output noise voltage density includes op amp noise. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS ANALOG CIRCUIT PERFORMANCE: 
(Ta = +25°C unless otherwise noted) Table I gives the nominal attenuation in dB for the AD7110 
for all digital input codes, It also shows the Loudness Switch 


*VpD tO-GND): cate dese wk hath eae 1 +14V 1 
*Van (to. GND)..4k os bbaes Sd Reb ews Rlbcek bbe _14V states and the nominal output voltage when using an externa 
Voltage (pins 11, 12, 13) to GND Ver. +14V operational amplifier (as shown in Figure 1) and a fixed -10 
Vin (to GND) it a at beak es: BB» +35V volt reference applied to VIN (pin 15). It may be seen that the 
Digital Input Voleage im CND aed a 3V to Vpp transfer function for the circuit of Figure 1 is given by 
Output Voltage (Pin 1)toGND......... -100mV to VDD | | 

Power Dissipation (Package) ....... 0.200 eves 670mW Vout = -ViN 10 exp ESN 

Operating Temperature. ...........0 0000s 0 to +70 C 

Storage Temperature .......... 0000 ee -65°C to +150°C 7 | 

Lead Temperature (Soldering, 10 seconds)........ +300°C where N is the binary input for values 0 to 59. For N = 60 


*If Loudness Compensation Switches (S1, $2, $3) are not used, the through 63 the Inputs fully muted, that is, the attenuation 


negative power supply may be omitted and Vgp (Pin 10) connected is infinite. 
instead to DGND (Pin 9). In this case the absolute maximum ratin 
atVob is +17V. : HIGH FREQUENCY AMPLIFIERS 

Rgg and the output capacitance of the AD7110 create a phase 
lag in the output amplifier’s feedback circuit. This phase lag, in 
conjunction with the amplifier’s phase lag, may cause ringing 
or oscillation. When using a high speed amplifier, shunting the 
WARNING! amplifier input to output with 30—S5OpF of feedback capac- 

<5) itance (C1) ensures stability. 

AS DC PERFORMANCE OF AD7110 
CAUTION: seb aes For fixed-reference applications, an output amplifier with low 
ESD (Electro-Static-Discharge) sensitive device. The digital offset voltage (less than 501V) is required, e.g. the AD517L. 


control inputs are diode protected; however, permanent This combination will provide the utmost stability at the 
damage may occur on unconnected devices subject to high expense of slow settling times. 

energy electrostatic fields. Unused devices must be stored 

in conductive foam or shunts. The foam should be discharged 
to the destination socket before devices are removed. 


VIN Vpp (+12V) 
) 


D5 (MSB) 


TERMINOLOGY 


RESOLUTION: Nominal change in attenuation when moving 
between two adjacent binary codes. The AD7110 resolution 
is 1.5dB. 


DO (LSB) 


MONOTONICITY: The AD7110 digitally controlled audio st 
attenuator is monotonic if the analog output decreases (or ; go 
remains constant) as the digital input code (attenuation 

setting) increases. $3 


FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when the digital input code is set to 


mute the input signal. Vee (-12V) 


Figure 7, 
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Table | 


Digital Input Attenuation 


0101 11 
01 10 00 
011001 


NPN] NY pm | pee 
Wi Bi ulbo \OTOO;NI 


01 10 10 39.0 


011011 40.5 


01 11 00 42.0 0.0794 


01 1101 43.5 0.0668 


01 1110 45.0 0.0562 


011111 0.0473 


10 00 00 0.0398 


10 00 01 


10 00 10 51.0 0.0282 


10 00 11 52.5 


10 01 00 54.0 0.0200 


a! DS _—idDO dB Rohs Vout’ 
| _o| ooo000 | oo | | 10.00 
000001 {| 15 | |. 
000010, | 30 |{ | 
| 3 | 000011 | 45 | | 5.957 
000100 | 60 #| | 5.012 
| 5 | 000101 | 75 =| | 4.217 
| 6] ooo110 | 90 | 3.548 
000111 | 105 [| | 2.985 
| 8 | 001000 | i120 &|| | 2.512 
| 9 {| 001001 | 135 || 2.113 
001010 | 150 | | 1.778 
001011 {| 165 | | 
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Vop = +12V 

Ves = -12V 

Vinn = Voo 

Vint = OV 

INPUT CODE = 000000 


SUPPLY CURRENT — vA 


TEMPERATURE — °C 


Figure 2. Power Supply Current vs. Temperature 


Ta = +25°C 
Vee = -12V 


Vin -V 


SHADED AREA DENOTES 
THRESHOLD HYSTERESIS 


POWER SUPPLY — Vop 


Figure 3. Digital Threshold Voltage vs. Power Supply Voltage 


TEMPERATURE — °C 


Figure 4. Loudness Switch On Resistance vs. Temperature 


LEAKAGE CURRENT — nA 


Vop =+12V 
Veg = -12V 
LOUDNESS SWITCHES OFF 


TEMPERATURE — °C 


Figure 5. Loudness Switch Leakage Current! vs, Temperature 


-50 Vin 
AD7110 PLUS TL071 (LOUDNESS SWITCHES 
OPEN) (SEE FIGURE 1) 


/TLO71 ALONE 
(SEE INSERT) 


0.1 | 


TOTAL HARMONIC DISTORTION — dB 
TOTAL HARMONIC DISTORTION — % 
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00k 
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Figure 6. Total Harmonic Distortion vs. Frequency 


00 


FREQUENCY — Hz 


Figure 6 shows that the total harmonic distortion of the 
attenuator circuit of Figure 1 is almost totally dependent on 
the characteristics of the operational amplifier used. 
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Figure 7. Typical de Attenuation Error vs, Attenuation 


Applications Information 
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Figure 9. Single Channel Audio Attenuator with Loudness 


Compensation 
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Figure 8. Typical dc Attenuation Error vs, Attenuation & 
Temperature 
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Figure 10. 


Figure 10 shows the Attenuation vs, Frequency for the circuit 
of Figure 9. The attenuation is plotted against frequency for 
the two digital input codes at which the loudness compen- 
sation switches S1 and S2 are activated. 
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i DEVICES 


FEATURES 

Dynamic Range: 88.5dB 

Resolution: 0.375dB 

On-Chip Data Latches 

Full +25V input Range Multiplying DAC 

Low Distortion 

Single +5V Supply 

Latch-Up Free (No Protection Schottky Required 


APPLICATIONS 
Digitally Controlled AGC Systems 

Audio Attenuators 

Wide Dynamic Range A/D Converters 

Sonar Systems 

Function Generators 


GENERAL DESCRIPTION 

The AD7111 is a CMOS multiplying D/A converter which can 
attenuate an analog input signal over the range 0 to -88.5dB 
in 0,375dB steps. 


The degree of attenuation is determined by an 8-bit data word 
which is latched into on-chip data latches using microproces- 
sor compatible control signals CS and WR. Operating frequen- 
cy range of the device is from dc to several hundred kHz. 

The device is packaged in a 16-pin dual-in-line plastic, cerdip 
or ceramic package. 


ORDERING INFORMATION 


Temperature Range and Package 


Specified 

Accuracy Plastic Cerdip!)? Ceramic’ 
Range |0to+70°C |-25°C to +85°C | -55°C to +125°C 

0 to 60dB |AD7111KN | AD7111BQ AD7111TD 

0 to 72dB |AD7111LN | AD7111CQ AD7111UD 


NOTE 

1 These parts are available screened to MIL-STD-883, method 
5004 paragraph 3.1.1 through 3.1.12 for a class B device. To 
order add /883B to part number. 

? Analog Devices reserves the right to ship Ceramic packages 
in lieu of Cerdip packages. 


*Patent Pending 
LOGDAC is a trademark of Analog Devices, Inc. 


LoGDAC™ — : 


CMOS Logarithmic D/A Converter 


AD/111" 


AD7111 FUNCTIONAL BLOCK DIAGRAM: 


17-BIT CMOS 
VIN (15) D/A CONVERTER 


Lt 


DECODE LOGIC (14) Vop 
ii DATA INPUT 
| LATCHES 

> 


i bbdd6h44 
07 D6 D5 D4 D3 D2 D1 DO 
(MSB) DATA INPUTS (LSB) 


PIN CONFIGURATION 


PACKAGE IDENTIFICATION? 
Suffix D: Ceramic DIP (D16B) 
Suffix N: Plastic DIP (N16B) 
Suffix Q: Cerdip (Q16B) 


' See Section 20 for package outline information. 
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( = . — aa iC, 
SPECIFICATIONS ae : te : ic see amplifier AD544 except where stated) . 


AD7111L/C/U GRADES _ AD7111K/B/T GRADES 
Parameter Ta = 425°C Ta =Tmine Tmax Ta 2 +25°C. Ta =Tmins Tmax Units Conditions/Comments 
NOMINAL RESOLUTION 0.375 0.375. 0.375 0.375 dB 
ACCURACY RELATIVE TO 0dB ATTENUATION 
0.375dB Steps: 
Accuracy < +0,17dB 0 to 36 0 to 36 0 to 30 0 to 30 dB min Guaranteed attenuation ranges 
Monotonic 0 to 54 0 to 54 0 to 48 0 to 48 dB min for specified step sizes 
0.75dB Steps: 
Accuracy © +0.35dB 0 to 48 0 to 42 0 to 42 0 to 36 dB min 
Monotonic 0 to 72 0 to 66 Oto 72 0 to 60 “dB min 
1.5dB Steps: 
Accuracy < +0.7dB 0 to 54 0 to 48 0 to 48 0 to 42 dB min 
Monotonic Full Range 0 to 78 0 to 85.5 0 to 72 dB min Full Range is from 0 to 88.5dB 
3.0dB Steps: 
Accuracy & +1.4dB 0 to 66 0 to 54 0 to 60 0 to 48 dB min 
Monotonic Full Range Full Range Full Range Full Range 
6.0dB Steps: 
Accuracy & +2.7dB 0to 72 0 to 60 0 to 60 0 to 48 dB min 
Monotonic Full Range _ Full Range Full Range Full Range 
GAIN ERROR +0.1 40.15 £0.15 +0.20 dB max 
_ Vin INPUT RESISTANCE 
(PIN 15) 9/11/15 9/11/15 7/11/18 7/11/18 kQ min/typ/max 
en A a ne ne Nn ae re eS a OE ee 
Rrp INPUT RESISTANCE . 
(PIN 16) . 9.3/11.5/15.7  9.3/11.5/15.7 7.3/11.5/18.8 7.3/11.5/18.8 kQ min/typ/max 
a a en ee Ee Ce OS ey Pa 
DIGITAL INPUTS 
Vin (Input High Voltage) 2.4 2.4 2.4 2.4 V min 
Vit (Input Low Voltage) 0.8 0.8 0.8 0.8 V max 
Input Leakage Current +1 +10 +1 +10 MA max Digital Inputs = Vpp 
SWITCHING CHARACTERISTICS’ 
tcs 0 0 0 0 ns min Chip Select to Write Setup Time 
tcH ; 0 0 0 0 ns min Chip Select to Write Hold Time 
twR : 350 500 350 500 ns min Write Pulse Width 
tps 175 250 175 250° ns min Data Valid to Write Setup Time 
toy. 10 10 10 10 ns min Data Valid to Write Hold Time 
trFSH 3 4.5 3 4.5 us min Refresh Time 
POWER SUPPLY 
Vop +5 +5 +5 +5 Vv 
Ipp 1 4 1 4 mA max Digital Inputs = Viy or Vit 
500 1000 500 1000 pA max Digital Inputs = OV or Vpp. See Figure 7. 
NOTE 


"Sample tested at +25°C to ensure compliance. 
Specifications subject to change without notice. 


AC PERFORMANCE CHARACTERISTICS 


These characteristics are included for design guidance only and are not subject to test. 
Vpp = +5V, Vin = -10V de except where stated, Vpini = Vpin2 = OV, output amplifier AD544 except where stated. 


AD7111L/C/U GRADES AD7111K/B/T GRADES 
Parameter Ta = 25°C Ta =Tmins Tmax Ta = +25°C Ta Tmin» Tmax Units Conditions/Comments 
DC Supply Rejection, AGain/AVpp 0.001 0.005 ° 0.001 0.005 dBper% max | AVpp = +10%, Input Code = 00000000 
Propagation Delay 3.0 4.5 3.0 4.5 ps max Full Scale Change Measured from 
WR going high, CS = OV. 
Digital Charge Injection 100 = 100 - nV secs typ Measured with ADLH0032CG as Output 
Amplifier for Input Code Transition 
10000000 to 00000000. 
C1 of Figure 1 is OpF 
Output Capacitance, Pin 1 185 185 185 185 pF max 
Input Capacitance, Pin 15 and Pin 16 7 7 7 7 pF max 
Feedthrough at 1kHz 94 -72 92 -68 dB max Feedthrough is also determined by circuit 
Total Harmonic Distortion -91 -91 -91 -91 dB ty layout (see Figure 4). 
Output Noise Voltage Density 70 70 70 70 nV/\/Hz max Vin = 6V mms at 1kHz 
Digital Input Capacitance 7 7 7 7 pF max Includes AD544 Amplifier Noise 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
(Ta = +25°C unless otherwise noted) 


Vo. (0 DGND) & 26:446 heb Kee eee ES +7V 
Vin (to AGND). 0.0.0... cee eee eens +35V 
Digital Input Voltage to DGND........... -0.3V to Vpp 
Output Voltage (Pin 1) to AGND.......... -0.3V to Vpp 
Vere tOAGND \ 5 25.0564 eee ea aw oe eed +35V 
AGND to DGND...........0 0000 eee eee 0 to Vpp 
DGND'to AGND.. 2 av tice eee ee ewes wae... Oto VoD 


Power Dissipation (Package) 
Plastic (Suffix N) 


TO470 Cobb ha duhice ds ea eo ode tee 670mW 
Derates Above +70°C by............05. 8.3mW/°C 
CAUTION: 


ESD (Electro - Static - Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject to high 
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The 
foam should be discharged to the destination socket before devices are removed. 


Ceramic (Suffix D) or Cerdip (Suffix Q) 


TOGT5 Ci ch te oa aan re wdtines 450mW 
Derates Above +75°C by... 2... 0.02 eeeeee 6mW/°C 
Operating Temperature Range 
Commercial Plastic (KN, LN Versions) ...... 0 to +70°C 
Industrial Ceramic (BQ, CQ Versions). . . .-25°C to +85°C 
Military Ceramic (TD, UD Versions) . . . -55°C to +125°C 
Storage Temperature ..............4. -65°C to +150°C 
Lead Temperature (Soldering 10 secs)........... +300°C 


*Stresses above those listed under “‘Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition 
above those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


~ WARNING! 
wes 


ESD SENSITIVE DEVICE 


TERMINOLOGY 
RESOLUTION: Nominal change in attenuation when moving 
between two adjacent codes, 


MONOTONICITY: The device is monotonic if the analog out- 
put decreases (or remains constant) as the digital code increases. 


FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
the Ionut terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION: A measure of the har- 
monics introduced by the circuit when a pure sinusoid is ap- 
plied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 
ACCURACY: The difference (measured in dB) between the 
ideal transfer function as listed in Table 1 and the actual trans- 
fer function as measured with the device. 


OUTPUT CAPACITANCE: Capacitance from I9yrq to ground. 


DIGITAL CHARGE INJECTION: The amount of charge 
injected from the digital inputs to the analog output when 
the inputs change state. This is normally specified as the 

area of the glitch in either pA-Secs or nV-Secs depending 
upon whether the glitch is measured as a current or voltage 
signal. Digital charge injection is measured with Vjj = AGND. 


PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 


WRITE CYCLE TIMING DIAGRAM 


tes teu Vp: NOTES: 
© 1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASURED FROM 10% TO 90% OF Vop. Vop 
= +5V, t, = te = 20n5. 


CHIP 


SELECT 


2. TIMING MEASUREMENT REFERENCE LEVEL 
Vie + Vie 
ec rea 


IS 


VIM DATA IN 
yy STABLE 
i 


DATA IN 
(D0-07) 
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CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 

The AD7111 consists of a 17-bit R-2R CMOS mutiplying 
D/A converter with extensive digital logic. The logic trans- 
lates the 8-bit binary input into a 17-bit word which is used 
to drive the D/A converter. Input data on the D7-D0 bus is 
loaded into the input data latches using CS and WR control 
signals, The rising edge of WR latches the input data and in- 
itiates the internal data transfer to the decoder. A minimum 
time trrsn, the refresh time, is required for the data to pro- 
pagate through the decoder before a new data write is 
attempted. 


The transfer function for the circuit of Figure 1 is given by: 


0.375 N 
Va =- = Med EIN 
Oo VIN 10 exp 20 
Vol : . 
or ——| dB=-0.375N 
VIN 


Where 0.375 is the step size (resolution) in dB and N isthe . 
input code in decimal for values 0 to 239. For 240 <NX255 
the output is zero. Table 1 gives the output attenuation 


x 


that the attenuation step size at any point is consistent with 
the step size guaranteed for monotonic operation at that 
point. For further information on applications of the AD7111 
the user is referred to Analog Devices Application Note 
“Audio Applications of Nonlinear CMOS Multiplying D/A 
Converters.”’ 


EQUIVALENT CIRCUIT ANALYSIS 

Figure 2 shows a simplified circuit of the D/A converter 
section of the AD7111 and Figure 3 gives an approximate 
equivalent circuit. 


The current source LEAKAGE is composed of surface and 
junction leakages and as with most semiconductor devices, 
approximately doubles every 10°C—see Figure 11. The resistor 
Ro as shown in Figure 3 is the equivalent output resistance of 
the device which varies with input code from 0.8R to 2R. R is 
typically 11k82. Coyry is the capacitance due to the N channel 
switches and varies from about 60pF to 185pF depending upon 
the digital input. For further information on CMOS mult- 
plying D/A converters refer to “Application Guide to CMOS 
Multiplying D/A Converters” which is available from Analog 
Devices, Publication Number G479—15—8/78. 


relative to OdB for all possible input codes. 
Vin R R R 


The graphs on the last page give a pictorial representation of 
the specified accuracy and monotonic ranges for all grades of 
the AD7111. High attenuation levels are specified with less 


accuracy than low attenuation levels. The range of monotonic Ree 

behavior depends upon the attenuation step size used. For lout 

example, the AD7111L is guaranteed monotonic in 0.375dB | AGND 
l 


steps from 0 to -54dB inclusive and in 0.75dB steps from 0 
to -72dB inclusive. To achieve monotonic operation over the 
entire 88.5dB range it is necessary to select input codes so 


' ! 
SWITCH DRIVERS 


Figure 2, Simplified D/A circuit of AD7111 


Voo R2 


Ro 


+ 
g(Vin, N) fixe Cour | 


AGND 


g(Vin, N) IS THE THEVENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE Vin, THE BINARY ATTENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R-2R LADDER. 


OR 
AD517L 


*Cy1 = 47pF Typical 


Figure 3. Equivalent Analog Output Circuit of AD7111 
Figure 7. Typical Circuit Configuration 


D7-D4; 0000 0001 0010 0011 #0100 0101 0110 £40111 1000 1001 1010 1011 1100 =1102 1110 1111 


0000 |; 0.0 0.375 0.75 1.125 = 1.5 1.875 2.25 2.625 3.0 3.375 = 3.75 4.125 4.5 4.875 5.25 5.625 

0001 | 6.0 6.375 6.75 1,123  Fe3 7.875 8.25 8.625 9.0 9.375 9.75 10.125 10.5 10.875 11.25 11.625 
0010 | 12.0 12.375 12.75 13.125 13.5 13.875 14.25 14.625 15.0 15.375 15.75 16.125 16.5 16.875 17.25 17.625 
0011 18.0 18.375 18.75 19.125 19.5 19.875 20.25 20.625 21.0 21.375 21.75 = 22.125 22.5 22.875 23.25 23.625 


0100 | 24.0 24.375 24.75 25.125 25.5 25.875 26.25 26.625 27.0 27.375 27.75 28.125 28.5 28.875 29.75 29.625 
0101 | 30.0 30.375 30.75 31.125 31.5 31.875 32.25 32.625 33.0 33.375 33.75 34.125 34.5 34.875 35.25 35.625 
0110 | 36.0 36.375 36.75 37.125 37.5 37.875 38.25 38.625 39.0 39.375 39.75 40.125 40.5 40.875 41.25 41.625 
0111 | 42.0 42.375 42.75 43.125 43.5 43.875 44.25 44.625 45.0 45.375 45.75 46.125 46.5 46.875 47.25 47.625 


1000 | 48.0 48.375 48.75 49.125 49.5 49.875 50.25 50.625 51.0 51.375 51.75 52.125 52.5 52.875 53.25 53.625 
1001 | 54.0 54.375 54.75 55.125 55.5 55.875 56.25 56.625 57.0 57.375 57.75 58.125 58.5 58.875 59.25 59.625 
1010 | 60.0 60.375 60.75 61.125 61.5 61.875 62.25 62.625 63.0 63.375 63.75 64.125 64.5 64.875 65.25 65.625 
1011 | 66.0 66.375 66.75 67.125 67.5 67.875 68.25 68.625 69.0 69.375 69.75 70.125 70.5 70.875 71.25 71.625 


1100 | 72.0 72.375 72.75 73.125 73.5 73.875 74.25 74.625 75.0 75.375 75.75 76.125 76.5 76.875 77.25 77.625 
1101 | 78.0 78.375 78.75 79.125 79.5 79.875 80.25 80.625 81.0 81.375 81.75 82.125 82.5 82.875 83.25 83.625 
1110 | 84.0 84.375 84.75 85.125 85.5 85.875 86.25 86.625 87.0 87.375 87.75 88.125 88.5 88.875 89.25 89.625 
1111 {MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE 


Table 1. Ideal Attenuation in dB vs. Input Code 
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DYNAMIC PERFORMANCE 

The dynamic performance of the AD7111 will depend upon 
the gain and phase characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay- 
out which minimizes feedthrough from Vyy to the output in 
multiplying applications. Circuit layout is most important if 
the optimum performance of the AD7111 is to be achieved. 
Most application problems stem from either poor layout, 


grounding errors, or inappropriate choice of amplifier. 
V+ vV- 


OP. AMP 
} O Oc” PIN 1 
OuTPUT 


C1 LOCATION 


-- AD7111 
PIN] 


INPUT ———-—-—qa AGNO 
DGND 


DIGITAL 
INPUTS 


LAYOUT SHOWS COPPER SIDE (i.e., BOTTOM VIEW) 
GAIN TRIM RESISTORS R1 AND R2 OF FIGURE 1 
ARE NOT INCLUDED. 


Figure 4, Suggested Layout for AD7111 and Op-Amp 


It is recommended that when using the AD7111 with a high 
speed amplifier, a capacitor (C1) be connected in the feedback 
path as shown in Figure 1, This capacitor, which should be 
between 30pF and 50pF, compensates for the phase lag intro- 
duced by the output capacitance of the D/A converter. Figures 
5 and 6 show the performance’ of the AD7111 using the 
AD517, a fully compensated high gain superbeta amplifier, 
and the AD544, a fast FET input amplifier. The performance 
without C1 is shown in the middle trace and the response with 
C1 in circuit is shown in the bottom trace. 


DATA CHANGE FROM 80H TO 00H 


Figure 5. Response of AD7111 with AD517 


DATA CHANGE FROM 80H to 00H 


Figure 6. Response of AD7111 with AD544 


In conventional CMOS D/A converter design parasitic capaci- 
tance in the N-channel D/A converter switches can give rise to 
glitches on the D/A converter output. These glitches result 
from digital feedthrough. The AD7111 has been designed to 
minimize these glitches as much as possible. 


For operation beyond 250kHz, capacitor C1 may be reduced 
in value. This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 12. In 
circuits where C1 is not included the high frequency roll-off 
point is primarily determined by the characteristics of the 
output amplifier and not the AD7111. 


Feedthrough and absolute accuracy are sensitive to output 
leakage current effects, For this reason it is recommended that 
the operating temperature of the AD7111 be kept as close to 
25°C as is practically possible, particularly where the device’s 
performance at high attenuation levels is important. A typical 
plot of leakage current vs. temperature is shown in Figure 11. 


Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD7111 does not 
allow such films to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 


STATIC ACCURACY PERFORMANCE 

The D/A converter section of the AD7111 consists of a 17-bit 
R-2R type converter. To obtain optimum static performance 
at this level of resolution it is necessary to pay great attention 
to amplifier selection, circuit grounding, etc. 


Amplifier input bias current results in a de offset at the output 
of the amplifier due to the current flowing through the feed- 
back resistor Rpg. It is recommended that an amplifier with 
an input bias current of less than 10nA be used (e.g., AD517 
or AD544) to minimize this offset. 


Another error arises from the output amplifier’s input offset 
voltage. The amplifier is operated with a fixed feedback re- 
sistance, but the equivalent source impedance (the AD7111 
output impedance) varies as a function of attenuation level. 
This has the effect of varying the ‘‘noise’’ gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. 
It is recommended that an amplifier with less than 50uV of 
input offset be used (such as the AD517 or AD OP-07) in 
dc applications. Amplifiers with higher offset voltage may 
cause audible “thumps” in ac applications due to dc output 
changes, 


The AD7111 accuracy is specified and tested using only the 
internal feedback resistor, Any Gain Error (i.e., mismatch of 
Rrg to the R-2R ladder) that may exist in the AD7111 D/A 
converter circuit results in a constant attenuation error over 
the whole range. The AD7111 accuracy is specified relative 

to OdB attenuation, hence “‘Gain”’ trim resistors—R1 and R2 
in Figure 1—can be used to adjust Voyt = Vin precisely (i.e., 
OdB attenuation) with input code 00000000. The accuracy 
and monotonic range specifications of the AD7111 are not 
affected in any way by this gain trim procedure. For the 
AD7111L/C/U grades, suitable values for R1 and R2 of 
Figure 1 are R1 = 500, R2 = 1802; for the K/B/T grades 
suitable values are R1 = 10002, R2 = 27022. For additional 
information on gain error the reader is referred to Application 
Note “‘Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACs”’ by Phil Burton available from Analog 
Devices Inc., Publication Number E630—10—6/81. 
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Typical Performance Characteristics — 


OUTPUT LEAKAGE CURRENT !oys — nA 


TEMPERATURE — °C 


Figure 11. Output Leakage Current vs. Temperature 


[a eee 


Ta = +26°C 
‘DATA INPUT CODE = 00000000 


INPUT VOLTAGE -— Volts Vin © 1Vems 


Figure 7. Typical Supply Current vs. Logic ene Level 


Voo = +5V 
Ta = 425°C 


ERROR — dB 
NORMALIZED GAIN WITH RESPECT TO tkHz 


7” _ : 0 3 6 9 12 15 18 71 24 27 30 FREQUENCY — Hz 
; ATTENUATION - dB 
Figure 8. Typical Attenuation Error for 0.75dB Steps rn oe Frequency Response with AD544 and AD517 


Vin 
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Figure 10. Accuracy Specification for K/B/T Grade Devices Figure 14. Accuracy Specification for L/C/U Grade Devices 
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ANALOG 
DEVICES 


LoGpAC™ 


CMOS Logarithmic D/A Converter 


AD7118* 


FEATURES 

Dynamic Range 85.5dB 

Resolution 1.5dB 

Full +25V Input Range Multiplying DAC 

Full Military Temperature Range -55 C to +125°C 

Low Distortion . 

Low Power Consumption 

Latch Proof Operation (Schottky Diodes Not Required) 
Single 5V to 15V Supply 


APPLICATIONS 

Digitally Controlled AGC Systems 
Audio Attenuators 

Wide Dynamic Range A/D Converters 
Sonar Systems 

Function Generators 


GENERAL DESCRIPTION 

The AD7118 is a CMOS multiplying D/A converter which at- 
tenuates an analog input signal over the range 0 to -85.5dB 
in 1.5dB steps. The analog output is determined by a six bit 
attenuation code applied to the digital inputs. Operating fre- 
quency range of the device is from dc to several hundred kHz. 


The device is manufacured using an advanced monolithic 
silicon gate thin-film on CMOS process and is packaged in 
a 14-pin dual-in-line package. 


ORDERING INFORMATION 


Temperature Range 


0 to +70°C | -25°C to +85°C | -55°C to +125°C 


AD7118KN| AD7118BD2 AD7118TD? 
AD7118LN | AD7118CD |AD7118UD? _| 


Specified 
Accuracy 
Range’ 
0 to 42dB 
0 to 48dB 


NOTES 

1 All devices are guaranteed monotonic at +25°C (see spec). 

? Ceramic parts are available screened to MIL-STD-883, method 
5004 para 3.1.1 through 3.1.12 for a class B device. To order 
add/883B to part number. 


*Patent Pending 
LOGDAC is a trademark of Analog Devices, Inc. 


AD7118 FUNCTIONAL BLOCK DIAGRAM 


Sas re 
se 

D/A CONVERTER 
<_o- 
(555666 


D5 D4 D3 D2 O1 DO 
(MSB) (LSB) 


DIGITAL INPUTS 


PIN CONFIGURATION 


NC = NO CONNECTION 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP — (D14B) 
Suffix N: Plastic DIP — (N14B) 


1 See section 20 for package outline information. 
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SPECIFICATIONS 


(VDD = +5V or +15V, Vin = -10V de, VpIN 14= VPIN1 = OV, output amplifier AD544 except ware stated) 


Tr = +25°C: TA = Putin Trax TEST CONDITIONS/ 


PARAMETER UNITS COMMENTS 
NOMINAL RESOLUTION a a a ce a 


ACCURACY RELATIVE 10 VIN 


AD7118L/C/U 
0 to -30dB Accuracy is measured using 
-31.5 to -42dB circuit of Figure 1 and includes 
-43.5 to -48dB any effects due to mismatch 
AD7118K/B/T between Rep and the R-2R 
0 to -30dB ladder circuit. 
-31.5 to -42dB 
MONOTONIC RANGE 
Nominal 1.5dB Steps L/C/U Grade Monotonic Over Full 0 to -72 dB Digital Inputs 000000 to 110000 
K/B/T Grade Code Range 0 to -66 dB Digital Inputs 000000 to 101100 
Nominal 3dB Steps All Grades Monotonic Over Full Code Range 
Vix INPUT RESISTANCE All Grades 9 9 9 
(PIN 12) L/C/U Grade 17 17 17 
K/B/T Grade 21 21 21 
Rep INPUT RESISTANCE All Grades 9.45 9.45 9.45 
(PIN 13) L/C/U Grade 18 18 18 
K/B/T Grade 22 z2 22 


DIGITAL INPUTS 


Input High Voltage Requirements Viy 3.0 
Input Low Voltage Requirements Vj, 0.8 
Input Leakage Current +10 Digital Inputs = Vpp 


POWER SUPPLY 


Vpp for Specified Accuracy - V min 
15 V max 
Ipp mA max Digital Inputs = OV or Vpp 


(See Figure 7) 
Specifications subject to change without notice. 
AC PERFORMANCE ‘CHARACTERISTICS 


These characteristics are included for design guidance only and are not subject to test. 


Vpp = +5V or +15V, Vin = -10V except where stated, Vpjn 14 = Vpin1 = OV, output amplifier AD544 except where stated. 


PARAMETER 
DC Supply Rejection, AGain/AVpp ; ; ‘0. : dB per % max AVpp = +10%, 
Input code = 100000 
Propagation Delay ; ; , : Ms max Full Scale Change 
Digital Charge Injection = nV secs typ Measured with ADLH0032CG 
as output amplifier for input 
code transition 100000 to 000000. 
C1 of Figure 1 is OpF. 
Output Capacitance (Pin 14) pF max 
Input Capacitance Pin 12 and Pin 13 pF max 
Feedthrough at 1kHz L/C/U Grade dB max Feedthrough is also deter- 
K/B/T Grade dB max mined by circuit layout 
Total Harmonic Distortion dB typ Vin = 6V rms 
Intermodulation Distortion dB typ per DIN 45403 Blatt 4, 
Output Noise Voltage Density nV// Hz max Includes AD544 amplifier noise 
Digital Input Capacitance pF max 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Vpp ito DEND, 33.65.25 oho e4-w aad eau eae es +17V 
Vin(€O AGND) iio ours oun dob al ccaish os oes hates 6 +35V 
Digital Input Voltage to DGND........... -0.3V to Vpp 
Output Voltage (Pin 14)to AGND......... -0.3V to Vpp 
AGND to: DGND, 24-0 %¢ 44.34 thw Se bee S4 0 to Vpp 
DGND to AGND 3 je3-2..3 5.3 <u gaa oA drew Beek 4 0 to Vpp 


Power Dissipation (Package) 
Plastic (Suffix N) 


TO 8710 CO Abts Ru Se aeh odes ee Rion anos 670mW 
Derates Above +70 Cby ................ 8.3mW/°C 
CAUTION: 


ESD (Electro -Static- Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject to high 
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The 
foam should be discharged to the destination socket before devices are removed. 


Ceramic (Suffix D) 
To+75°C......... thou GMs tadde Bednar ens 450mW 


Derates Above +75 Cby .........0 00 enue 6mW/°C 
Operating Temperature Range ; 
Commercial Plastic (KN, LN Versions) ...... 0to +70 C 
Industrial Ceramic (BD, CD Versions). . . .-25°C to +85°C 
Military Ceramic (TD, UD Versions)... . -55°C to +125°C 
Storage Temperature... 1... .. eee eee -65°C to +1 50°C 
Lead Temperature (Soldering 10 secs)........... +300 C 


WARNING! 
wes 


ESD SENSITIVE DEVICE 


TERMINOLOGY 
RESOLUTION: Nominal change in attenuation when moving 
between two adjacent binary codes. 


MONOTONICITY: The device is monotonic if the analog out- 
put decreases (or remains constant) as the digital code increases. 


FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 


OUTPUT LEAKAGE CURRENT: Current which appears on 
the Ionut terminal with all digital inputs high. 


TOTAL HARMONIC DISTORTION: Is a measure of the har- 
monics introduced by the circuit when a pure sinusoid is ap- 


‘plied to the input. It is expressed as the harmonic energy 


divided by the fundamental energy at the output. 


ACCURACY: Is the difference (measured in dB) between the 
ideal transfer function as listed in Table 1-and the actual trans- 
fer function as measured with the device. 


OUTPUT CAPACITANCE: Capacitance from IgyT to ground. 


DIGITIAL CHARGE INJECTION: The amount of charge 
injected from the digital inputs to the analog output when 
the inputs change state. This is normally specified as the area 
of the glitch in either pA-Secs or nV-Secs depending upon 
whether the glitch is measured as a current or voltage signal. 
Digital charge injection is measured with Vij = AGND. 


PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 


INTERMODULATION DISTORTION: Is a measure of the 
interaction w hich takes place within the circuit between two 
sinusoids applied simultaneously to the input. 


The reader is referred to Hewlett Packard Application Note 
192 for further information. 
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CIRCUIT DESCRIPTION 
GENERAL CIRCUIT INFORMATION 


The AD7118 consists of a 17-bit R-2R CMOS multiplying D/A 


converter with extensive digital input logic. The logic trans- 
lates the 6-bit binary input into a 17-bit word which is used 
to drive the D/A converter. Table 1 gives the nominal output 
voltages (and levels relative to OdB = 10V) for all possible in- 
put codes. The transfer function for the circuit of Figure 1 is 
given by: 

Vo = -Vin 10 exp - | sk 


Se [Os 2i5N 
VIN dB 


where N is the binary input for values 0 to 57. For 60<{N<63 


the output is zero. See note 3 at bottom of Table 1. 


DIGITAL INPUT 
D5 - DO (PINS 2-7) 
*Cy = 33pF TYPICAL 


Figure 1. Typical Circuit Configuration 
EQUIVALENT CIRCUIT ANALYSIS 


Figure 2 shows a simplified circuit of the D/A converter section 


of the AD7118 and Figure 3 gives an approximate equivalent 
circuit. 


00 00 00 
00 00 01 
00 00 10 
00 00 11 
00 01 00 
00 01 01 
00 01 10 
00 01 11 
00 10 00 
00 10 01 
00 10 10 
00 10 11 
00 11 00 
00 1101 
00 11 10 
00 1111 
01 00 00 
0100 01 
01 00 10 
01 00 11 
01 01 00 
010101 
0101 10 
0101 11 
01 10 00 
011001 
011010 
011011 
01 1100 
011101 
011110 

NOTES 


1ViIn = -10V de 
7X =1 or O. Output is fully muted for N60 


3 Monotonic operation is not guaranteed for N = 58, 59 


Table 1. Ideal Attenuation vs Input Code 
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The current source ILEAKAGE is composed of surface and 


junction leakages and as with most semiconductor devices, 


roughly doubles every 10°C—see Figure 10. The resistor Ro 
as shown in Figure 3 is the equivalent output resistance of the 
device which varies with input code from 0.8R to 2R. R is 
typically 12kQ2. Coyr is the capacitance due to the N channel 
switches and varies from about 50pF to 80pF depending upon 
the digital input. For further information on CMOS multiply- 
ing D/A converters refer to ‘‘Application Guide to CMOS 
Multiplying D/A Converters” which is available from Analog 
Devices, Publication Number G479—15—8/78. 


VIN R 


I 
SWITCH DRIVERS 


Figure 2. Simplified D/A Circuit of AD7118 


g(Vin, N) IS THE THEVENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE Vin, THE BINARY ATTENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R-2R LADDER. 


011111 
10 00 00 
10 00 01 
10 00 10 
10 00 11 
10 01 00 
1001 01 
10 01 10 
1001 11 
10 10 00 
10 1001 
10 10 10 
101011 
10 11 00 
10 1101 
10 11 10 
101111 
11 00 00 
110001 
11 00 10 
11 00 11 
11 01 00 
110101 
11 01 10 
1101 11 
11 1000 
111001 
111010 
111011 


11 11 XX? 


Figure 3. Equivalent Analog Output Circuit of AD7118 


0.0473 
0.0398 
0.0335 
0.0282 
0.0237 
0.0200 
0.0168 
0.0141 
0.0119 


| 0.0100 


0.00841 
0.00708 
0.00596 
0.00501 
0.00422 
0.00355 
0.00299 
0.00251 
0.00211 
0.00178 
0.00150 
0.00126 
0.00106 
0.000891 
0.000750 
0.000631 
0.000531 
0.000447 
0.000376 


DYNAMIC PERFORMANCE 

The dynamic performance of the AD7118 will depend upon 
the gain and phase characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Figure 4 shows a printed circuit lay- 
out which minimizes feedthrough from Vjy to the output in 
multiplying applications, Circuit layout is most important if 
the optimum performance of the AD7118 is to be achieved. 
Most application problems stem from either poor layout, 
grounding errors, or inapprepriate choice of amplifier. 


a AMP PIN 1 
° 


Vier AD7118 PIN 1 


OUTPUT v- 
C1 LOCATION a AGND 


DIGITAL 


NOTE INPUT SCREEN INPUTS 


TO REDUCE FEEDTHROUGH 


DGND o— 
LAYOUT SHOWS COPPER SIDE (i.e., BOTTOM VIEW) 


Figure 4, Suggested Layout for AD7118 and Op Amp 


It is recommended that when using the AD7118 with a high 
speed amplifier, a capacitor C1 be connected in the feedback 
path as shown in Figure 1. This capacitor, which should be 
between 30pF and 50pF, compensates for the phase lag intro- 
duced by the output capacitance of the D/A converter. Figures 
5 and 6 show the performance of the AD7118 using the 
AD517, a fully compensated high gain superbeta amplifier, 
and the AD544, a fast FET input amplifier. The performance 
without C1 is shown in the middle trace and the response with 
Cl in circuit is shown in the bottom trace. 


Vopo =5V Ta = +25°C CODE 


DIGITAL 
INPUTS 


Vo 


meg | C1 3SPF 


Figure 5. Response of AD7118 with AD517L 


Ta  +25°C CODE 
DIGITAL 
INPUTS 


C, = OpF 


Vo 


Cy = 33pF 


Figure 6. Response of AD7118 with AD544S 


In conventional CMOS D/A converter design parasitic capaci- 
tance in the N-channel D/A converter switches can give rise to 
glitches on the D/A converter output. These glitches result 
from digital feedthrough. The AD7118 has been designed to 


minimize these glitches as much as possible. It is recommended . 


that for minimum glitch energy the AD7118 be operated with 
Vpp = 5V. This will reduce the available energy for coupling 


Applications Information 


across the parasitic capacitance. It should be noted that the 
accuracy of the AD7118 improves as Vpp is increased (see 
Figure 8) but the device maintains monotonic behavior to at 
least -66dB in the range 5<Vpp <15 volts. 


For operation beyond 250kHz, capacitor C1 may be reduced 
in value, This gives an increase in bandwidth at the expense of 
a poorer transient response as shown in Figures 6 and 11. In 
circuits where C1 is not included the high frequency roll-off 
point is primarily determined by the characteristics of the 
output amplifier and not the AD7118. 


Feedthrough and absolute accuracy for attenuation levels 
beyond 42dB are sensitive to output leakage current effects. as 
For this reason it is recommended that the operating tempera- eS: 


- ture of the AD7118 be kept as close to 25°C as is practically 


possible, particularly where the device’s performance at high 
attenuation levels is important. A typical plot of leakage cur- 
rent vs. temperature is shown in Figure 10. 


Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects between analog 
input and output. The user is cautioned to ensure that the 
manufacturing process for circuits using the AD7118 does not 
allow such films to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 


STATIC ACCURACY PERFORMANCE 

The D/A converter section of the AD7118 consists of a 17-bit 
R-2R type converter. To obtain optimum static performance 
at this level of resolution it is necessary to pay great attention 
to amplifier selection, circuit grounding, etc. 


Amplifier input bias current results in a de offset at the output 
of the amplifier due to the current flowing through the feed- 
back resistor Rpg. It is recommended that an amplifier with 
an input bias current of less than 10nA be used (e.g., AD517 
or AD544) to minimize this offset. 


Another error arises from the output amplifier’s input offset 
voltage. The amplifier is operated with a fixed feedback re- 
sistance, but the equivalent source impedance (the AD7118 
output impedance) varies as a function of attenuation level. 
This has the effect of varying the ‘“‘noise” gain of the amplifier, 
thus creating a varying error due to amplifier offset voltage. To 
achieve an output offset error less than one half the smallest 
step size, it is recommended that an amplifier with less 

than 50uV of input offset be used (such as the AD517 or 
AD OP-07), 


If dc accuracy is not critical in the application, it should be 
noted that amplifiers with offset voltage up to approximately 
2 millivolts can be used. Amplifiers with higher offset voltage 
may cause audible “thumps” due to dc output changes. 


The AD7118 accuracy is specified and tested using only the 
internal feedback resistor. It is not recommended that “‘gain’”’ 
trim resistors be used with the AD7118 because the internal 
logic of the circuit executes a proprietary algorithm which 
approximates a logarithmic curve with a binary D/A converter: 
as a result no single point on the attenuator transfer function 
can be guaranteed to lie exactly on the theoretical curve. Any 
“‘gain-error’”’ (i.e., mismatch of Rpg to the R-2R ladder) that 
may exist in the AD7118 D/A converter circuit results in a 
constant attenuation error over the whole range. Since the 
gain-error of CMOS multiplying D/A converters is normally 
less than 1%, the accuracy error contribution due to “‘gain- 
error” effects is normally less than 0.09dB. 
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Typical Performance Characteristics 
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Figure 7. Digital Threshold & Power Supply Current vs 
Power Supply 
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Figure 8. DC Attenuation Error vs. Attenuation 
& VoD | 


Vop = 5V 
Vin = -10V 


ATTENUATION ERROR — dB 
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48 
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Figure 9. DC Attenuation Error vs. Attenuation & 
Temperature 
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Figure 10. Output Leakage Current vs Temperature at Vpp = 
5, 10 and 15 Volts 
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Figure 11. Frequency Response with AD544 and AD517 
Amplifiers 
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Si 12. Distortion vs. Frequency Using AD544 Amplifier 


ANALOG 
DEVICES 


CMOS 10-& 12-Bit Monolithic 


Multiplying D/A Converters 
AD7520, AD79521 


FEATURES 

AD7520: 10-Bit Resolution 

AD7521: 12-Bit Resolution 

Linearity: 8-, 9- and 10-Bit 

Nonlinearity Tempco: 2ppm of FSR/°C 
Low Power Dissipation: 20mW 

Current Settling Time: 500ns 
Feedthrough Error: 1/2LSB @ 100kHz 
TTL/DTL/CMOS Compatible 


Note: AD7533 is recommended for new 10-bit designs. 


AD7541, AD7542 or AD7543 is recommended for 
new 12-bit designs. 


GENERAL DESCRIPTION 

The AD7520 (AD7521) is a low cost, monolithic 10-bit 
(12-bit) multiplying digital-to-analog converter packaged in a 
16-pin (18-pin) DIP. The devices use advanced CMOS and thin 
wilm technologies providing up to 10-bit accuracy with TTL/ 
DTL/CMOS compatibility. 


The AD7520 (AD7521) operates from +5V to +15V supply 
and dissipates only 20mW, including the ladder network. 


Typical AD7520 (AD7521) applications include: digital/ 
analog multiplication, CRT character generation, program- 
mable power supplies, digitally controlled gain circuits, etc. 


ORDERING INFORMATION 


Temperature Range 


0 to +70°C -| -25°C to +85°C 
AD7520JN AD7520JD 
AD7521JN AD7521JD - 
AD7520KN AD7520KD 
AD7521KN AD7521KD 


AD7520LN AD7520LD 
AD7521LN AD7521LD 


Nonlinearity 
-55°C to +125°C 


AD7520SD 
AD7521SD 


0.2% (8-Bit) 


AD7520TD 
AD7521TD 


0.1% (9-Bit) 


AD7520UD 
AD7521UD 


0.05% (10-Bit) 


AD7520, AD7521 FUNCTIONAL BLOCK DIAGRAM 


Vrer © 


| | 
6 4 


BIT 1 (MSB) BIT 2 


BIT N (LSB) 


DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 


AD7520: N=10 
AD7521: N=12 
Logic: A switch is closed to Ipyq, for its 


digital input in a ‘‘HIGH” state. 


PIN CONFIGURATIONS 


A07520 AD7521 


118] Reeeosack 


lout: L.1 | 


loury L1] 16] Reeeosack 
lourz L.2_] r15] Vrer IN loutz L2_] Vaer IN 
cno L3 | 114] Vop (+) eno [3] rt6] Yoo (+) 
BIT 1 (MSB) 4 | 13) BIT 10 (LSB) Bit 1 (mse) L4 J 115} Bit 12 (LSB) 
sit 2 (8 12] sit 9 Bit 2 LS] 14) eit 
Bit 3 6] 11) Bit 8 Bit 3 L&_] 113} BIT 10 
BIT 4 110} git 7 BIT 4 riz] Bit 
Bits L8 19 Jaite BiT5 (8 | uj eites . 
(NOT TOSCALE) git6 L9] BIT7 
16-PIN DIP 18-PIN DIP 
TOP VIEW TOP VIEW 


PACKAGE IDENTIFICATION! 


Suffix D: Ceramic DIP Package 
AD7520: (D16B) 
AD7521: (D18B) 

Suffix N: Plastic DIP Package 


AD7520 (N16B) 
AD7521 (N18B). 


1 See Section 20 for package outine information. 
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SPECIFICATIONS (Vpp = +15, VREF = +10V, Ty = +25°C unless otherwise noted) 


PARAMETER 


AD7520 AD7521 TEST CONDITIONS 


DC ACCURACY’ 
Resolution 10 Bits 12 Bits 
Nonlinearity (See Figure 5) 


J, 0.2% of FSR max (8 Bit) * S,T,U: over -55°C to +125°C 
S, 0.2% of FSR max (8 Bit) * -10V<Vp pp <+10V 
K, 0.1% of FSR max (9 Bit) * 
T, 0.1% of FSR max (9 Bit) * 
L, 0.05% of FSR max (10 Bit) * 
U, 0.05% of FSR max (10 Bit) * 
Nonlinearity Tempco 2ppm of FSR/°C max 4 -10VSVpppStloV 
Gain Error 0.3% of FSR ty -10VSVp pp Stl0V 
Gain Error Tempco’ 10ppm of FSR/ C max * -10VSVpprpStl0V 


Output Leakage Current 
(either output) 
Power Supply Rejection 


200nA max 
5O0ppm of FSR%/°C typ 


* 


* 


Over specified temperature range 


(See Figure 6) 


AC ACCURACY 


To 0.05% of FSR 


Output Current Settling Time 500ns typ : All digital inputs low to high 
(See Figure 10) and high to low 
Feedthrough Error (See Figure 9)% 10mV p-p max VreF = 20V p-p, 100kHz 
. i All digital inputs low 
REFERENCE INPUT 
Input Resistance® 5kQ. min r 
10kQ2 typ . 
20k92 max : 
ANALOG OUTPUT 
Output Capacitance = Iny 71 120pF typ id All digital inputs high 
(See Figure 8) lout2 37pF typ ‘ All digital inputs high 
UT1 37pF typ - All digital inputs low 
lout2 120pF typ * All digital inputs low 
Output Noise (both outputs) Equivalent to 10kQ typ . ; 
(See Figure 7) Johnson noise 
DIGITAL INPUTS® 
Low State Threshold 0.8V max . Over specified temperature range 
High State Threshold 2.4V min ie Over specified temperature range 
Input Current (low~to high state) 1A typ Over specified temperature range 
Input Coding Binary . See Tables 1 & 2 under Applications 
POWER REQUIREMENTS : 
Power Supply Voltage Range +5V to +15V . 
Ipp SnA typ * All digital inputs at GND 
2mA max . All digital inputs high or low 
Total Dissipation (Including ladder) 20mW typ * 


NOTES: 


1 Full scale range (FSR) is 10V for unipolar mode and +10V for bipolar mode. 


? Using the internal Repr 


BACK 
3 Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 


“To minimize feedthrough with the ceramic package, the user must ground the metal lid. If the lid is not 
grounded, then the feedthrough is 10mV typical and 30mV maximum. 
5 Ladder and feedback resistor tempco is approximately -150ppm/‘C. 


Specifications subject to change without notice. 
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‘ 
eT 


ABSOLUTE MAXIMUM RATINGS . a — 
(Ty, = +25°C unless otherwise noted) | oF sera ervonsees tt 
VpptO GND nasi sinh acustc das adh Bie eaes +17V —— 
DD as en Eee Sree 
Vper (tOGND).. 0... cece cece cece ee es +25V eae ae Ca) 
Digital Input Voltage Range .............. Vpp to GND ee Seen Ree | 
Output Voltage (Pin 1, Pin2)....... ... -100mV to Vpp omnia Deen ecco 
Power Dissipation (package) fp ——-# 
UDO TS Chg firey a5 yan BAe Mane Ga ee.d 450mW aaeaeas as 
derates above +75°Cby............0 0000. 6mW/°C 
Operating Temperature 
JN, KN, LN Versions...............002 0 to +70 C 
JD, KD, LD Versions............... -25°C to +85°C 
SD, TD, UD Versions.............. -55°C to +125°C 
Storage Temperature......... 5 Wk Rts -65°C to +150°C 


CAUTION: TEMPERATURE — °C 
1. Do not apply voltages higher than Vpp or less than 
GND potential on any terminal except Vppr. 


Figure 2. Supply Current vs. Temperature 


The digital control inputs are zener protected; however, 
permanent damage may occur on unconnected units 
under high energy electrostatic fields. Keep unused units 
in conductive foam at all times. 


TYPICAL PERFORMANCE CURVES 
Ta = +25°C, Vpp = +15V unless otherwise noted 


OUTPUT CURRENT — pA 


REFERENCE FREQUENCY — Hz 


<q 
Ap Figure 3. Output Current Bandwidth 
8 
1.0 
DIGITAL INPUT. VOLTAGE = Vop 
0.001 
5 6 7 8 9 - —— a eae es ee 
Voo — Volts 


Figure 71. Supply Current vs. Supply Voltage 


CURRENT SETTLING TIME (TO 0.05% Ipeg) — ns 


DIGITAL INPUT VOLTAGE STEP — Volts 


Figure 4. Output Current Settling 
Time vs. Digital Input Voltage 
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TEST CIRCUITS 


Note: The following test circuits apply for the AD7520. 
Similar circuits can be used for the AD7521. 


DC PARAMETERS 


+15V 


BINARY LINEARITY 
COUNTER OERROR X 100 


Figure 5. Nonlinearity 


+15V 
UNGROUNDED 
SINE WAVE 
GENERATOR 
40Hz, 2V p-p 


5k 0.01% 


O Verror X 100 
ee BL rEEDBACK 00s peas 


Vrer 


Figure 6. Power Supply Rejection 


AC PARAMETERS 


+11V (ADJUST FOR Voyy = OV) 


F = 1kHz 
BW = 1Hz 


ANALYZER 


Figure 8. Output Capacitance 
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+15V 


Vaer = 20V p-p 130kH2z SINE WAVE 


Vout 


+15V 
+10V 


BIT 1 (MSB) 


sv TLS] 


ov 0 


Figure 10. Output Current Settling Time 


TERMINOLOGY 


RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2—") (Vpgrp). A 
bipolar converter of n bits has a resolution of [2—(—1)] 
[VrEpl. Resolution in no way implies linearity. ; 


SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital 
input stimulus, i.e., 0 to Full Scale. 


GAIN: Ratio of the DAC’s operational amplifier output 
voltage to the input voltage. 


FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from Vpgrf to output with all switches OFF. 


OUTPUT CAPACITANCE: Capacity from Igyq, and 
InyuT2 terminals to ground. 


OUTPUT LEAKAGE CURRENT: Current which appears on 
Iouti terminal with all digital inputs LOW or on Ipyt2 
terminal when all inputs are HIGH. 


CIRCUIT DESCRIPTION 


GENERAL CIRCUIT INFORMATION 


_ The AD7520(AD7521), a 10-bit (12-bit) multiplying D/A con- 
verter, consists of a highly stable thin film R-2R ladder and 
ten (twelve) CMOS current switches on a monolithic chip. 
Most applications require the addition of only an output 
operational amplifier and a voltage or current reference. 


The simplified D/A circuit is shown in Figure 11. An inverted 
R-2R ladder structure is used — that is, the binarily weighted 
currents are switched between the Iny71 and Ipy72 bus lines, 
thus maintaining a constant current in each ladder leg inde- 
pendent of the switch state. 


VREF 


Olout2 


Olout1 


10k 
O REEEDBACK | 


O oO 
BIT1(MSB) BIT2  BIT3 BIT N (LSB) 


AD7520: N=10 
DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) AD7521: N=12 


(Switches shown for Inputs “‘High’’) 


Figure 11. AD7520 (AD7521) Functional Diagram 


One of the CMOS current switches is shown in Figure 12. The 
geometries of devices 1, 2 and 3 are optimized to make the 
digital control inputs DTL/TTL/CMOS compatible over the 
full military temperature range. The input stage drives two 
inverters (devices 4, 5, 6 and 7) which in turn drive the two 
output N-channels. The ‘‘ON” resistances of the first six 
switches are binarily scaled so the voltage drop across each 
switch is the same. For example, switch-1 of Figure 12 was 
designed for an “ON” resistance of 20 ohms, switch-2 of 40 
ohms and so on. For a 10V reference input, the current 
through switch 1 is 0.5mA, the current through switch 2 is 
0.25mA, and so on, thus maintaining a constant 10mV drop 
acrcss each switch. It is essential that each switch voltage drop 
be equal if the binarily weighted current division property of 
the ladder is to be maintained. 


prokepeen 


DTL/TTL/CMOS 
INPUT 


Figure 12. CMOS Switch 


ReeepBack 


lout1 


1/1024 
(1/4096) 


Figure 13. AD7520 (AD7521) Equivalent Circuit— 
- All Digital Inputs Low 


EQUIVALENT CIRCUIT ANALYSIS 


The equivalent circuits for all digital inputs high and all digital in- 
puts low are shown in Figures 13 and 14. In Figure 13 with all 
digital inputs low, the reference current is switched to Ipy72- 
The current source ly f AKAGE is composed of surface and - 


. I 
junction leakages to the substrate while the 7004 4 ( 4056 ) 


current source represents a constant 1-bit current drain 
through the termination resistor on the R-2R ladder. The 


“ON” capacitance of the output N channel switch is 120pF, 10 
as shown on the [ny terminal. The “OFF” switch capaci- 

tance is 37pF, as shown on the Ipy7; terminal. Analysis of 

- the circuit for all digital inputs high, as shown in Figure 14 is 

similar to Figure 13; however, the ““ON”’ switches are now on 

terminal Iny71, hence the 120pF at that terminal. 


REEEDBACK - 


lout1 


lout2 


Figure 14. AD7520 (AD7521) Equivalent Circuit— 
All Digital Inputs High 
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APPLICATIONS DIGITAL INPUT ANALOG OUTPUT 


UNIPOLAR BINARY OPERATION —atiiiiiiii -Vrer (1 - 2?) 
Figure 15 shows the cizcuit connections required for uni- 1000000001 -VREF (27) 
polar operation using the AD7520. Since VpEF can as- 1000000000 0 
sume either positive or negative values, the circuit is also 
, 0) -9 
capable of 2-quadrant multiplication. The input code/out- aces Vrer (2”) 
put range table for unipolar binary operation is shown in 0000000001 Vrer (1 - 2?) 
ble 1. 
Table 1 0000000000 VREF 
¥ +15V . 
ae NOTE: 1 LSB = 2° Veer 
0 Table 2, Code Table — Bipolar (Offset Binary) Operation 
tai AD7520 O Vout 
SaaTECTION When a switch’s control input is a Logical ‘‘1”, that switch’s 
Seno UTR current is steered to Iny71, forcing the output of amplifier 
#1 to 
| Vout = ~ “ouri1) 10k) 
Figure 15. Unipolar Binary Operation where 10k is the value of the feedback resistor. 
(2-Quadrant Multiplication) | 
. : : . s s*9o”” : . h’ t 
(Note: Protection Schottky not required with TRIFET output A i nas ale ee ee ps 
amplifier such as AD542 or AD544). UT2: 8) 


amplifier #2. Resistors R1 and R2 need not track the internal 
R-2R circuitry; however, they should closely match each other 
to insure that the voltage at amplifer #2’s output will force a 
1. Tie all digital inputs to the AD7520 (AD7521) to GND current into R2 which is equal in magnitude but opposite in 


Zero Offset Adjustment 


potential, polarity to the current at Ip. This creates a push-pull 
2. Adjust the offset trimpot on the output operational effect which halves the resolution but doubles the output 
amplifier for OV 1mV at Voyq range for changes in the digital input. 
With the MSB a Logic “1” and all other bits a Logic “0”, a 1/2 
Gain Adjustment LSB difference current exists between Iny7, and Ipyz2, 
1. Tie all digital inputs to the AD7520 (AD7521) to the creating an offset of 1/2 LSB. To shift the ile curve . 
415V supply: zero, resistor R-9 is used to sum 1/2 LSB o current into the 


IoutT2 terminal. 
2. To increase VOUT, piace a resistor R in series with the 


amplifier output terminal and RFEEDBACK Of the Offset Adjustment 
AD7520 (AD7521) (R = 0 to 50082) 


3. To decrease Voy7, place a resistor R in series with Vpgr- 
(R = 0 to 50022) 2. Tie all digital inputs to +15V (Logic ‘‘1”’). 


3. Adjust amplifier #2 offset trimpot for OV t1lmV at 
amplifier #2 output. 


Make Vpgp approximately +10V. 


DIGITAL INPUT ANALOG OUTPUT 4, Tie MSB (Bit 1) to +15V, all other bits to ground. 
1111111111 _y (1 - 2710) 5. Adjust amplifier #1 offset trimpot for OV +1mV at 

ig REF Vout: 
1000000001 -Vegr (1/2 + 2710) 

Gain Adjustment 
~VREF be of 
1000000000 aa oe Gain adjustment is the same as for unipolar operation. 
0111111111 -Vagr (1/2 - 2710) +15V 
Vv 

0000000001 -Vapp (272°) it 
0000000000 0 ae 
NOTE: 1 LSB = 2° Vapp DIGITAL | 


INPUT 
Table 1. Code Table — Unipolar Binary Operation 


PROTECTION 
SCHOTTKY 


BIPOLAR (OFFSET BINARY) OPERATION 
Figure 16 illustrates the AD7520 connected for bipolar 


operation, Since the digital input can accept bipolar numbers Bide i avin! sien rs 

and VpgF can accept a bipolar analog input, the circuit can Guadrant Multiplication 

perform a 4-quadrant multiplying function. Input coding is (Note: Protection Schottky not required with TRIFET output 
offset binary (modified 2’s complement) as shown in Table 2. amplifier such as AD542 or AD544). 
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DYNAMIC PERFORMANCE CHARACTERISTICS 


The following circuits and associated waveforms illustrate the 
dynamic performance which can be expected using some 
commonly available IC amplifiers. All settling times are to 
0.05% of 10V. 


AD74I1J 
Small Signal Bandwidth: 180kHz 
Settling Time: 20us 
Veer +15V 
BIT 1 (MSB) 
OO 
BIT 20 
| v 
DIGITAL | OUT 
INPUT 
BIT 10 (LSB) | 
OO 
Figure 17. DAC Circuit Using AD741J 
20us/DIV 
2 
a 
~ 
> 
LV a) 
saree igure 18. sais Waveform 
AD518K 
Small Signal Bandwidth: 1.0MHz 
Settling Time: 6.0us 
VREF eSy 
BIT 1 (MSB) 
BIT 20 
DIGITAL V 
INPUT , ad 
BIT 10 (UsB) 
Figure 19. DAC Circuit Using AD518K 
lus/DIV 
2 
=) 
~~ 
> 
a) 


Figure 20. Output Waveform 


ADS505J 
Small Signal Bandwidth: 1.0MHz 
Settling Time: 2.5us 


Vacr +15V 


DIGITAL 
INPUT 


Figure 21. DAC Circuit Using AD505J 


1lus/DIV 


eaanas 
TAL 


5V/DIV 


[nN 
\ 
gan eae ei 
anon nee 


Figure 22. Output Waveform 


AD509K 


Small Signal Bandwidth: 1.6MHz 
Settling Time: 2.0us 


+15V 


VREF 


DIGITAL O 
INPUT 


Figure 23. DAC Circuit Using AD509K 


lyus/DIV 


ie 


5V/DIV 


Figure 24. Output Waveform 
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ANALOG/DIGITAL DIVISION 


With the AD7520 connected in its normal multiplying configu- 
ration as shown in Figure 15, the transfer function is 


A A A A,’ 
21 22 23 2n 
where the coefficients A, assume a value of 1 for an ON bit 
_and 0 for an OFF bit. 


By connecting the DAC in the feedback of an operational 

amplifier, as shown in Figure 25, the transfer function becomes 
—VIN 

Ay A2 A3 An 

_- + — + prareockes + oee 

21 22 23 2n 


Vo= 


This is division of an analog variable (Vin) by a digital word. 
With all bits off, the amplifier saturates to its bound, since 
division by zero isn’t defined. With the LSB (Bit 10) ON, the 
gain is 1024. With all bits ON, the gain is 1 (£1 LSB). 


DIGITAL INPUT 


BIT 1 BIT 10 
(MSB) (LSB). 
ome O 


Figure 25. Analog/Digital Divider 
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ANALOG 
DEVICES 


FEATURES 


10-Bit Resolution 

8-, 9- & 10-Bit Linearity : 
Microprocessor Compatible 

Double Buffered Inputs 

Serial or Parallel Loading 

DTL/TTL/CMOS Direct Interface 

Nonlinearity Tempco: 2ppm of FSR/°C 

Gain Tempco: 10ppm of FSR/°C 

Very Low Power Dissipation 

Very Low Feedthrough 


GENERAL DESCRIPTION 

_ The AD7522 is a monolithic CMOS 10-bit multiplying D/A 
converter, with an input buffer and a holding register, allowing 
direct interface with microprocessors. Most applications re- 
quire the addition of only an operational amplifier and a 
reference voltage. 


The key to easy interface to a data bus is the AD7522’s ability 
to load the input buffer in two bytes (an 8-bit and a 2-bit byte), 
and subsequently move this data to a holding register, where 
the digital word is converted into an analog current or voltage 
(with external operational amplifier). The input loading of 
either 8 or 10 bits can be done in a parallel or serial mode. 


The AD7522 is packaged in a 28-pin DIP, and operates with 
a +15V main supply at 2mA max, and a logic supply of +5V 
for TTL interface, or +10 to +15V for CMOS interface. 


A thin film on high density CMOS process, using silicon 
nitride passivation, ensures high reliability and excellent 
stability. 


ORDERING INFORMATION 


: : Temperature Range 
Nonlinearity 


0 to +70°C -25°C to +85°C —--55°C to +125°C 
0.2% (8-Bit) AD7522JN AD7522JD AD7522SD 
0.1% (9-Bit) AD7522KN  AD7522KD AD7522TD 
0.05% (10-Bit) AD7522LN AD7522LD AD7522UD 


PACKAGE IDENTIFICATION? 
Suffix ““D”’: Ceramic DIP Package — (D28B) 
Suffix ‘“‘N”’: Plastic DIP Package — (N28A) 


’ See section 20 for package outline information. 


CMOS 10-Bit, 


Buffered Multiplying D/A Converter 


AD79522 


AD7522 FUNCTIONAL BLOCK DIAGRAM 


Vec DGND Vo Var AGND 
O O 


DAC REGISTER 


e 


SHIFT REGISTER 8 BIT SHIFT REGISTER 
g|1_} (serial Move) (SERIAL MODE)/ 


A) waRatter LATCH (PARALLEL MODE) 
\ 


pes pes pB? DBs DBs pes DB3 pB2 DB! DBO 
(MSB) (LSB) 


PIN CONFIGURATION 
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SPECIFICATIONS —(Vpp = +15V, Vec = +5V, Veer = 210V, TA = +25°C unless otherwise noted) 


3 . ; | OVER SPECIFIED ss 
PARAMETER - TA =+425°C | TEMP. RANGE TEST CONDITIONS 


STATIC ACCURACY es 
Resolution All 10 Bits min 10 Bits min SC8 = “1” 
Nonlinearity . AD7522) +0.2% FSR max 
AD7522S +0.2% FSR max +0.2% FSR max 
AD7522K +0.1% FSR max 
AD7522T +0.1% FSR max +0.1% FSR max 
AD7522L +0.05% FSR max 
AD7522U +0.05% FSR max +0.05% FSR max -10V<VppFStloV 
Nonlinearity Tempco! AD7522J,K,L +1ppm FSR/°C typ +2ppm FSR/°C max 
AD7522S,T,U +2ppm FSR/°C max 
Gain Error AD7522J,K,L +0.3% Reading typ 
Gain Ertor Tempco’ AD7522J,K,L  +t5ppm of Reading/°C typ +10ppm of Reading/°C max 
AD7522S,T,U +10ppm of Reading/*C max 
Output Leakage Current All 200nA max louT1: DBO through DB9 = 0 
at Inyty OF Iout2 louT2: DBO through DB9 = 1 


Power Supply Rejection AD7522J,K,L 5Oppm of Reading/% typ 
AC ACCURACY 


Feedthrough Error’ All lmV p-p typ, 10mV p-p max VreF= 20V p-p; 10kHz 
Output Current AD7522J,K,L 500ns typ To 0.05% of FSR for a FSR Step. 
Settling Time HBS and LBS Low to High 
LDAC = 1 


REFERENCE INPUT 
Input Resistance All 5kQ min/20kQ max 50k2 min/20kQ max 


ANALOG OUTPUT 
Output Capacitance 


Cort AD7522J,K,L 120pF typ } ee 
ta Input High 
Cours AD7522],K,L 40pF typ erect 
AD7522J,K,L 40pF typ | } 
OUT1 : 
Cout2 AD7522J,K,L  120pF typ All Data Inputs Low 
DIGITAL INPUTS 
Low State Threshold All 0.8V max 0.8V max Vec = +5V 
All 1.5V max 1.5V max Vcc = +15V 
High State Threshold All 2.4V min 2.4V min Voc = +5V 
All 13.5V min 13.5V min ; Vcc = +15V__ 
Input Current AD7522J,K,L 1yA typ 
LDAC Pulse Width! All 500ns min 500ns min LDAC: 0 to +3V 
HBS, LBS Pulse Width' All 500ns min 500ns min HBS, LBS: 0 to +3V 
Serial Clock Frequency’ All 1MHz max 1MHz max 
HBS, LBS Data Set Up? All 250ns min 250ns min 
Data Hold Time® All 500ns min, 200ns typ 500ns min 
POWER REQUIREMENTS 
I All 2mA max 
DD : 
ie All ees } In Quiescent State 
Notes 


* Guaranteed by design. Not tested. 
? Data setup time is the minimum amount of time required for DBO - DB9 to be stable prior to strobing HBS, LBS. 
> Data hold time is the minimum amount of time required for DBO - DB9 to be stable after strobing HBS, LBS. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 


VrprRtoGND............ ee eee ee +25V 
Vinny 1O-GND wohl ee nllant Conta es eres +17V 
Veg 10 GND: 2 torn baa ad sick mowed waar ails +17V 
VEC ON Dp i soar tSe oe ate eee oa +0.4V — 
Output Voltage (pins6&7)........ ee -0.3V to Vpp 
Operating Temperature 
JN, KN, LN versions .................. 0 to +70°C 
JD, KD, LD versions ............... -25°C to +85°C 
SD, TD, UD versions.............. -55°C to +125°C 
Storage Temperature................ -65°C to +150°C 
Power Dissipation (Package) 
Up to +50°C: 
Plastic (Suffix N)35.4.3 oop an.e Ea Wiel Seas 1200mW 
Ceramic (Suffix D) .............00000. 1000mW 
Derate Above +50 °C by 
Plastic (SuftixiN). ss io4-o Bet eee 0S Ae 12mW/°C 
Ceramic (Suffix D) ....... 0.00.00 005. 10mW/°C 
Digital Input Voltage Range ............. .. Vpp to GND 


CAUTION: 


1. Do not apply voltages higher than Vcc to SRO. 
2. Do not apply voltages higher than Vpp or less than GND to 
any other input/output terminal except Verr, Rep; or 


Rep: 


. The digital control inputs are zener protected, however 
permanent damage may occur on unconnected units 
under high energy electrostatic fields. Keep unused units 
in conductive foam at all times. 

- Vcc should never exceed Vpp by more than 0.4V, 
especially during power ON or OFF sequencing. 


TERMINOLOGY 
RESOLUTION 


Value of the LSB. For example, a unipolar n-bit converter 
has a resolution of (2) (Vppp). A bipolar n-bit converter 
has a resolution of [2°@-)] [(Varr! . Resolution in no way 
implies linearity. 


GAIN 


The “gain” of a converter is that analog scale factor setting 
that establishes the nominal conversion relationship, e.g., 
10V full scale. It is a linear error which can be externally 
adjusted (see gain adjustment on next page). 


OUTPUT LEAKAGE CURRENT 


Current which appears on the OUT1 terminal when the DAC 
register is loaded with all ‘‘0’s”’ or on the OUT2 terminal 
when the DAC register is loaded with all ‘‘1’s.”’ 


DAC CIRCUIT DESCRIPTION 


GENERAL CIRCUIT INFORMATION 

The AD7522’s DAC functional block consists of a highly 
stable Silicon Chromium thin film R-2R ladder, and ten 
SPDT N-channel current steering switches. Most applica- 
tions require the addition of only an output operational 
amplifier and a voltage or current reference. 


The simplified D/A circuit is shown in Figure 1. An in- 
verted R-2R ladder structure is used — that is, the binarily 
weighted currents are switched between the Ipny7, and Ipyr2 
bus lines, thus maintaining a constant current in each ladder 
leg independent of the switch state. 


VREFO LOTR 


lout2 


lout1 


RFB1 
RFB2 


Figure 1. DAC Functional Diagram 


EQUIVALENT CIRCUIT 

The DAC equivalent circuit is shown in Figure 2. The current 
source I; paKAGE !S composed of surface and junction leak- . 
ages to the substrate, while the Ippp/1024 current source 
represents the 1LSB of current lost through the ladder termi- | 
nation resistor to ground. The Cgy7,and Coy? output | 
capacitances are as shown when the DAC latches feed the 
DAC with all “‘1’s.’’ If the DAC latches are loaded with all 
*0’s,” CouT1 is 37pF, while CouTz 18 120pF. In addition, 
Csp is replaced by 10 ohms, and the 10 ohm Ron in IoutTi 
is replaced by a Cgp of 10pF. When fast amplifiers are used, 

it will be necessary to provide phase compensation (in the 
form of feedback capacitance) to cancel the pole formed by 
REEEpBACK 29d Coyr if stability is to be maintained. 


c Re EEDBACK 
PARASITIC : 10K 
<0.2pF NOMINAL 


r 
RLADDER 


10K 
REF | NOMINAL 
INPUT 


Cparasitic 
=0.2pF 


Figure 2. Equivalent Circuit (Shown for all Digital 
Inputs High) 
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PIN FUNCTION DESCRIPTION 


PIN MNEMONIC DESCRIPTION 
1  Vpp  §  +15V (nominal) Main Supply. 


2 LDTR ~*~  R-2R Ladder Termination Resistor. Normally grounded for unipolar operation or terminated at Ig9y72 for bipolar operation. 
3 VREF Reference Voltage Input. Since the AD7522 is a multiplying DAC, Vege may vary over the range of +10V. 
4 RFB2 ReEEDBACK ~ 2:8ives full scale equal to Verr/2: 
5 RFB1 ReEEDBACK: Used for normal unity gain (at full scale) D/A conversion. 
6 louti DAC Current OUT 1 Bus. Normally terminated at virtual ground of output amplifier. 
7 lout2 DAC Current OUT2 Bus, terminated at ground for unipolar operation, or virtual ground of op amp for bipolar operation. 
8 AGND Analog Ground. Back gate of DAC N-channel SPDT current steering switches. 
9 SRO Serial Output. An auxiliary output for recovering data in the input buffer. 
10 DB9 Data Bit 9. Most significant parallel data input. 
11 DB8 Data Bit 8. | | ; 
. 12 DB7 Data Bit 7. 

a 13 DB6 Data Bit 6. 

oe 14 DBS A. , Data Bit 5. 

; 15 DB4 Data Bit 4. 
16 DB3 Data Bit 3. 
17. DB2 Data Bit 2. 
18 DB1 Data Bit 1. 
19 DBO Data Bit O. Least significant parallel data input. 
20 SC8 8-Bit Short Cycle Control. When in serial mode, if SC8 is held to Logic “0”, the two least significant input latches in the input buffer 

are bypassed to provide proper serial loading of -8-bit serial words. If SC8 is held to Logic “1”, the AD7522 will accept a 10-bit serial 
word. 


Data bits 0 (LSB) and DB) are in a parallel load mode when SC8 = 0 and should be tied to a logic low state to prevent false data 
from being loaded. 


21 SPC Serial/Parallel Control. If SPC is a Logic “‘0”’, the AD7522 will load parallel data appearing on DBO through DB39 into the input buffer 
when the appropriate strobe inputs are exercised (see HBS and LBS). 
If SPC is a Logic “1’’, the AD7522 will load serial data appearing on Pin 26 into the input buffers. Each serial data bit must be 
“strobed”’ into-the buffer with the HBS and LBS. 


ap 22. LDAC Load DAC: When LDAC is a Logic “0”, the AD7522 is in the “hold”’ mode, and digital activity in the input buffer is locked out. 
When LDAC is a Logic “1”, the AD7522 is in the “load” mode, and data in the input buffer loads the DAC register. 
23 NC No Connection. 
24 ~=LBS Low Byte Strobe. When in “parallel load’’ mode (SPC = 0), parallel data appearing on the DBO (LSB) through DB7 inputs will be 


“clocked” into the input buffer on the positive going edge of the LBS. 
te" When in “‘serial load’? mode (SPC = 1), serial data bits appearing at the serial input terminal, Pin 26, will be “clocked” into the input 
buffer on the positive going edge of HBS and LBS. (HBS and LBS must be clocked simultaneously when in “serial load” mode.) 
25 HBS High Byte Strobe. When in “‘parallel load’’ mode (SPC = 0), parallel data appearing on the DB9 (MSB) and DB8 data inputs will be 
“clocked” into the input buffer on the positive going edge of HBS. 
When in “‘serial load’’ mode (SPC = 1), serial data bits appearing at the serial input terminal, Pin 26, will be ‘‘clocked” into the input 
buffer on the positive going edges of HBS and LBS. (HBS and LBS must be clocked simultaneously when in “serial load’ mode.) 


26s SRI Serial Input. 

27) Vcc ~ Logic Supply. If +5V is applied, all digital inputs/outputs are TTL compatible. If +10V to +15V is applied, eel inputs/outputs 
are CMOS compatible. 

28 DGND Digital Ground 


Note 1: Logic “‘1"’ applied to a data bit steers that bit’s current to the Igy! terminal. 


APPLICATIONS (Note: Protection Schottky CR3 in Figure 3 and CR3, CR4 in Figure 4 are not required when using 
TRI-FET amps such as the AD542 or AD544). 


UNIPOLAR OPERATION Vop Vee 


+15V +5V TO +15V 
O e 


Figure 3 shows the analog circuit connections required for 
unipolar operation. The input code/output voltage relation- 
ship is shown in Table 1. 


Zero Offset Adjustment 
1. Adjust the op amp’s offset potentiometer for <1mV on He 
the amplifier junction. (Each millivolt of amplifier Vog 
causes +0.66mV of differential nonlinearity which adds to 

the ladder nonlinearity.) 


R2 GAIN ADJ 
5002 


AD7522 
DAC 


Gain Adjustment 
1. Set Rl and R2 to 022. iad the DAC register with all 
“1's i 
2. If analog out is greater than -Vppr, increase R1 for re- 
quired full scale output. If analog out is less than -Vppr, 
increase R2 for required full scale output. 
Figure 3. Unipolar Binary Operation 
(2-Quadrant Multiplication) 
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DIGITAL INPUT 
1111111111 
1000000001 


ANALOG OUTPUT 


-Vper (1 - 2°!) 
-Vepp (1/2 + 271°) 


1000000000 | -Vpgp/2 

O11112121111 | -Vppp (1/2 - 27!) 
3710 

0000000001 | -Vpgp (271°) 


0000000000 0. 


Table 1. Unipolar Code Table 


BIPOLAR OPERATION 

Figure 4 shows the analog circuit connections required for 
bipolar operation. The input code/output voltage relationship 
is shown in Table 2. 


Zero Offset Adjustment 

1. Adjust the offset potentiometer of amplifier Al and A2 for 
<i1mV on the respective summing junctions. If the analog 
out for code 1000000000 is not zero, sum current into or 
out of the summing junction of Al for OV at analog out. 


Vop Vec 
+15V ss +5V TO +15V 
e 


ANALOG 


AD7522 OUTPUT 
DAC 


Note 1. R3 and R4 matched to 0.01%. 


Figure 4. Bipolar Operation 


Gain Adjustment 

1. Load the DAC register with all “‘0’s.”’ Set R1 and R2 to 
02. 

2. If analog out is greater than +Vpprp, increase R2 until it 
reads precisely +Vppr. If analog out is less than +Vpgr, 
increase R1 until it reads precisely Vprr. 


ANALOG OUTPUT 
-VREF (1 Vie 27) 


DIGITAL INPUT 


1111111111 


1000000001 | -Vpgp (2°) 
1000000000 0 
0111111111 Veer (2) 


0000000001 Var (1 - 2) 
0000000000 | Vpgp 


Table 2. Bipolar Code Table 


SINGLE BYTE PARALLEL LOADING 

Figure 5 illustrates the logic connections for loading single byte 
_ parallel data into the input buffer. DBO should be grounded on 
“K” and “‘T” versions, and DBO and DB1 should be grounded 
on “J” and “S” versions for monotonic operation of the DAC. 
DB9 1s always the MSB, whether 8-bit, 9-bit, or 10-bit linear 
AD7522’s are used. 


Vec 
+15V +5V TO +15V 
: e 


A07522 
D/A 
- CONVERTER 


LOAD (1)/ 
HOLD (0) 


Figure 5. Single Byte Parallel Loading 


When data is stable on the parallel inputs (DBO-DB9), it can be 
transferred into the input buffer on the positive edge of the 
strobe pulse. 


Data is transferred from the input buffer to the DAC register 
when LDAC is a Logic ‘‘1.’’ LDAC is a level-actuated (versus 
edge-triggered) function and must be held “‘high”’ at least 
0.5us for data transfer to occur. 


TWO BYTE PARALLEL LOADING 

Figures 6 and 7 show the logic connections and timing require- 
ments for interfacing the AD7522 to an 8-bit data bus for two 
byte loading of a 10-bit word. 


Voo Vec 
+15V +5V TO +15V 
O e 


A0D7522 
D/A 
CONVERTER 


~ 
[) 
| 
” 
” 
2 
oO 
4 
- 
q 
fe) 
S 
a 
«© 


Figure 6. Two Byte Parallel Loading 


DATA ~ 
BUS LEAST SIGNIFICANT : MOST SIGNIFICANT 
DATA BYTE DATA BYTE 
LOAD LEAST SIGNIFICANT 
LBS ~ BYTE INTO INPUT REGISTER 
: _ LOAD MOST SIGNIFICANT 
HBS BYTE INTO INPUT REGISTER 
UPDATE DAC 
LDAC OUTPUT 


Figure 7. Timing Diagram 


First, the least significant data byte (DBO through DB7) is 
loaded into the input buffer on the positive edge of LBS. Sub- 
sequently, the data bus is used for status indication and 
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Or s\ shila AP iin * Se oat 
Per y Rr ASage gies : 


instruction fetching by the CPU. When the most significant © | APPLICATION HINTS 


_ data byte (DB8 and DB9) is available on the bus, the input 1. CR1 and CR2 on Figures 3 and 4 protect the AD7522 
buffer is loaded on the positive edge of HBS. The DAC register against latch-up Voc exceeds Vpp, and may be omitted 
updates to the new 10-bit word when LDAC is “high.” LDAC if Vpp and Vcc are driven from the same voltage. 


may be exercised coincident with, or at any time after HBS 


loads the second byte of data into the input buffer. 2. Diodes CR3 on Figure 3 and CR3 and CR4'on Figure 4 


clamp the amplifier junction to -300mvV if they attempt 


SERIAL LOADING = to swing negative during power up or power down. The in- 
Figure 8 and Figure 9 show the connections and timing put structures of some high-speed op amps can supply 
diagram for serial loading. — substantial current under the transient conditions en- 
To load a 10-bit word (SC8 = 1), HBS and LBS must be strobed countered during power sequencing. It is recommended 
simultaneously with exactly 10 positive edges to clock the that the PC layout be able to accommodate the diodes. 
serial data into the input buffer. For 8-bit words (SC8=0), only 3° Fact op amps will require phase compensation for stability 
8 positive edges are required. | due to the pole formed by COyT1 or COUT2 and 

Vec Vow RFEEDBACK: 

+5V TO +15V + 15V ; Z : : : 
° 4. During ‘serial loading, all data inputs (DBO through BD9), 


should be grounded. 


SERIAL 
DATA OUT 


LOGIC “C’ FOR 8-BIT MODE 


PARALLEL LOGIC “1° FOR 10-BI1T MODE 


DATA INPUTS 


‘Figure 8. Serial 8- and 10-Bit Loading 
(Analog Outputs Not Shown for Clarity) 


BITS 
[as SERIAL DATA S85 | ro.cits.e| 
089 DBO 
sp [age | 288 | 087 | vee | oes | ose | os | vse | oer | PEs 
( 
- CLOCK IN : 2 63 4. 5 6 7 8 9 10 
iy 
LOAD DAC ‘ 
(10-BIT MODE) UPDATE TIME — | 
CLOCK IN 1 2 3 4 5 6 7 8 
LOAD DAC 
(8-81T MODE) UPDATE TIME 


Figure 9. Timing Diagram for Serial 8- and 10-Bit Loading 
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ANALOG CMOS” 
DEVICES 8-Bit Multiplying D/A Converter — 


AD7923 


FEATURES AD7523 FUNCTIONAL BLOCK DIAGRAM 
Low Cost . 
Fast Settling: 100ns - Vrer O 


Low Power Dissipation 
Low Feedthrough: “~LSB @ 200kHz 
Full Four-Quadrant Multiplying 


APPLICATIONS : O ouT2 
Battery Operated Equipment . O ouT! 
Low Power, Ratiometric A/D Converters 
Digitally Controlled Gain Circuits 
Digitally Controlled Attenuators 

CRT Character Generation 

Low Noise Audio Gain Control 


O Rreepsack 


BIT 1 (MSB) BIT 2 BIT 3 BIT 8 (LSB) 
DIGITAL INPUTS 


PIN CONFIGURATION 


GENERAL DESCRIPTION 

The AD7523 is a low cost, monolithic multiplying digital-to- 
analog converter packaged i in a 16-pin DIP. The device uses an 
advanced monolithic, thin-film-on-CMOS technology to pro- (NOT TO 
vide 8-bit resolution with accuracy to 10-bits and very low er 
power dissipation. 


The AD7523’s excellent multiplying characteristics and low 
cost allow it to be used in a wide ranging field of applications 
such as: low noise audio gain control, CRT character genera- 
tion, motor speed control, digitally controlled attenuators, etc. 


ORDERING INFORMATION 


ae Operating 
Model Linearity Temperature Range 
AD7523JN +1/2LSB 
AD7523KN +1/4LSB = 0 to. +70°C 
AD7523LN +1/8LSB 
AD7523AD +1/2LSB 
AD7523BD +1/4LSB 95°C to +85°C 
AD7523CD ~—s #1/8LSB. 
AD7523SD +1/2LSB 


-~55°C to +125°C 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP — (D16B) 
Suffix N: Plastic DIP — (N16B) 


1 See Section 20 for package outline information. 
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SPECIFICATIONS (Vpp = +15V, Vref = +10V unless otherwise noted) 


s. PARAMETER Ta = +25°C Ta = Tmin tO Tmax . TEST CONDITION 
STATIC ACCURACY 
. Resolution 8 Bitsmin- 8 Bits min 
a Nonlinearity! 
AD7523JN, AD, SD +1/2LSB max (40.2% FSR max) +1/2LSB max (40.2% FSR max) Vout1 = Vout2 = 9V 
AD7523KN, BD +1/4LSB max (+0.1% FSR max) +1/4LSB max (£0.1% FSR max) 
AD7523LN, CD +1/8LSB max (40.05% FSR max) +1/8LSB max (40.05% FSR max) 
Monotonicity Guaranteed over Tin tO Tmax Vouti = Yout2 = 9V 
Gain Error’ '? -1.5% of FSR min, +1.5% of FSR max _- 1.8% of FSR min, +1.8% of FSR max Digital Inputs = Ving 
Power Supply Rejection (Gain)'»? 0.02% per % max 0.03% per % max Vpp = t14V to +15V 


Digital Inputs = Ving 
Output Leakage Current 


louti (pin 1) +50nA max +200nA max Vouti1 = Yout2 = ©Y> Veer = +10V 
ce Digital pnpues= = ViINL. 


Digital Inputs = Vea. 


DYNAMIC PERFORMANCE 
Output Current 
Settling Time* 150ns max 200ns max To 0.2% FSR, Load = 100Q 
Digital Inputs = Ving, to Ving. OF 
Vine °° Vini 
Feedthrough Error*s* +1/2LSB max +1LSB max Digital Inputs = Vin 


Veer = 20V p-p, 200kHz sinewave 


REFERENCE INPUT 
Input Resistance (pin 15) §5kQ min, 20kQ max ; Vouti = Yout2 = OV 
Temperature Coefficient -500ppm/°C max 


ANALOG OUTPUTS‘ 
Output Capacitance 


Couti (pin 1) 100pF max 100pF max Digital Inputs = Ving 
CouTz2 (Pin 2) 30pF max 30pF max 

Cour (pin 1) 30pF max 30pF max Digital ‘Inputs = VINL 
CouTz2 (pin 2) 100pF max 100pF max 


DIGITAL INPUTS 
Logic Thresholds 


‘VINH +14.5V min +14.5V min 
VINL +0.5V max +0.5V max 
Input Leakage Current 
lin (per input) t1uA max +1uA max Vin = OV or +15V 
. Input Capacitance 
Cin4 4pF max 4pF max 
Input Coding — Unipolar Binary of Offset Binary (see next page) 
POWER REQUIREMENTS 
Vpp Range +5V min, +16V max +5V min, +16V max Device Functionality. Accuracy 
is tested and guaranteed only at 
Ipp S and all /883B versions 200UA max SOOUA max Vpp = +15V 
Ipp J, K, L, A, B, C versions 100uA max . 100”UA max Digital Inputs = Vingy Or Ving. 
NOTES: | 
1 FSR is Full Scale Range. 
? Using internal feedback resistor, Full Scale Range (FSR) is equal to (VpFF - 1LSB) in the unipolar circuit on the next page. 
° Max gain change from +25°C to Tmin OF Tmax is 0.3% FSR. 
+ Guaranteed by design. Not subject to test, 
5To minimize feedthrough with the ceramic package, the user must ground the metal lid. 
Specifications subject to change without notice. 
ABSOLUTE MAXIMUM RATINGS 
(Ty, = +25 °C unless otherwise noted) Power Dissipation (package) 
° . 
Von tO GND iit bo un eoe nd aokhcoke Seen ae -OV, +17V OPO eee ae precdat ony O70mw 
VA toGND 4 a dcaunte nee meee nee coven +25V Derate Above +70 Cby...... bee ee wees wena 
+ i eer ee ee + 

Digital Input Voltage (Vy) toGND........-0.3VtoVpp  OPerating Temperature. . . . F ee hes 
Vouti> VouT2 (pin 1, pin 2) to GND....... -0.3V to Vpp Storage Temperature ............. ...765 Cto +150 C 


Lead Temperature (Soldering, 10 seconds)........ +300 C | 
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: Applying the AD7523_ 


CAUTION: , 


1. ESD sensitive device. The digital control inputs are Zener protected; however, permanent damage may occur rt 
on unconnected devices subjected to high energy electrostatic fields. Unused devices must be stored in con- . 
ductive foam or shunts. 


2. Do not apply voltages lower than ground or higher the Vpp to any pin except Vpgp (pin 15) and Rep (pin 16). 


3. The inputs of some IC amplifiers (especially wide bandwidth types) present a low impedance to V" during 
power-up or power-down sequencing. To prevent the AD7523 OUT1 or OUT2 terminals from exceeding 
-300mV (which causes catastrophic substrate current) a Schottky diode (HP5082-2811 or equivalent) is 
recommended. The diode should be connected between OUT1 (OUT2) and ground as shown in Figure 1 
and 2. Protection diodes are not required when using TRI-FET amplifiers such as the AD542 or AD544. 


BASIC OPERATION DIGITAL INPUT ANALOG OUTPUT 
MSB LSB 
255 
11111111 -VREF (333) 
10000001 Vase (355) 
10000000 ~Vasr (32) = “HEE 
127 ) 
00000001 Vaer (535) 10 
ae 
00000000 -V (sez )=0 | 
GND \/ 1. RT AND R2 USED ONLY IF GAIN REF \256 a 
ADJUSTMENT IS REQUIRED. : 
2. CR1 PROTECTS AD7523 AGAINST 
NEGATIVE TRANSIENTS. SEE -8 1 
OFTHISPAGE. Note: 1LSB = (2°)(Vpgp) = (37) (VrEF) 
Figure 1. Unipolar Binary Operation 
(2-Quadrant Multiplication) Table 1. Unipolar Binary Code Table 
£10V +15V 
VReF Vop 
° ° DIGITAL INPUT ANALOG OUTPUT 
MSB LSB 
11111111 -Vper (152) 
INPUTS | Anyees 10000001 ~Vrer (739) 
10000000 0 
01111111 Veer (i338) 
00000001 +Vper (754) 
128 
00000000 +V (i33 
NOTES: REF 1 8 
1. R3/R4 MATCH 0.1% OR BETTE 
2. R1,R2 USED ONLY IF GAIN ADJUSTMENT 
3. eS HECUIEED: TO ADJUST Voyz = OV AT 7 1 
U _— ° ~— 
4. CR1& CR2 PROTECT AD7523 AGAINST Note: 1LSB = (2 \VREF) = (s35 sz) (VREF) 
NEGATIVE TRANSIENTS. SEE “CAUTION” 
NOTE 3 AT TOP OF THIS PAGE. 


Figure 2. Bipolar (4-Quadrant) Operation Table 2. Bipolar (Offset Binary) Code Table 
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APPLICATIONS | 
DIVIDER (DIGITALLY CONTROLLED GAIN) 


DATA INPUT “D” +15V 
ew°_ Voo 


where: Ay = Voltage Gain 


BIT 2 BIT8 
ey 
22 28 
(BIT N = 1 or O) 


EXAMPLES © 


D = 00000000, Ay = -Ag, (OP AMP) 


D = 00000001, Ay, = -256 
256 __» 
1 


D = 10000000, Ay = - 438 


D = 11119111, Ay =- 38 
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POWER GENERATION 


+10V +15V 
Vaer Vop 


BIT 1 (MSB) 
DATA | AD7523 1 ae j 
INPUT “D"* OV; 
(| Bits (LSB) * r 


AD7523 
#2 


ouT2 O V2 


O Vn 


\/ CIRCUIT EQUATIONS 
V1 = -(Vreg )(D) 
V2 = +(Vpeg) (D2) 


V, = -(Vaeg)(D"), n an odd integer 


Vn = +(Vpeg)(D"), n an even integer 


ANALOG 
DEVICES 


FEATURES 

Microprocessor Compatible (6800, 8085, 280, Etc.) 
TTL/CMOS Compatible Inputs 

On-Chip Data Latches 

End Point Linearity 

Low Power Consumption 

Monotonicity Guaranteed (Full Temperature Range) 
Latch Free (No Protection Schottky Required) 


APPLICATIONS 

Microprocessor Controlled Gain Circuits 
Microprocessor Controlled Attenuator Circuits 
Microprocessor Controlled Function Generation 
Precision AGC Circuits 

Bus Structured Instruments 


GENERAL DESCRIPTION 
The AD7524 is a low cost, 8-bit monolithic CMOS DAC 
designed for direct interface to most microprocessors. 


Basically an 8-bit DAC with input latches, the AD7524’s load 
cycle is similar to the “‘write” cycle of a random access mem- 
ory. Using an advanced thin-film on CMOS fabrication 
process, the AD7524 provides accuracy to 1/8LSB with a 
typical power dissipation of less than 10 milliwatts. 


A newly improved design eliminates the protection Schottky 
previously required and guarantees TTL compatibility when 
using a +5V supply. Loading speed has been increased for 
compatibility with most microprocessors. 


Featuring operation from +5V to +15V, the AD75 24 inter- 
faces directly to most microprocessor buses or output ports. 
Excellent multiplying characteristics (2- or 4-quadrant) make 
the AD7524 an ideal choice for many microprocessor control- 
led gain setting and signal control applications. 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP — (D16B) 
Suffix N: Plastic DIP — (N16B) 


1 See Section 20 for package outline information. 


cMos 


g- Bit Buffered Multiplying DAC 


CHIP SELECT O 


WRITE O 


DB7 DB6 DBS DBO 


DATA INPUTS 


ORDERING INFORMATION 


Temperature Range 


Nonlinearity 


|. ° ° 
(Vpp =+5Vto+15V) -55 Cto +125 C 


+1/2 LSB 
+1/4 LSB 
+1/8 LSB 


AD7524JN 
AD7524KN 
AD7524LN 


AD7524AD 
AD7524BD 
AD7524CD 


AD7524SD 
AD7524TD 
AD7524UD 


PIN CONFIGURATION 


AD7524 


TOP VIEW 
(NOT TO SCALE) 
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SPECIFICATIONS (VREF=+10V, VoUT1 = VOUT2 = OV unless otherwise noted) 


. LIMIT, Ta = +25°C LIMIT, Tun, Tmax? 
PARAMETER Vpp = +5V Vpp =+15V_ - Vpp = 5V Vpp = +15V UNITS TEST CONDITIONS/COMMENTS 
STATIC PERFORMANCE 
Resolution 8 8 . 8 : 8 Bits 
Relative Accuracy 
AD7524JN, AD, SD +0.2 +0.2 £0.2 +0.2 % FSR max 
AD7524KN, BD, TD 0.2 +0.1 0.2 +0.1 % FSR max 
AD7524LN, CD, UD +0.2 +0.05 +0.2 +0.05 % FSR max 
Monotonicitv guaranteed guaranteed ~ guaranteed guaranteed 
Gain Error? +1.0 +0.5 +1.4 +0.6 % FSR max 
Average Gain TC? +0.004 +0.001 +0.004 +0.001 % FSR/°C Gain TC measured from +25°C to 
Tmin or from +25°C to Tmax 
dc Supply Rejection, AGain/AVpp 0.08 0.02 0.16 0.04 % FSR/% max AVpp = t10% 
0.002 0.001 . 0.01 0.005 % FSR/% typ 
Output Leakage Current 
lout1 (Pin 1) +50 +50 +400 +200 nA max DBO-DB7 = OV; WR, CS = OV; VrgF = +10V 
lour2 (Pin 2) +50 +50 +400 +200 nA max DBO-DB7 = Vpp; WR, CS = OV; Vref = t10V 
een) 
DYNAMIC PERFORMANCE : 
Propagation Delay? (From digital input 
to 90% of final analog output current) eee 
AD7524JN, KN, LN, AD, BD, CD 150 65 175 80 ns max OUT1 Load = 1002, Cexzy = 13pF;WR, CS = 
AD7524SD, TD, UD 150 65 200 90 " ns max OV; DBO-DB7 = OV to Vpp or Vpp to OV. 
ac Feedthrough? 
at OUT1 0.25 0.25 0.5 3 0.5 % FSR max VreE = t10V, 100kHz sine wave; DBO-DB7 = 
at OUT2 0.25 0.25 0.5 0.5 % FSR max OV; WR, CS = OV 
REFERENCE INPUT ; 
Rin (pin 15 to GND)* 5 5 5 5 kQ min 
20 20 20 20 kQ max 
ANALOG OUTPUTS 
Output Capacitance? 
Cour: (pin 1) 120 120 120 120 pF max DBO-DB7 = Vpp; WR, CS = 0V 
CouT2 (pin 2) 30 30 30 30 pF max Fares 
Cout1 (pin 1) 30 30 30 30 pF max DBO-DB7 = OV; WR, CS = OV 
Coutz2 (pin 2) 120 120 120 120 pF max 
DIGITAL INPUTS 
Input HIGH Voltage Requirement 
Vin +2.4 +13.5 +2.4 +13.5 V min 
Input LOW Voltage Requirement 
VIL . +0.8 +1.5 +0.8 +15 V max 
Input Current 
-. UN +1 +1 +10 +10 yA max Vin = OV or Vpp 
_ Input Capacitance? 
DBO-DB7 5 5 5 5 " pF max VIN = OV 
WR, CS 20 20 20 20 pF max Vin = OV 
SWITCHING CHARACTERISTICS 
Chip Select to Write Setup Time® See timing diagram 
Ss twR = tcs 
AD7524JN, KN, LN, AD, BD, CD 170 100 220 130 ns max 
AD7524SD, TD, UD 170 100 240 150 ns max 
Chip Select to Write Hold Time 
'CH F 
All Grades 0 O- 0 4) ns min 
Write Pulse Width 
tWR a tcs  twr; tcH 2 0 
AD7524JN, KN, LN, AD, BD, CD 170 100 220 130 ns min 
AD7524SD, TD, UD 170 100 240 150 ns min 
Data Setup Time 
tps . 
AD7524JN, KN, LN, AD, BD, CD 135 60 170 80 ns min 
AD7524SD, TD, UD 135 60 170 100 ns min 
Data Hold Time 
"DH ; 
des 10 10 10 10 ns min 
POWER SUPPLY 
Ipp 1 2 2 2 mA max All Digital Inputs Vip or Vin 
100 100 500 500 uA max All Digital Inputs OV or Vpp 


NOTES: 
! Temperature Ranges as follows: AD7524JN, KN, LN; 0 to +70°C 

age AD7524AD, BD, CD; -25°C to +85°C 

AD7524SD, TD, UD; -55°C to +125°C 

2 Gain error is measured using iniernal feedback resistor. Ideal Full Scale Range (FSR) = (VpEF -1LSB) as shown in Table 1. 
3 Guaranteed, not tested. 
“DAC thin film resistor temperature coefficient is approximately -300ppm/°C. 
5 AC parameter, sample tested @ 25°C to ensure conformance to specifications. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
(Ta = +25°C unless otherwise noted) 


VppitO GND 5: Acc0's bau im ee ORE ep Gyhes -0.3V, +17V WARNING! WS 
VrrptoGND.........00 cece ne cvcevcececus +25V : 
VREF tO GND) 2.ae x fiw ie i Oe eRe +25V -ESD SENSITIVE AP. 

Digital Input Voltage toGND............ -0.3V to Vpp 

VoutT1, VouT2 (pin 1, pin2)toGND....... -0.3V to Vpp CAUTION 

Power Dissipation (package) ' 

Plastic (N Suffix) 1. ESD sensitive device. The digital control inputs are 
T0470 Ch) 2 tacts sem died eandhrn ees 670mW zener protected; however, permanent damage may 
Derate above +70°C by............000005 8.3mW/°C occur on unconnected devices subjected to high 

Ceramic (D Suffix) energy electrostatic fields. Unused devices must be 
TOD Carer che ia enews beau 450mW stored in conductive foam or shunts. 

Derate above +75 Cby....... 0c eee eee 6mW/°C 2. Do not apply voltages lower than ground or higher 

Operating Temperature than Vpp to any pin except VREF (pin 15) and 
Commerical (JN, KN, LN) Grades.......... 0 to +70°C Rep (pin 16). 

. fe] ° 
Industrial (AD, BD, CD) Grades........ -2 5 C to ue 3, Do not insert this device into powered 
Military (SD, TD, UD) Grades........ -5 26 to +1 25 ¢ sockets. Remove power before insertion 

Storage Temperature ..........-.000. -65 Cto +1 0'¢ or removal. 

Lead Temperature (Soldering, 10 seconds)........ +300-C | 

TERMINOLOGY 

RELATIVE ACCURACY: A measure of the deviation from GAIN: Ratio of the DAC’s full scale output voltage to 
a Straight line through the end points of the DAC transfer the ideal output voltage. Ideal full scale output is VREF 
function. Normally expressed as a percentage of full scale - 1LSB. Gain error is adjustable to zero. 


range. For the AD7524 DAC, this holds true over 
the entire Vpgr range. 


RESOLUTION: Value of the LSB. For example, a unipolar 


FEEDTHROUGH ERROR: Error caused by capacitive | 
coupling from Vref to output with all switches OFF. 


converter with n bits has a resolution of (2-") (VpgF). A OUTPUT CAPACITANCE: capac from OUT1 and OUT2° 

bipolar converter of n bits has a resolution of [2-(9-1)] terminals to ground. 

[VrEF]. Resolution in no way implies linearity. OUTPUT LEAKAGE CURRENT: Current which appears on 
PROPAGATION DELAY: Time required for the output cur- OUT1 terminal with all digital inputs LOW or on OUT2 

rent to reach 90% of its final value from a given digital terminal when ali inputs are HIGH. This is an error current 

input stimulus, i.e., 0 to Full Scale. which contributes an offset voltage at the amplifier output. 
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CIRCUIT BESCRIPTION 
CIRCUIT INFORMATION 


The AD7524, an 8-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and eight N-channel 
current switches on a monolithic chip. Most applications re- 
quire the addition of only an output operational amplifier and 
a voltage or current reference. _ 


The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used — that is, the binarily weighted 
currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg inde- 
pendent of the switch state. 


VReEF 


OUT2 
OUT1 


RE EEDBACK 


DBO (LSB) 
Figure 1. AD7524 Functional Diagram 


e@ e @ 
DB7 (MSB) DB6 DBS 


EQUIVALENT CIRCUIT ANALYSIS 

The equivalent circuit for all digital inputs LOW is shown in 
_Figures 2. In Figure 2 with all digital inputs LOW, the refer- 
- ence current is switched to OUT2. The current source 
ILEAKAGE is composed of surface and junction leakages to 


the substrate while the +4~ current source represents a con- 
stant 1-bit current auieeoush the termination resistor on 
the R-2R ladder. The ‘‘ON”’ capacitance of the output N-chan- 
nel switches is 120pF, as shown on the OUT2 terminal. The 
“OFF” switch capacitance is 30pF, as shown on the OUT1 
terminal. Analysis of the circuit for all digital inputs high is 
similar to Figure 2 however, the ‘‘ON” switches are now on 
terminal OUT1, hence the 120pF appears at that terminal. 


Figure 2. AD7524 DAC Equivalent Circuit — All Digital 
_ Inputs Low 


INTERFACE LOGIC INFORMATION 


MODE SELECTION oats cee 
AD7524 mode selection is controlled by the CS and WR 
inputs. 


WRITE MODE 
When CS and WRare both LOW, the AD7524 is in the WRITE 
mode, and the AD7524 analog output responds to data activ- 
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ity at the DBO-DB7 data bus inputs. In this mode, the AD7524 
acts like a nonlatched input D/A converter. 


HOLD MODE _ 

When either CS or WR is HIGH, the AD7524 is in the 
HOLD mode. The AD7524 analog output holds the value cor- 
responding to the last digital input present at DBO-DB7 prior 
to WR or CS assuming the HIGH state. 


MODE SELECTION TABLE 
oe ee, DAC RESPONSE 
Write DAC responds to data bus 
(DBO — DB7) inputs 


Data bus (DBO — DB7) is 
locked out; 


DAC holds last data present 
when WR or CS assumed 
HIGH state. 


L = Low State, H = High State, X = Don’t Care. 


WRITE CYCLE TIMING DIAGRAM 


CHIP SELECT 


WRITE 


VI DATA IN 


Vit 


NOTES: 

1. All input signal rise and fall times measured from 
10% to 90% of Vop. Vpp = +5V, t, = te = 20ns; 
Vop = +15V, t, = te = 40ns. 


2. Timing Measurement Reference level is 


Vin + Vin 
2 


3. tps + toH is approximately constant at 145ns min 
at +25°C, Vpp = +5V and tw, = 170ns min. The 
AD7524 is specified for a minimum tpy of 10ns, 
however, in applications where tpy > 10ns, tps 
may be reduced accordingly up to the limit tps = 
65ns, toy = 80ns. 


1,400 


Ta =+25'C 
ALL DIGITAL INPUTS 
Vpp =+15V_—=SsTIED TOGETHER 


dial 

Eide eRe 

Teetof {AL | ELT 
ffi ht | tf: 

NCEE 

2) sae RSE 

VNEEESSt 


14 
Figure 3. Supply Current vs. Logic Level 


+15V) 


800 


(AG+ = O9,) yr ‘GG, 


Ippo, MA (Vop 


400 


200 


oie VOLTS 


Typical plots of supply current, Ipp, versus logic input volt- | 
age, Vjn, for Vpp = +5V and Vpp = +15V are shown above. 


Applying the AD7524 


ANALOG CIRCUIT CONNECTIONS 


OVout 
AD544, AD517 
OR SIMILAR 


1, R1 AND R2 USED ONLY IF GAIN 
ADJUSTMENT IS REQUIRED. 


2. C1 PHASE COMPENSATION (10pF-15pF) 
1S REQUIRED WHEN USING HIGH SPEED 
AMPLIFIERS TO PREVENT RINGING OR 
OSCILLATION. 


Figure 4. Unipolar Binary Operation 
(2-Quadrant Multiplication) 


DIGITAL INPUT 


MSB LSB 


ANALOG OUTPUT 


11111111 

10000001 -VREF (55) 
10000000 -VREF (325 ) = ut 
01111111 -VREF (522) 
00000001 -VREF (s30) 
00000000 ( } 


Note: 1LSB = (2°8)(Vpgp) = saz (Veer) 


Table 1. Unipolar Binary Code Table 


MICROPROCESSOR INTERFACE 


ADDRESS 
BUS 


cs 
wR AD7524* 
DB0-087 


“ANALOG CIRCUITRY HAS BEEN OMITTED 
FOR CLARITY. 


Figure 6. AD7524/8085A Interface 


DATA 


inputs §_“S8 


+10V (ac or dc) 
VrerF Vopo 
O) e 


NOTES: 

1. ADJUST R1 FOR Vout = OV AT CODE 10000000. 

2. C1 PHASE COMPENSATION (10 - 15pF) MAY BE 
REQUIRED IF A1 1S A HIGH SPEED AMPLIFIER. 


Figure 5. Bipolar (4-Quadrant) Operation 


DIGITAL INPUT 


LSB ANALOG OUTPUT 


MSB 


11111111 *Vper (i355) 
10000001 + Veer (a8) 
10000000 0 
01111111 - Veer (73) 
00000001 VREF (53) 
00000000 (a 


= ae 
128 


*ANALOG CIRCUITRY HAS BEEN OMITTED 
FOR CLARITY. 


Figure 7. AD7524/MC6800 Interface 
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POWER GENERATION _ DIVIDER (DIGITALLY CONTROLLED GAIN) 


1. 


v¢ ‘ 
DATA 
INPUT “D” 


DB7 (MSB) 


VRer Vpo 


15 14 


AD7524 


15 


14 


AD7524 


Vv; 


16 


V2 


16 


Vo 


CIRCUIT EQUATIONS 
V, = —(Vrer) (D) 
V2 = +(Vrer) (D7) 

Va = —(Verer) (D"), n an odd integer 


Va = + (Veer) (D"), n an even integer 
WHERE: 


and 
DB, = 10r0 
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DATA eae 
INPUT “D” CS: WR Vop 


EQUATIONS 


-V 
Vout = je 


Ay = your ae > WHERE: Ay = VOLTAGE GAIN 


and where: 


p = DB7,DB6, DBO 
21 22 28 
DBy = 1or0 


EXAMPLES 


D = 00000000, Ay = —Ao, (OP AMP) 
D = 00000001, Ay = —256 


DB7, DB6 DBO 
p= 087, Dee. D = 10000000, Ay =- 226 = -2 


256 


D = 11111111, Ay = - 355 


ANALOG 
IDEVICES 


3% Digit BCD Monolithic CMOS 
Digitally Controlled Potentiometer 


AD7925. 


FEATURES 

Resolution: 3 1/2 Digit BCD (1999 Counts) 
Nonlinearity: +1/2LSB Tin to Tmax 

Gain Error: +0.05% FS 

Excellent Repeatability Accuracy 

Low Power Dissipation 


APPLICATIONS 

Thumbwheel Switch Voltage Dividers 
Digitally Controlled Gain Circuits 
Digitally Controlled Attenuators 
BCD Multiplying DACs 

Low Power Converters 


GENERAL DESCRIPTION 
The AD7525 is a monolithic CMOS 3% digit BCD digitally 
controlled potentiometer designed for precision incremental 
voltage-divider applications. 


With the addition of an external op amp, the output can be 
digitally controlled from 0 to 1.999Vpy with resolution of 
0.001Vin. 


AC or DC voltage up to +10V can be applied to the input 
providing high application flexibility in fields such as audio 
gain control, etc. 


Digital control, excellent repeatability and 0.05% accuracy 
make the AD7525 an ideal replacement for 10-turn poten- 
tiometers or thumbwheel switch voltage dividers! using’ 
discrete resistor networks, 


Packaged in an 18-pin DIP, the AD7525 uses an advanced 
CMOS fabrication process combined with wafer laser trimming. 


ORDERING INFORMATION 


Package’ and Nonlinearity Nonlinearity 
Temperature +1/2LSB +1LSB 
18-Pin Plastic (N18B) 
0 to +70°C AD7525LN AD7525KN 


18-Pin Ceramic (D18B)| AD7525CD AD7525BD 
-25°C to +85°C AD7525CD/883B"| AD7525BD/883B~ 
18-Pin Ceramic (D18B) | AD7525UD AD7525TD 
-55°C to +125°C AD7525UD/883B"| AD7525TD/883B2 


1 See Section 20 for package outline information. 
2 100% screened to MIL-STD-883, method 5004, para. 3.1.1 through 
3.1.12 for. class B device. 


AD7525 FUNCTIONAL BLOCK DIAGRAM 


1.0 DIGIT O 


O 

0.1DIGIT< “© 
@ 

e 

e 

e 

0.01 DIGIT< 5 C 
O 

O 

0.001 DIGIT x 
O 


—-N &@ - NN & @ 


— ny &2o@ 


AD7525 
814] (wot toscate) (5)! 


4 2 
0.1 DIGIT 0.001 DIGIT 
4 


1 
hoo DIGIT 
2 


8( 8 | 
0.01 DIGITS | 


18-PIN DIP 
TOP VIEW 
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. SPECIFICATIONS (Vpp=+15V; Vpini = OV; VIN=+10V unless otherwise stated) 


PARAMETER Ty = 425°C oo nes . CONDITION 4 
ACCURACY 
Resolution! : 1 part in 2000 1 part in 2000 
Nonlinearity?» ° 
AD7525KN, BD, TD +1LSB max +1LSB max BCD 0.000 to 1.999 
AD7525LN, CD, UD +1/2LSB max +1/2LSB max BCD 0.000 to 1.999 
Gain Error®»4 +0.05% FS typ = BCD'= 1.999 
Gain TC +25ppm/°C max 7 BCD = 1.999 
Output Leakage Current (pin 1) 100nA max 400nA max BCD = 0.0000 
DYNAMIC PERFORMANCE 
Switching Time lps max* luis max® Vin = +5V, Rout (pin 1) 
= 10022, Digital Inputs = 
Vit to Viy or ViL> 
VpIN1 Measured from 
10% to 90% 
Feedthrough Error +0.05%Vin max® +0.1% Vin, max® Vin = £10V, 20kHz sinewave 
ANALOG INPUT 
Input Resistance (pin 17)? 2kQ min/10kQ max 2kQ min/10kQ max 
Vin Range (recommended) +10V max +10V max 
ANALOG OUTPUT . 
Output Capacitance 
Cour (pin 1) 60pF max°® 60pF max® | Digital Inputs = BCD 0000 
| | 200pF max® 200pF max® Digital Inputs = BCD 1999 
Rpg Resistance (pin 18 to pin 1)’ 8kQ min/40kQ2 max 8kQ min/40kQ max 
DIGITIAL INPUTS \ 
Input HIGH Voltage 
Vin? +14.5V min +14.5V min 
Input on Voltage 
Vit? +0.5V max +0.5V max 
Input Leakage Current t1IUA mex +10UA max Digital Input = OV or Vpp 
Input Capacitance 5pF max® 5pF max® 
Input Coding 3% Digit BCD (1999 Cou nts) 3% Digit BCD (1999 Counts) 
POWER SUPPLY : 
Vpp Range +5V to+17V +5V to+17V | Functional with 
Degraded Performance 
Vpp +15V+5% +15V t5% Rated Accuracy 


Ipp° SOOUA max 1mA max Digital Inputs = Viz or Viy 


NOTES: 

‘Commercial devices are sample tested over temperature. 

2 Monotonicity is guaranteed on the AD7525LN, CD and UD versions over Tin to Tmax- 

> Final electrical tests on 883B screen parts are: Gain Error, Nonlinearity, Vin» VIL» Digital Input Leakage Current 
and Ipp at +25°C and +125°C (TD/883B Version) or +25°C and +85°C (BD/883B Version). 

“Gain Error is measured using the AD7525 internal feedback resistor. FS is ‘Full Scale” (BCD = 1.999). 

5 AC parameter, sample tested at +25°C to ensure conformance to specification. 

6 Guaranteed, not tested. 

7 Thin Film resistor temperature coefficient is approximately -300ppm/°C. 


Specifications subject to change without notice. 
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CAUTION 


1, ESD (electro-static discharge) sensitive device. The digital control inputs are zener protected; however, permanent 
damage may occur on unconnected devices subjected to high energy electrostatic fields, Unused devices must be stored in 
conductive foam or shunts. The protective foam should be discharged to the destination socket before devices are removed. 


. Do not apply voltages more negative than GND or more positive than Vpp to any pin except Vyx (pin 17) and Rp (pin 18). 


. The inputs of some IC amplifiers (especially high speed types) present a low impedance to V— during power sequencing. 
To prevent the AD7525 OUT terminal (pin 1) from exceeding —300mV (which causes catastrophic substrate current), 
a Schottky diode, HSCH 1001 or equivalent, is recommended. While not required for most amplifier types, provision _ 
for the diode should be made during layout. The diode should be connected between OUT (pin 1) and GND (pin 2) 
as shown in Figure 4. Protection Schottkys not required when using TRI-FET output amplifiers such as the AD542 


or AD544. g 
ABSOLUTE MAXIMUM RATINGS Referring to Figure 1, the ‘1.0 Digit” is a 1-bit multiplying 
(Ta = 25°C unless otherwise noted) | DAC (composed of SW, and Rj) while the 0.1, 0.01, and 
Vpp (to GND)......... Get steiniy Si zcea, fect ER Ss -0.3V,+17V 0.001 digits are 4-bit multiplying DAC’s (DAC1, DAC2, 
MIN CIGIGND ) a, nesicare. tate de gn Ss ad a eR ee a OS ZV. and DAC3) connected by 10:1 dividers (composed of 
Rep (6O°GND vit a09 each alle et ete eae oP Ee See Sars +25V RIN2,; R2, R3 and RIN3; R4, R5. 
Digital Input Voltage (to GND) ........... ~0.3¥ to Vpp DAC1 is expanded to show the R/2R ladder and switch 
VpINT [tO GND) 5255 epee ne neat = 0:9 V LOY DD network. With input voltage Vyn, the currents in each shunt 
power epee (Package) arm are (starting at the left) Vyjnj/2R, Vin/4R, Vin/8R and 
Plastic (Suffix N) Vin/16R. A logic ONE applied to a digital input steers that 
TOO ast &3 te eae eee ee eep me e 670mW shunt arm’s current to OUT, while a logic ZERO steers the 
Derates above +70 Cby..............05. 8.3mW/ C earhent <6-CND: 10 
Ceramic (Suffix D) 
TG 15 Ge da. fe ceennn oS iiss ieee 450mW | + se 
Derates above +75°C De od orien uit Se 2... .6mW/°C Vin 
Operating Temperature y in~0.438R sw | wes 
Commercial Plastic (KN, LN Versions) ....... 0 to +70°C 1.0DIGITO— — — — ———--—- ; ge 
Industrial Ceramic (BD, CD Versions)... .-2 5°C to +85°C : 
Military Ceramic (TD, UD Versions)... . -55°C to +125°C 
rR V2 R V3 R Va DAC# 
TERMINOLOGY 
,SWITCHING TIME: Ina D/A converter, the switching time is ORFs 
the time taken for an analog switch to change to a new state GN 1.6R 
from the previous one. It includes delay time, and rise time aa DIGIT > OUT 


from 10% to 90%, but does not include settling time, which 
is a function of the output amplifier used. 
R2=1.3636R 
OUTPUT CAPACITANCE: Capacitance from OUT terminal 
(pin 1) to ground. 
DAC #2 


FEEDTHROUGH ERROR: Error caused by capacitive 0.01 DIGIT ice AGGCE 
coupling from Vy, (pin 17) to OUT (pin 1) with all digital : 
inputs LOW. Bae 


PRINCIPLES OF OPERATION 


CIRCUIT DESCRIPTION Roni pick DAC #3 
The AD7525, a 3% digit BCD multiplying DAC, consists of eer 
a thin-film R/2R ladder, interquad voltage dividers and 

13 N-channel MOS SPDT current steering switches. Most 
applications require the addition of only an external oper- 
ational amplifier. Figure 1. AD7525 Circuit Diagram 
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EQUIVALENT CIRCUIT 

As shown in Figure 2, the AD7525 is a digitally controlled 
m-network attenuator with signal input “VjN”’ (pin 17), | 
signal output “OUT” (pin 1), signal common “GND” (pin 2) 
and digital control ‘BCD input” (pins 3—15). 


With OUT (pin 1) terminated at op amp virtual ground and 
Rep (pin 18) connected to the op amp output, the nominal 
transfer equation is: 

| Vout = —Vin BCD 

where 0.000 < BCD S 1.999 


BCD INPUT 


Figure 2, Functional Equivalent Circuit 


OUTPUT AMPLIFIER CONSIDERATIONS 


Amplifier Offset 
The output resistance at OUT (pin 1) is code dependent, 
varying between © to 0.35 RLpR. For a fixed feedback 
_ resistor of value 1.6 RL pr (Figure 3), the output error for a 
fixed amplifier offset (VQs) is: 
RppB ” 
- Os 


VERROR = (: ROU 


Case 1: (ROUT = 00) 
VERROR = ( # 


a: Vos 
VERROR = VOS 
Case 2: (Royt = 0.35 Rue) 
VERROR = ( - 


VERROR = (1 + 4.6)Vos = 5.6 Vos 
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Cases 1 and 2 show that amplifier offset in conjunction with 
a changing output resistance at OUT (pin 1) create nonlin- 
earity error, in addition to a simple offset term. 


It is therefore recommended that amplifier initial offset be 
adjusted to less than 100uV (as measured between the 
amplifier input terminals). The offset voltage over the temp- 
erature range of interestjshould not exceed 250uV. See 
application hint #2, below. 


Do not include the usual bias current compensation resistor in 
the amplifier noninverting terminal. Instead, the amplifier 
should have a bias current which is low over the temperature 
range of interest. Bias current causes “output offset” of 
magnitude (Ip)Rppg. 


Figure 3. Noise Gain Equivalent Circuit 


High Frequency Amplifiers 

Rep and COUT create a phase lag in the output sampler S 
feedback circuit. This phase lag, in conjunction with the 
amplifier’s phase lag, may cause ringing or oscillation. When 
using a high speed amplifier, shunting the amplifier input 

to output with 5—20pF of feedback capacitance ensures 
stability. 


APPLICATION HINTS 

1. If an output voltage range of +19.99 volts is required (i.e., 
AD7525 Vin = £10V, BCD = 1.999), a high voltage output 
amplifier with appropriate supply voltages must be used. 

2. To maintain circuit linearity, the op amp offset voltage 
should not exceed 2% of the circuit resolution. (Resolution = 
VIN~= 1000) 

3. CMOS logic inputs exhibit an input impedance on the 
order of 100M{2. Unused CMOS inputs must always be 
tied to a known logic state. If single-pole single-throw 
thumbwheel switches are used to drive the digital inputs 
of the AD7525, external 10kQ pull-down (pull-up if 
switch coding is complementary (BCD) resistors must be 
used. 


ge 


| | | Operation Guidelines 


Figure 4. Digitally Controlled Attenuator Circuit 


CALIBRATION PROCEDURE 


Offset Adjustment: 
1. Apply BCD code 0.000 (0 0000 0000 0000) to the 
AD7525 digital inputs. 
2. Connect a high resolution, high impedance voltmeter 
between pins 1 and 2 of the AD7525. 
3. Adjust amplifier’s trimpot for minimum reading on 
the voltmeter (<100pV). 


APPLICATION — THUMBWHEEL SWITCH ATTENUATOR 


e 
Vin 
(AC OR DC) rn 


THUMBWHEEL SWITCH “ONE” COMMON 


1.0 DIGIT 0.1 DIGIT 


COMMON 


0.01 DIGIT 
THUMBWHEEL SWITCH “ZERO” COMMON 
SIGNAL COMMON 


BCD INPUT ANALOG OUTPUT. 
Equivalent “ 
Digital Input Decimal Vo 
1.0 0.1 0.01 0.001] Input 


Note 1: 
For proper BCD coding, the 0.1 digit, 0.01 digit or 0.001 digit 
_ must not exceed BCD “'9”’ (1001). 


Table 1. Analog Input/Output Relationship vs. Digital Input 


Gain Adjustment: 
1. Apply BCD code 1.000 (1 0000 0000 0000) to the 
AD7525 digital input. 
2. Apply +10V to the Vyjx input of Figure 1. 
3. Connect the voltmeter between Vo (amplifier output) 
and pin 2 of the AD7525. . 
4. Adjust Rj until Vo = -10V. 


Vo 
e 


SIGNAL COMMON 


NOTE 1: R3 1S NOT USED IF 
SPST SWITCHES AND 
PULL-UP RESISTORS 
ARE USED. 


0.001 DIGIT 


Figure 5. Thumbwheel Switch Attenuator 


The circuit shown in Figure 5 is a precision voltage divider 
similar to 10-turn pots and thumbwheel switch incremental- 
voltage-divider assemblies. Advantages of the circuit are: 


C) Economy 

C) Low Output Impedance 

CJ Resolution 0.1% Vin 

OC) Excellent Repeatability Accuracy 
C) Overrange Capability 


The BCD coded thumbwheel assembly applies BCD data to 
the AD7525 digital inputs. The switch assembly shown has 
single-pole-double-throw action, thus the BCD inputs are 


pulled either to +15V or GND (available from AMP, Harris- 
burg, PA; CHERRY, Waukegan, Illinois; or SAE, Santa Clara, 
California). Resistor R3 limits current if make-before-break 
switches are used. SPST switch assemblies can be used; how- 
ever, appropriate pull-up or pull-down resistors must be used 
on each digital input, depending upon whether the switch 
coding is BCD or complementary BCD. This ensures each 
digital input has appropriate Vy or V]r levels applied. 


Resistors R; and R9 provide gain adjustment capability. Rs 
is used to adjust the amplifier offset voltage (as measured 
between the amplifier input terminals) to less than 100puV. 
Diode D, (HSCH 1001) provides AD7525 output pro- 
tection (see Caution note 3). 
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ANALOG 
|DEVICES 


FEATURES 

Double Buffer Latches/Counter 

Data Readback 

8- and 16-Bit Bus Compatible 

+1LSB max Gain Error (“G” version) 

Easy Calibration Features 

Latch Proof (No Schottky Protection Required) 


TYPICAL APPLICATIONS 
4-20mA Loop Control 
Tracking ADCs 

S/D Converters 

Intelligent Instruments 
A.T.E. 


GENERAL DESCRIPTION 

The AD7527 is a 10-bit monolithic CMOS systems DAC with 
extensive pin programmable logic functions. It interfaces di- 
rectly with 8- or 16-bit data busses. The contents of the in- 
ternal register can be written into and read from in left or 
right hand justified format. | 


The internal register data can be incremented or decremented 
using three control pins. The device includes an on-chip oscil- 
lator which may be used for incrementing or decrementing: 
alternatively an external clock can be used. System initial- 
ization and calibration is facilitated by a data override func- 
tion which forces the DAC logic inputs to one of three over- 
ride values for a zero, half or full scale output. 


Two equal and matched feedback resistors are included on 
the die to facilitate 4-20mA circuits and other applications 
requiring matched resistors. The device has a low gain temper- 
ature coefficient of typically 2ppm/°C with a maximum of 


5 ppm/* C, 
ORDERING INFORMATION 
Relative Temperature Range and Package 


Accuracy Gain Error 
Tmin tO Tmax | +25°C 0t0+70°C | -25°C to +85°C 


+1LSB +10LSB AD7527KN | AD7527BD 
t5LSB AD7527LN | AD7527CD 
+1LSB AD7527GLN| AD7527GCD 


+1/2LSB 
Analog Devices is offering the AD7527 in chip carriers. 


-55°C to +125°C 
AD7527TD 
AD7527UD 

AD7527GUD 


+1/2LSB 
For information contact the factory. 


PACKAGE IDENTIFICATION?! 
Suffix D: Ceramic DIP — (D28B) 
Suffix N: Plastic DIP — (N28A) 


See Section 20 for package outline information. 


Ceramic parts are available screened to MIL-STD-883, Method 5004 
Para, 3.1.1 through 3.612 for a Class B device. To order add /883B 
to part number. 


—eMos 
10-Bit [Systems] DAC 
AD7527 


AD7527 FUNCTIONAL BLOCK DIAGRAM 


Voo OGND 


ik DATA SELECTOR 
INPU ~ 

STEERING] § UP/DOWN 
OGIC 


RWE 3) CONTROL COUNTER 


é 


(DAC Q5) OUTPUT 
STEERING 


DB9 - OBO 


28-PIN DIP 


PIN CONFIGURATION 
(NOT TO SCALE) 


AD7527 
TOP VIEW 
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SPECIFICATIONS (Vpp = +5V, VREF = +10V, VouT1 = vanes otherwise noted). s 


8 i ee es - Limit! at Limit! at 0,+70°C Limit’ at 
Parameter Qe Ta = 425°C and -25°C,+85°C -55°C, +125°C_—_ Units Conditions/Comments 
STATIC PERFORMANCE 
Resolution = 10 10 10 Bits 
Relative Accuracy? 
AD7527KN, BD, TD +1 +] +1 LSB max 
AD7527LN, CD, UD +0.5 +0.5 +0.5 LSB max 
AD7527GLN, GCD, GUD 0.5 +0.5 +0.5 LSB max 
Differential Nonlinearity” 
AD7527KN, BD, TD +2 +2 +2 LSB max Guaranteed 9-Bit Monotonic, Tmin to Tmax 
AD7527LN, CD, UD +1 +1 +1 LSB max Guaranteed 10-Bit Monotonic, Tmin to Tmax 
AD7527GLN, GCD, GUD +1 +1 +1 LSB max Guaranteed 10-Bit Monotonic, Tmin to Tmax 
Gain Error? 
AD7527KN, BD, TD +10 +10 . £10 LSB max Using internal Rrg only. Gain Error can 
AD7527LN, CD, UD +5 25 +5 LSB max be trimmed to zero using circuits of 
AD7527GLN, GCD, GUD +1 +1 +2 LSB max Figures 11, 12 and 13. 
Reg to Rorr Resistance Match +0.2 +0.2 +0.2 % max 
Average Gain Temperature 
Coefficient, AG/AT a 
Tmin to +25°C 2 5 5 ppm/°C max 
+25°C to Tmax = 5 5 ppm/C max 
dc Supply Rejection” 
~ AGain/AVpp 0.005 0.005 0.005 % per % max Vpp = +4.75V to +5.25V | 
Output Leakage Current? 
OUT 1 (pin 2) , 10 10 200 nA max DAC Register Loaded with All Os. 
DYNAMIC PERFORMANCE 
DAC Register 
Propagation Delay?»? 950 950 950 ns max OUT1 Load = 10082||13pF Measured from Leading 
Edge of WR to 90% of Final Output Current for 
Full Scale Change. . 
Digital Charge Injection?»? 300 300 300 nV sectyp Measured with ADLH0032CG as Output Amplifier. 
C1 of Figure 11 is 33pF. Pin 28 to AGND. 
Multiplying Feedthrough Error?»* 2 2 4 mV p-p max Vrer = +10V, 10kHz Sine Wave. (See Application 
Hint Number 4). Pin 28 to AGND. 
Small Signal Bandwidth 100 100 100 kHz typ Using Circuit of Figure 11. 
Input Resistance at 
VREF, RFB,ROFF ~ 7 7 7 kQ min Typical Input Resistance is 13kQ. 
(pins 27, 1, 28 Respectively) 20 _ 20 20 kQ max 
Input Resistance 
Temperature Coefficient -300 -300 -300 ppm/*C typ 
Analog Output Capacitance 
Couti (pin 2)? 230 230 230 pF max DAC Register Loaded with 1111111111 
Couti (pin 2)° 75 75 75 pF max DAC Register Loaded with 0000000000 
DIGITAL CONTROL INPUTS : 
Input HIGH Voltage, Vin 3.0 3.0 3.0 V min Excluding CLK (pin 9) and DATA Bus (pins 10-19) 
Input LOW Voltage, Vit 0.8 0.8 0.8 V max 
Input Leakage Current, Ijn4 1 1 1 pA max Vin = OV or Vpp 
Input Capacitance, Cin? 8 8 8 pF max 
CLOCK INPUT (PIN 9) 
Input HIGH Voltage, Vip 3.8 3.8 3.8 V min Input is a Schmitt Trigger. 
Input LOW Voltage, Viz 0.5 0.5 0.5 V max 
Input HIGH Current, Ijq 1.5 1.5 1.5 mA max VIN = +5V 
Input LOW Current, Ij. +1 +1 +1 MA max VIN = OV 
DATA BUS (PINS 10-19) 
Input HIGH Voltage, Vin 3.0 3.0 3.0 V min 
Input LOW Voltage, Vit 0.8 0.8 0.8 V max . 
Output HIGH Voltage, Von 4.0 4.0 4.0 V min IsOURCE = 40UA 
Output LOW Voltage, VoL 0.4 0.4 0.4 V max IsINK = 1.6mA 
Leakage Current per pin +1 +10 +10 LA max Outputs in high impedance state. 
Capacitance per pin 10 10 10 pF max Outputs in high impedance state. 
POWER REQUIREMENTS 
Vpp +5 +5 +5 Vv 
Ipp 5 5 5 mA max Vin = Vit or Vin; Data bus in high impedance state. 
500 500 500 LA max Vin = 0 or Vpp; Data bus in high impedance state. 
NOTES: 


' Temperature Ranges as follows: KN, LN, GLN versions, 0 to +70°C 
BD, CD, GCD versions, -25°C to +85°C 
TD, UD, GUD versions, -55°C to +125°C 
2 See Terminology 
3 Guaranteed but not tested, 
* Logic inputs are MOS gates. Typical input current at +25°C is less than 1nA, 
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* Sample tested at +25°C to ensure compliance. 
* For write timing, data bus reference levels are 0.8V (VIL) and 3.0V (Vj}), see Figure 3, 


For read timing, data bus reference levels are 0.4V (VOL) and 2.4V 
(VOH), measured with a 10kQ pull-down resistor. 


Specifications subject to change without notice. 


Limit! at 
-55°C, +125°C 


Limit! at 0, +70°C 
and -25°C, +85°C 


Limit! at 
Ta = +25°C 


Parameter 


Units 


. vs tat : : 
Be eae NY! 


Conditions/Comments 


DATA WRITE® 
tps 300 360 450 ns min Data valid setup time for 10-bit bus mode 
& 8-bit bus mode, right justified data. 
tps 425 520 570 ns min Data valid setup time for 8-bit bus mode, 
left justified data. 
tpH 0 0 0 ns min Data valid hold time. 
tws 240 275 325 ns min Write control setup time. 
tWH 0 0 ) ns min Write control hold time. 
twe 180 220 250 ns min Write pulse width. 
DATA READ® 
tRS 0 0 0 ns min Read control setup time. 
tRH fe) 0 0) ns min Read control hold time. 
tRP _ 175 240 265 ns min Read pulse width, Cy = 20pF 
300 400 450 ns min CL = 100pF 
tRAD 175 240 . 265 ns min Data access time, CL = 20pF 
300 400 450 ns min Cy, = 100pF 
tRHD 50 70 100 ns min Data hold time. 
120 140 150 ns max 


See notes on Specifications page 


ABSOLUTE MAXIMUM RATINGS* 
(Ta = +25°C unless otherwise noted) 


VDD tO-DGND « jk: e bee he pee Sieh sags *,.0,+7V 
Vp Dp tOCNGND 5: be dor ng 6 wba OB Oe ee a ort a eee 0,+7V 
AGND: to DEN Des: 4. As.btae- oe S.g4 ot ole naa ee 0, Vpp 
DGND toAGNDS. oot ohcs erate haw dashes ee eB O, Vpp 
Digital Input Voltage to DGND 

(pins 4-9, 21-25) ..... a AiR d eh a rans -0.3V, +17V 
Digital Bus Voltage to DGND 

CPINS VOD) ce vsten ts ant d eee Bee are & nce -0.3V, Vpp +0.3V 
VpIn2 toAGND .......... 000 cee eves -0.3V, +17V 
Vpin1, VPIN27; VpIN2g to AGND..............2--. t25'V: 


Operating Temperature Range 


KN, EN; GEN 5 feed soa 4.4 teee hau ae 0 to +70°C 
BD, CD) GCD6.rpascceaccton Uyeda -25°C to +85°C 
TD, UD,GUD......... hee asia -55°C to +125°C 
Storage Temperature Range............ -65°C to +150°C 
Lead Temperature (Soldering, 10 secs) .......... +300°C 


Power Dissipation (Package) 
Plastic (Suffix N) 


TO 450 Ce ed eee eh a ae a eh 1200mW 

Derate above +50 Cby......... 0.0 cee 12mWw/°C 
Ceramic (Suffix D) 

T4500 Cl gee kana ah Sw eho teow 1000mW 

Derate above +50°C DYs-4- 5. dm Sana ae aoe 10mW/°C 


*COMMENT: Stresses above those listed under ‘“‘Absolute Maximum Ratings’? may cause permanent damage to the device. This is a stress 
_ rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION: 


ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject 
to high energy electrostatic fields. Unused devices must be stored in conductive foam 
or shunts. The protective foam should be discharged to the destination socket before 


devices are removed. 


WARNING! 
WS 


ESD SENSITIVE DEVICE 
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Te eer: 
PIN FUNCTION DESCRIPTION 
PIN. MNEMONIC _ aa "DESCRIPTION 
1 RFB Feedback Resistor. Used for normal unity gain (at full scale) D/A conversion. 
2 OUT1 DAC Current OUT1 Bus. Normally terminated at virtual ground of output amplifier. 
3 AGND Analog Ground. 
4 FCE1 Force 1 Input. See pin 6 description. 
5 FCE2 Force 2 Input. See pin 6 description. 
6 DOR Data Override Input. This function allows the user to force the DAC logic inputs to one of three override values for calibration 
and reset. The value which the DAC output assumes is determined by the logic levels on the Forcing inputs, FCE1 and FCE2. 
DAC INPUT 
1 DAC Register Contents 
0 0000000000 
0 1000000000 X = Don’t Care 
0 1111111111 
Data in the input and DAC registers are not affected in any way by the data override. They may be written to or.read from as in 
normal operation. When the override signal is removed the DAC output returns to reflect the value in the DAC register. 
7 CONT1 Control Input 1. See pin 8 description. 
8 CONT2 Control Input 2. This signal, in combination with CONT1 (pin 7) is used to determine the AD7527 operating mode, either load 
: or count mode. In the load mode all AD7527 data WRITE, READ and LOAD operations are via the data bus and control inputs. 
In the count mode external data on the data bus cannot be written into the AD7527, the WR and LDAC signals are ignored; however, 
the contents of the DAC register can still be read. In this mode the input and DAC registers are driven as an internal up/down counter. 
The up/down counter operation is controlled by the CONT1, CONT2 signals. CONT 1, CONT2 encoding is as follows: 
FUNCTION 
Control is via data bus and control inputs 
0 Increment input and DAC Registers 
1 Decrement input and DAC Registers 
. 1 Input and DAC Register contents frozen 
“ End stop logic prevents the up/down counter from being incremented beyond all 1s or decremented below all Os. The increment/ 
decrement rate is controlled by the rate frequency on the CLK input (pin 9). The response of the AD7527 to a change in the control 
inputs depends on the state of the rate clock (HIGH or LOW) at the time the change occurs. 
CONT 1, CONT 2 
' | 
RATE CLOCK | 
Comma 
| 
DAC REGISTER RESPONDS DAC REGISTER | DAC REGISTER 
TOPREVIOUS CONTROL , CONTENTS | RESPONDS TO NEW 
INPUTS 1 REMAIN 1 CONTROL INPUTS 
UNDISTURBED 
Case 1. Rate Clock LOW When Controls Change 
CONT 1, CONT 2 
! 
RATE CLOCK | t | 1 | 
\ 
DAC REGISTER 1 
RESPONDS. TO ! DAC REGISTER RESPONDS 
PREVIOUS CONTROL | TONEW CONTROL DATA 
INPUTS 
Case 2. Rate Clock HIGH When Controls Change 
A status flag is available via the data bus to indicate whether the AD7527 is in the load mode (flag HIGH) or count mode 
(flag LOW). 
9 CLK Clock Input. Controls the input and DAC registers increment/decrement rate when the AD7527 is in the count mode. Connecting 
an external resistor to Vpp and capacitor to ground completes an internal low frequency clock circuit, see Figure 4. 
Alternatively CLK may be driven by an external clock frequency of up to 1MHz. 
10 DB9 Data Bit 9. Most Significant Bit (MSB). 
11 DB8 Data Bit 8. 
12 DB7 Data Bit 7. 
13 DB6 Data Bit 6. 
14 DB5 Data Bit 5. 
15 DB4 Data Bit 4. 
16 DB3 Data Bit 3. 
17 DB2 Data Bit 2. 
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18 DB1 (LJ/RJ) 


Pin function is dependent upon the 10/8 (pin 21) input. Pin 21 HIGH; pin 18 is Data Bit 1 (DB1) input. Pin 21 LOW; pin 18 is 
left-justified/right-justified (LJ/RJ) control input. 

19 DBO(LS/MS) _Pin function is dependent upon the 10/8 (pin 21) input. Pin 21 HIGH; pin 19 is Data Bit 0 (DBO) input. Pin 21 LOW; pin 19 is 
Least Significant Byte/Most Significant Byte (LS/MS) control input. 

20 DGND 

21 10/8 10/8-Bit Control Input. When 10/8 is HIGH the AD7527 data port is 10-bits wide (DB9-DBO). This allows single byte (10-bit) 
write and read operations when using 16-bit data busses. When 10/8 is LOW the AD7527 data port is reduced to 8-bits wide 
(DB9-DB2). This mode simplifies interfacing to 8-bit data busses and data is loaded or read in two bytes. In this double byte 
mode LJ/RJ (pin 18) and LS/MS (pin 19) pass data format information to the AD7527. 

22 RD ‘READ Input. This active low signal, in combination with RWE (pin 23), is used to enable the three-state drivers which place 
the DAC register contents on the external data bus. The data output format is dependent upon control input 10/8 and is 
shown in Figure 3. The contents of the DAC register can ies read in either of the AD7527 operating modes—count mode or 
load mode. 

23 RWE READ WRITE ENABLE Input, Active Low. When the AD7527 is in the load mode a LOW on RWE enables data transfers to 
or from the AD7527 via the external data bus. When RWE is HIGH the external data bus is locked out. Data present in the 
input register can still be transferred to the DAC register. 

24 WR WRITE Input. This active low signal, in combination with others, is used in loading external data into the AD7527 registers and 
in transferring data from the input register to the DAC register. The data is latched into its destination register (input register, 
DAC register or both) when WR returns high. The WR input has no effect when the AD7527 is in the count mode. 

25 LDAC Load DAC input, active low. This signal, in combination with others, is used to load the DAC register from either the input register 

f or the external data bus. The LDAC input has no effect when the AD7527 is in the count mode. 

26 Vpp +5V Supply Input. ’ 

27 VREF Reference Voltage Input. 

28 ROFF Offset Bias Resistor, Rorf = RLAap = Rep. If not used, it is recommended that this pin be connected to AGND to 
minimize noise injection. 

TERMINOLOGY 

RELATIVE ACCURACY POWER SUPPLY REJECTION 


Relative accuracy or end-point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for ideal zero and full scale and is expressed in % or 
ppm of full-scale range or (sub) multiples of 1LSB. 


DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the meas- 
ured change and the ideal 1LSB change between any two ad- 
jacent codes. A specified differential nonlinearity of +1LSB 
max over the operating temperature range insures monotonicity. 


GAIN ERROR 

Gain error or full-scale error is a measure of the output error 
between an ideal DAC and the actual device output. For the 
AD7527, ideal full-scale output is Vpgr (1023/1024). Gain 

error is adjustable to zero. 


OUTPUT LEAKAGE CURRENT 
Current which appears at OUT1 with the DAC register loaded 
to all Os. 


MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from Vpygrf terminal 
to OUT1 with DAC register loaded to all Os. 


Power supply rejection is a measure of the sensitivity of the 
DAC full-scale output to the effect of power supply changes. 


PROPAGATION DELAY 

This is a measure of the internal circuit delays and is defined 

as the time from the leading edge of WR to the analog output 
current reaching 90% of its final value for a full scale change. 


LSB 
This is an abbreviation for Least Significant Bit. For an n-bit 
converter, 1LSB = Verr/2". 


FSR 

This is an abbreviation for Full Scale Range. For a 10-bit 
converter with a reference input of 10V the FSR is 10 X 
(1023/1024) volts. 


DIGITAL CHARGE INJECTION 

The amount of charge injected from the digital inputs to the 

analog output when the inputs change state. This is normally 
specified as the area of the glitch in either pA secs or nV secs, 
Digital charge injection is measured with Vpzr = AGND. 
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GENERAL CIRCUIT INFORMATION 


D/A CONVERTER SECTION 

The AD7527 10-bit multiplying D/A converter section con- 
sists of a highly stable thin-film R-2R ladder.and ten CMOS 
current switches on a monolithic chip. Most applications 
require the addition of only an output operational amplifier 
and a voltage or current reference. 


The simplified D/A circuit is shown in Figure 1. The binary 
weighted currents are switched between the OUT1 bus line 
and AGND by N-channel switches, thus maintaining a con- 
stant current in each ladder leg independent of the switch 
state. 


VrREFO 


O AGND 
OQ OUT! 


O RFEEDBACK 


O RorFset 


Figure 1. AD7527 Functional Diagram 


The capacitance at the OUT1 bus line, Coy, is code de- 
pendent and varies from 75pF (all switches to AGND) to 
230pF (all switches to OUT1). 


One of the current switches is shown in Figure 2. The input 
resistance at Vpgr (Figure 1) is always equal to RLpr (RLpR 
is the R/2R ladder characteristic resistance and is equal to 
value ‘‘R’’), Since Ryy at the Vref pin is constant, the refer- 
ence terminal can be driven by a reference voltage or a refer- 
ence current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
Rrp is recommended to define scale factor.) 


TO LADDER 


FROM 
INTERFACE 


LOGIC | 


AGND OUT1 


Figure 2, N-Channel Current Steering Switch 


VOL. I, 10-132 DIGITAL-TO-ANALOG CONVERTERS 


CONTROL INPUT INFORMATION 


READ/WRITE 

Figure 3 shows generalized WRITE and READ timing dia- 
grams for the AD7527. Dynamic specifications are included 
on specifications page. A typical setup time of 250ns is re- 
quired by the AD7527 when changing from the 10-bit bus 
mode to the 8-bit bus mode or vice versa. 


b. Read Timing 


NOTES: 1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED 
FROM 10% TO 90% OF Vop, t, = ty = 20ns. 
Vin + Vic 
2. TIMING MEASUREMENT REFERENCE LEVEL IS ge 


3. DATA OUT TIMING MEASUREMENTS ARE FROM 
Von =2.4V, Vo, =0.4V. 


Figure 3. AD7527 Timing Diagrams 


DATA TRANSFER 
A truth table for the data transfer control inputs is shown in 
Table 1. When the AD7527 is in the 10-bit communications 
mode (10/8 HIGH) ‘each write and read function of Table 1 
can be executed in a single byte operation. When the AD7527 
is in the 8-bit communications mode (10/8 LOW) 10-bit data 
write and read functions are two byte operations. 


LDAC | RD | WR RWE Function 


“TPE 
eke 
il i 

lad 


X = “Don’t Care’”’ States 


take place 


Input Register 


DAC Register 


Table 1, AD7527 Data Transfer Truth Table (Reading and 
Writing Data) 


INTERNAL CLOCK 
Figure 4 shows typical internal oscillator frequency versus R 
and C. Due to process variations the actual operating frequen- 
cy for a given RC from Figure 4 can vary from device to device 
by up to +10% from the calculated value. The internal oscil- 
lator frequency has a typical temperature coefficient of 
+200ppm/Cc, 


The internal oscillator frequency supply rejection is dependent 
on the operating frequency. For low frequencies (tens of Hz) 
in the linear regions of Figure 4 it is typically +0.01%/%. For 
higher frequencies (hundreds of Hz) in the linear regions of 
Figure 4 it is typically +0.35%/%. Operation in the nonlinear 
regions for any frequency will degrade the frequency supply 
rejection. 


—— 


aa = 
aD ia ae 


Sie St 
ATEN IE INT 
a SN 


100Hz F—— 


an +R 
HEHEHE NE 
SHER 


10k2 100k2 IMmaQ 


Hz 


NOTE: INTERNAL OSCILLATOR WILL NOT OPERATE WITH R LESS THAN 10kS2. 


Figure 4. fCLK versus R,C 


External Data Transfer does not 


Write Data from input bus to 


Read Data to input bus from 


Transfer Data from Input 
Register to DAC Register 


Write Data from input bus to 
Input Register and DAC Register 


8-BIT COMMUNICATIONS MODE (10/8 LOW) 


Data Write (8-Bit Bus Mode) 
Transferring 10 bits of data over an 8-bit bus requires two 


write cycles and provides four possible combinations depend- 

ing on control inputs LJ/RJ and LS/MS. For left justified 

data LJ/RJ is held HIGH. For right justified data LJ/RJ is 

held LOW. The data protocol is determined by'LS/MS. A 

logic HIGH on LS/MS signals the least significant byte is to " 
be loaded; a logic LOW signals the most significant byte is to | 
be loaded. The data possibilities are shown in Figure 5 


—— MOST SIGNIFICANT Byte __ og |, aia SIGNIFICANT BYTE __. STATUS 
LS/MS = MS = 1") 


pap fetta > DD DTI: | 
LJ/Rd = "1" 


— MOST SIGNIEIGANT BYTE —~|—— CEASE. SIGRIFICANT BYTE —-| 


DBBOGGS Sooo 
LU/RJ 


STATUS X = don’t care states; S = status (see DATA READ section) 
BIT 


Figure 5. Formatting a 10-Bit Data Word 


Two operating modes are possible for controlling the transfer 
of data from the input register to the DAC register, where it 
will update the analog output voltage. The simplest is the 


automatic transfer mode, which causes the data transfer to 
occur at the time of the second write cycle. Figure 6 shows © 
the timing diagram for this mode. A third write cycle is re- - 


LATCH DATAIN 
BOTH REGISTERS 


LATCH DATA IN 
INPUT REGISTER 


LOAD BYTE 1 INTO LOAD BYTE 2 INTO INPUT AND DAC REGISTERS 
INPUT REGISTER TRANSFER BYTE 1 TO DAC REGISTER 
ANALOG OUTPUT UPDATED 


Figure 6. 8-Bit Loading, Automatic Transfer Mode 


quired for the strobed transfer mode. This allows the AD7527 
DAC updating to be synchronized with a master strobe signal 
in systems where update timing is important. Figure 7 illus- 
trates the timing of this mode. 


LATCH DATA 


LATCH DATAIN LATCH DATA 


INPUT REGIST IN INPUT REG IN DAC 
STER : N INPU ISTER ReaiereR 
LOAD BYTE 1 INTO LOAD BYTE 2 INTO 
TRANSFER DATA FROM INPUT 
INPUT REGISTER INPUT REGISTER REGISTER TO DAC REGISTER - 


ANALOG OUTPUT UPDATED 


Figure 7. 8-Bit Loading, Strobed Transfer Mode 
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Data Read (8-Bit Bus Mode) _ | | ne 

Two read cycles are required to place the contents of the 10- 

bit DAC register onto the external data bus. Since the data in 

the DAC register is already either left or right justified the data 

format control input LJ/RJ must reflect this formatting to 

avoid data misinterpretation. The LS/MS control input de- 
termines which byte is placed on the bus. The three-state 

_ drivers are enabled when RD goes low. 


The status flag which indicates whether the AD7527 is in the 
load or count mode is only available when control input 10/8 
is low. The status flag can only be read. From Figure 5 the 
status bit is the most right-hand bit in a 16-bit left justified 
word and the most left-hand bit in a 16-bit right justified 
word. The status bit can be shifted into a microprocessor’s 
accumulator carry position for testing. Note that the ‘‘don’t 
care’’ states of Figure 5 are driven by the AD7527 three-state 
drivers during a data read operation. The status flag is high 
when the AD7527 is in the oad mode and low when in the 
count mode. 


10-BIT COMMUNICATIONS MODE (10/8 HIGH) 

Data Write (10-Bit Bus Mode) 

If the available data bus is at least 10 bits wide (e.g., when 
using 16-bit wPs) then full 10-bit parallel loading is possible. 
This is the simplest method of AD7527 data loading. A right 
justified or left justified data format is selected by bus wiring. 
Like the 8-bit communications mode, two operating modes 
are possible for controlling the transfer of data from the input 
register to the DAC register, The simplest is the automatic 
transfer mode which causes both the input and DAC registers 
to be loaded simultaneously with a single write cycle (see 
Figure 8). A second write cycle is required for the strobed 
transfer mode to allow DAC updating to be synchronized 
with a master strobe, Figure 9 illustrates this mode timing. 


LATCH DATA IN 
BOTH REGISTERS 


LOAD INPUT AND DAC 
REGISTERS FROM DATA BUS. 
ANALOG OUTPUT UPDATED. 


Figure 8. 10-Bit Loading, Automatic Transfer Mode 


VOL. |, 10-134 DIGITAL-TO-ANALOG CONVERTERS 


LATCH DATA 
IN OAC REGISTER 


LATCH DATA 
IN INPUT REGISTER 


TRANSFER DATA FROM INPUT 
REGISTER TO DAC REGISTER 
ANALOG OUTPUT UPDATED 


LOAD INPUT REGISTER 
FROM DATA BUS 


Figure 9. 10-Bit Loading, Strobed Transfer Mode 


Data Read (10-Bit Bus Mode) 
One read cycle is required to place the contents of the DAC 
register onto the external data bus. The three-state drivers 


are enabled when RD goes low. 


The status flag is not directly available in the 10-bit com- 
munications mode but it can be obtained by using software 
control to switch the AD7527 to the 8-bit bus mode (see 
Figure 10). The two pull-up resistors on DBO and DB1 auto- 
matically select, when 10/8 goes low, the left justified data 
format, least significant byte. The processor can now read the 
status bit on DB2. When it has done so, it switches the 
AD7527 back to the 10-bit communications mode. 


AD7527 


Figure 10. Reading Status Flag in 10-Bit Communications 
Mode 


UNIPOLAR BINARY OPERATION (2-QUADRANT 
MULTIPLICATION) 

Figure 11 shows the analog circuit connections required for 
unipolar binary (2-quadrant multiplication) operation. The 
logic inputs are omitted for clarity and the AD7527 offset 
input, Rorr (pin 28), is tied to AGND. With a dc reference 
voltage or current (positive or negative polarity) applied at 
pin 27, the circuit is a unipolar D/A converter. With an ac 
reference voltage or current the circuit provides 2-quadrant 
multiplication (digitally controlled attenuation). The input/ 
output relationship is shown in Table 2. When an offset 
voltage VorF is applied to pin 28, an extra term -VoFF Is 
added to the analog output, Vout, of Table 2. To keep 
feedthrough to a minimum it is recommended that pin 28 
be returned to a low impedance point, either AGND or an 
op-amp output. 

For full scale trimming the DAC input is forced to 
1111111111 either by using the data override function 
or by loading the DAC register with 1111111111. R1 is 
then adjusted for Vout = -VrEF (1023/1024). Alternatively, 
full scale can be adjusted by omitting R1 and R2 and trim- 
ming the reference voltage magnitude. | 


Phase compensation capacitor C1 (10 to 25pF) may be re- 
quired for stability when using high speed amplifiers, C1 is 
used to cancel the pole formed by the DAC internal feedback 
resistance and output capacitance at OUT1. 


_ Amplifier Al should be selected or trimmed to provide 

Vos <10% of an LSB. Additionally, the amplifier should ex- 
hibit a bias current which is low over the temperature range 
of interest (bias current causes output offset at VouT equal 
to Ig times the DAC feedback resistance, nominally 12kQ2). 
The AD544L is a high-speed implanted FET-input op amp 
with low, factory-trimmed Vos and low Ig. 


AGND 


OGND 
NOTES: 1. LOGIC INPUTS OMITTED FOR CLARITY 
Oo 


2. SEE APPLICATION HINT NO. 5 
Figure 11. Unipolar Binary Operation (2-Quadrant 
Multiplication) 


BINARY NUMBER IN 
DAC REGISTER 
MSB LSB 


ANALOG OUTPUT, Vout 


1111111111 Viens (7953 ) = Full Scale 
1000000000 ane (<0 ) = -1/2 VrEF 
0000000001 Vani (s024 ) | 

0000000000 OV = Zero Scale 


Table 2, Unipolar Binary Code Table for Circuit of Figure 17 


Applying the AD7527 
BIPOLAR OPERATION (4-QUADRANT MULTIPLICATION) 
Figure 12 and Table 3 illustrate the circuitry and code relation- 
ship for bipolar operation with offset binary coding. For half 
scale trimming (Vout = OV) the DAC input is forced to 
1000000000 either by using the data override function or 
by loading the DAC register with 1000000000. The ratio of 
R3 to R4 is then adjusted for Vout = OV. Full scale trim- 
ming is similarly accomplished by forcing the DAC input to 
1111111111 and adjusting R1 for Vout = -Vrer/2 (511/ 
512). Alternatively full scale can be adjusted by omitting R1 
and R2 and trimming the reference voltage input. 


As in unipolar operation, Al must be chosen for low Vos and 
low Ig. In fixed reference applications A2 can be a slow am- 
plifier to minimize cost e.g., AD542L. However, A2 should 
still exhibit good offset and bias characteristics. For multi- 
plying DAC applications A2 requires a bandwidth consistent 
with the Vpgr bandwidth. R3 and R4 should be selected for 
matching and tracking over the temperature range of interest. 
Any mismatch will cause both offset and full scale errors. 
Phase compensation capacitor C1 (10pF to 25pF) may be 
required for stability. 


DGND 


NOTES: 1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NO. 5 
3. R3, R4 MATCH 0.05% OR BETTER 


Figure 12. Bipolar Operation (4-Quadrant Multiplication) 


BINARY NUMBER IN 


DAC REGISTER ANALOG OUTPUT, Vout 
MSB LSB 

VREF 511 
1111111111 - 5 512 

VREF ( 1 ) 
1000000001 - 5 512) 
1000000000 OV 

~ VREF 1 
0111111111 ++ (az) 

VREF a 

0000 a en 

000000 + > 312 


Table 3. Bipolar Code Table for Offset Binary Circuit of 
Figure 12: . 
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os aie =. glace, . ee ee ee 
If the required analog output in bipolar operation is Voy = 


+VreF (as opposed to tVpeR/2 with Figure 12) then the 
AD7527 should be connected as shown in Figure 13, Table 
4 illustrates the code relationship for this case. 


For half scale trimming (Voy = OV) the DAC input is 
forced to 1000000000 either by using the data override . 
function or by loading the DAC register with 1000000000. 
R1 is then adjusted for Vout = OV. Alternatively, one can 
omit R1 and R2 and adjust the ratio of R3 to R4 for Vout = 
OV. Full scale trimming is similarly accomplished by forcing 
the DAC input to 1111111111 and adjusting R5 for 

VouT = +VreF (511/512) or by varying the amplitude 

of VrEF. 


As in unipolar operation, Al must be chosen for low Vog and 
low Ig. R3, R4 and R5 must be selected for matching and 
tracking over the temperature range of interest. Mismatch of 
2R3 to R4 causes both offset and full scale error. Mismatch 
of RS and R4 and 2R3 causes full scale error. Phase com- 
pensation capacitor C1 (10pF to 25pF) may be required for 
stability. 7 | 


> 


ADS44L 
(SEE TEXT) 


NOTES: 1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINTS NO. 5 
3. R3, R4, RS MATCH 0.05% OR BETTER 


Figure 13. Bipolar Operation (4-Quadrant Multiplication) 


BINARY NUMBER IN 
DAC REGISTER 


ANALOG OUTPUT, Vour 


MSB LSB 

1111111111 Veer (355 
1000000001 +Vrer (77 ) 
1000000000 OV 


0111111111 -Vaer (77 ) 


0000000000 Vice (2) 


Table 4. Bipolar Code Table for Offset Binary Circuit of 
Figure 13 


Figure 14 illustrates an arrangement to generate with two 
SPDT switches, one with center off, mode control signals 
for the AD7527. The truth table for CONT1 and CONT2 
signals is shown under the pin function description of pin 8. 
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AD7527 


CONT1 


CONT2 
+5V 


one 


LOAD 


DECREMENT 100kS2 
e@ 


O 
INCREMENT 


DGND 


Figure 14. Typical Front Panel Mode Control Circuitry 


4-20mA LOOP CIRCUITS 


+VLooP 


+VREF 
(+2.5V) 


OGND AGND 
NOTES 1. R3,R4 MATCH TO5% 


Figure 15. Ri Referenced to AGND 


N CHANNEL 
VMOS 


Figure 17. Ri Referenced to Negative Loop Supply 
(Note Single Supply Operation) 


APPLICATION HINTS 

To ensure system performance consistent with AD7527 spec- 
ifications, careful attention must be given to the following 
points: 


1, GENERAL GROUND MANAGEMENT: Voltage differen- 
ces between the AD7527 AGND and DGND cause loss of 
accuracy (dc voltage difference between the grounds intro- 
duces gain error. AC or transient voltages between the __ 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at the 
AD7527, In more complex systems where the AGND- 
DGND intertie is on the back-plane, it is recommended 
that diodes be connected back-to-back between the 
AD7527 AGND and DGND pins (1N914 or equivalent). 


2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a code- 
dependent differential nonlinearity term at the amplifier 
output of maximum magnitude 0.67 Vos (Vos is ampli- 
fier input offset voltage). This differential nonlinearity 
term adds to the R/2R differential nonlinearity. To 
maintain monotonic operation, it is recommended that 
amplifier Vos be no greater than 10% of 1LSB over the 
temperature range of interest [output resolution = 
VreF(2™) where n is the number of bits exercised] . 

3, HIGH FREQUENCY CONSIDERATIONS: AD7527 out- 
put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop re- 
sponse. This can cause ringing or oscillation. Stability can 
be restored by adding a phase compensation capacitor in 
parallel with the feedback resistor. 


4, FEEDTHROUGH: The dynamic performance of the 
AD7527 will depend upon the gain and phase stability 
of the output amplifier, together with the optimum choice 
of PC board layout and decoupling components. A sug- 
gested printed circuit layout for Figure 11 is shown below 
which minimizes feedthrough from Vpgr to the output in 
multiplying applications. 


OUTPUT 


1 
LOCATION 


sa" 18 
R2 LOCATION AD7527 PIN 1 


AGND 


NOTE INPUT SCREEN re) re) 
TO REDUCE FEEDTHROUGH ! 
' 


Figure 18. Suggested Layout Shows Copper Side (i.e. Bottom 


View) 


. shown in Figures 11, 12 and 13, the temperature coef- 


. GAIN TEMPERATURE COEFFICIENTS: The gain tem- 

perature coefficient of the AD7527 has a maximum value 

of Sppm/°C and a typical value of 2ppm/°C. This cor- 

responds to worst case gain shifts of 0.51 LSBs and 

0.2LSBs respectively over a 100°C temperature range. ' 


When trim resistors are used to adjust full scale range as — 


ficients of the trim resistors should also be taken into 
account. It may be shown that the additional gain tem- 
perature coefficients introduced by R1 and R2 may be 
approximately expressed as follows: 


Temperature Coefficient = R14 

Contribution DuetoR1 ~~ Ry (y1 +300) + 
Temperature Coefficient RZ 2 

Contribution Due to R2 ~ "Ran (72 + 300) 


Where Y1 and 72 are the temperature coefficients in 
ppm/°C of R1 and R2 respectively and Ryn is the DAC 
input resistance at the VygFf terminal (pin 27). For high 
quality wire-wound resistors ‘ = +50ppm/” C and for 
trimming potentiometers ¥ = +50ppm/" C. 


It will be seen that if R1 and R2 are small compared 

with Ryn, their contribution to gain temperature 
coefficient will be small. For the standard AD7527TD 

gain error specification of +10LSBs it is recommenced that 


R1 = 200Q and R2= 10022. 


However if the AD7527GUD is used which has a speci- 
fied gain error of +1LSB it is recommended that R1 = 
1022 and R2 = 592. With these values the maximum gain 
temperature coefficient is increased by only 0.34ppm/°C. 
Where possible R1 should be a select on test fixed resistor 
since the resulting gain temperature coefficient will be 
tighter in all cases. For further gain T.C. information 

refer to application note, “‘Gain Error and Gain Tempera- 
ture Coefficients of CMOS Multiplying DACs’”’, Publication 
Number E630—10—6/81 available from Analog Devices. 


. For additional information on multiplying DACs refer to 


‘Applications Guide to CMOS Multiplying D/A Con- 
verters”’, Publication Number G479—15-—8/78, available 
from Analog Devices. 
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ANALOG 
DEVICES 


CMOS 


Dual 8-Bit Buffered Multiplying DAC 


AD7928 


AD7528 FUNCTIONAL BLOCK DIAGRAM 


FEATURES 

On-Chip Latches for Both DACs 

+5V to +15V Operation 

DACs Matched to 1% 

Four Quadrant Multiplication 

TTL/CMOS Compatible | 

Latch Free (Protection Schottkys not Required) 


APPLICATIONS 

Digital Control of: 
Gain/Attenuation 
Filter Parameters 
Stereo Audio Circuits 
X-Y Graphics 


GENERAL DESCRIPTION 

The AD7528 is a monolithic dual 8-bit digital/analog converter 
produced in a small 0.3” wide 20-pin DIP, featuring excellent 
DAC-to-DAC matching. 


Separate on-chip latches are provided for each DAC to allow easy 
microprocessor interface. 


Data is transferred into either of the two DAC data latches via a 
common 8-bit TTL/CMOS compatible input port. Control input 
DAC A/DAC B determines which DAC is to be loaded. The 
AD7528’s load cycle is similar to the write cycle of a random access 
memory and the device is bus compatible with most 8-bit micro- 
processors, including 6800, 8080, 8085, Z80. 


The device operates from a +5V to +15V power supply, dis- 
sipating only 20mW of power. 


Both DACs offer excellent four quadrant multiplication charac- 
teristics with a separate reference input and feedback resistor for 
each DAC. 


PRODUCT HIGHLIGHTS 

1. DAC to DAC matching: since both of the AD7528 DACs are 
fabricated at the same time on the same chip, precise matching 
and tracking between DAC A and DAC B is inherent. The 
AD7528’s matched CMOS DACs make a whole new range of 
applications circuits possible, particularly in the audio, graphics 
and process control areas. 


2. Small package size: combining the inputs to the on-chip DAC 
latches into a common data bus and adding a DAC A/DAC B 
select line has allowed the AD7528 to be packaged in a small 
20-pin 0.3” wide DIP. 
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SPECIFICATIONS. cusacscee siovas ore « aeuos wnnon gute 


Vpp = +5V Vpp = +15V ; ; 
Parameter Version! Ta = +25°C Trins Tmax Ta = +25 = Tain Tinex Units Test Conditions/Comments 
STATIC PERFORMANCE? 
~ Resolution All 8 8 8 8 Bits 
Relative Accuracy J, A,S. +1 +1 +1 +1 LSB max This is an Endpoint Linearity Specification 
K,B,T tVv +% +Y”% + LSB max 
L,C,U +% +” +% +’ LSB max 
Differential Nonlinearity All +1 +1 +1 +1 LSB max All Grades Guaranteed Monotonic Over 
Full Operating Temperature Range 
Gain Error J,A,S +4 +6 +4 +5 LSB max Measured Using Internal RFB A and RFBB. 
K,B,T +2 +4 +2 +3 LSB max Both DAC Latches Loaded with 11111111. 
L,C,U +1 +3 +1 +1 LSB max Gain Error is Adjustable Using Circuits 
Gain Temperature Coefficient of Figures 4 and 5. 
AGain/ATemperature All + 0.007 + 0.007 + 0.0035 + 0.0035 %/°C max 
Output Leakage Current 
OUT A (Pin 2) All +50 + 400 +50 +200 nA max DAC Latches Loaded with 00000000 
OUT B (Pin 20) - All +50 + 400 +50 + 200 nA max 
Input Resistance (Vref A, Vrer B) All 8 8 8 8 kO min Input Resistance TC = — 300ppm/°C, Typical 
15 15 15 15 kQ max Input Resistance is 11k. 
Veer A/Vper B Input Resistance 
Match All +1 +1 +1 +1 % max 
DIGITAL INPUTS? 
Input High Voltage 
Vin All 2.4 2.4 13.5 13.5 V min 
Input Low Voltage 
Vic. All 0.8 0.8 1.5 1.5 V max 
Input Current 
lin All +1 +10 +1 +10 uA max Vin = Oor Vpp 
Input Capacitance 
DBO-DB7 All 30 30 30 30 pF max 
WR, CS, DAC A/DACB All 30 30 30 30 pF max 
SWITCHING CHARACTERISTICS‘ See Timing Diagram 
Chip Select to Write Set Up Time 
tcs All 200 230 60 80 ns min 
Chip Select to Write Hold Time 
tcy All 10 15 20 30 ns min 
DAC Select to Write Set Up Time 
tas All 200 230 60 80 ns min 
DAC Select to Write Hold Time 
tay All 10 15 20 30 ns min 
Data Valid to Write Set Up Time 
tps ' All 30 40 110 130 ns min 
Data Valid to Write Hold Time 
tou All 0 0 0 0 ns min 
Write Pulse Width 
twr All 60 80 180 200 ns min 
POWER SUPPLY See Figure 3 
Ipp All 1 1 | mA max All Digital Inputs Vir or Ving 
100 500 100 500 pA max All Digital Inputs OV or Vpp 


AC PERFORMANCE CHARACTERISTICS® 


(Measured Using Recommended 
P.C. Board Layout (Figure 7) and AD644 as Output Amplifiers) 


Vop = +5V Vop = +15V 
Parameter Version! Ta = +28°C: Trains Tmax Ta = +25°C Thins Tmax Units Test Conditions/Comments 
DC SUPPLY REJECTION (AGAIN/AVpp) All 0.02 0.04 0.01 0.02 % per % max AVpp = +5% 
PROPAGATION DELAY (From Digital VeerA = VerrB = +10V 
Input to 90% of Final Analog Output Current) All 220 270 80 100 ns max UTA, OUT B Load = 1009 Cexy = 13pF 
WR,CS = 0V DBO-DB7 = 0Vto Vppor Vpp to0V 

DIGITAL CHARGE INJECTION 4 All 160 - 440 ~ nV sec typ For Code Transition 00000000 to 11111111 
OUTPUT CAPACITANCE 

CoutA All 50 50 50 50 pF max DAC Latches Loaded with 00000000 

Cour B 50 50 50 50 pF max 

Cour A 120 120 120 120 pF max DAC Latches Loaded with 11111111 

‘Cour B 120 120 120 120 pF max 

AC FEEDTHROUGH® 

VrEF AtoOUTA All -—70 — 65 -70 — 65 dB max VreF A, VreEF B = 20V p-p Sine Wave 

Veer BtoOUT B -70 — 65 -70 — 65 dB max @ 100kHz 
CHANNEL TO CHANNEL ISOLATION Both DAC Latches Loaded with 11111111. 

Vere AtoOUTB All -77 - -77 - dB typ Veer A = 20V p-p Sine Wave @ 100kHz 

Vrer B = OVsee Figure 6. 
Veer BtoOUTA -77 - -77 - dBtyp Veer A = 20V p-p Sine Wave @ 100kHz 
Vrer A = 0Vsee Figure 6. 

DIGITAL CROSSTALK All 30 - 60 - nV sec typ Measured for Code Transition 00000000 to 11111111 
HARMONIC DISTORTION All —85 - -85 - dB typ Vin =6Vrms @ 1kHz 
NOTES: 


'Temperature Ranges are JN, KN, LN: Oto + 70°C 3Logic inputs are MOS Gates. Typical input current ( + 25°C) is less than InA. Feedthrough can be further reduced by connecting the metal lid on the ceramic package (suffix D) to DGND. 
AQ, BQ, CQ: — 25°C to + 85°C" “Guaranteed by design but not production tested. 
ST, TD, UD: — 55°C to + 125°C *These characteristics are for design guidance only and are not subject to test. 
2S pecification applies to both DACs in AD7528. 


Specifications subject to change without notice. 


) 
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ABSOLUTE MAXIMUM RATINGS 
(Ta = +25°C unless otherwise noted) 


. OV, +17V 


Vpp to AGND 
VpptoDGND . . OV, +17V 
AGND to DGND . Vpp 
DGND to AGND uy . . . . Vpp 
Digital Input Voltage to DGND ........ —0.3V, +15V 
Vpmn2> Vpinz0 to AGND............. —0.3V, +15V 
Vrer A, VreF BtoAGND ............... +25V 
Vers A; Varn BtoAGND ............... +25V 
Power Dissipation (Any Package) to + 75°C 450mW 
Derates above + 75°C by .............. 6mW/°C 
Operating Temperature Range 
Commercial (JN, KN, LN) Grades. ...... 0 to +70°C 


Industrial (AQ, BQ, CQ) Grades 

Military (SD, TD, UD) Grades... ... 
Storage Temperature oe 
Lead Temperature (Soldering, 10 secs.) 


— 25°C to + 85°C 
— 55°C to + 125°C 
— 65°C to + 150°C 

+ 300°C 


eo e e ee @ 


CAUTION: 

1. ESD sensitive device. The digital control inputs are zener pro- 
tected; however, permanent damage may occur on unconnected 
devices subjected to high energy electrostatic fields. Unused 


devices must be stored in conductive foam or shunts. 


. Do not insert this device into powered sockets. Remove power 
before insertion or removal. 


TERMINOLOGY 


Relative Accuracy: 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the end- 
points of the DAC transfer function. It is measured after adjusting 
for zero and full scale and is normally expressed in LSBs or as a 
percentage of full scale reading. 


ORDERING INFORMATION 


Temperature Range and Package! 


Plastic” 
Oto +70°C 


Gain 
Error 


4 


Relative Cerdip** Ceramic 


Accuracy| Ta, = +25°C —25°Cto +85°C | —55°Cto + 125°C 

+1LSB +4LSB AD7528JN | AD7528AQ AD7528SD 
+2LSB AD7528KN | AD7528BQ AD7528TD 
+1LSB AD7528LN | AD7528CQ AD7528UD 


NOTES: 

'The AD7528 is available in chip carriers—contact the factory for 

information. 

?Plastic version will be available by early, 1982. 

Analog Devices reserves the right to ship ceramic packages in lieu of Cerdip packages. 
4883B version is available. To order add ‘/883B” to part number shown. 


Differential Nonlinearity: 

Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent codes. 
A specified differential nonlinearity of + 1LSB max over the 
operating temperature range ensures monotonicity. 


Gain Error: 

Gain error or full-scale error is a measure of the output error be- 
tween an ideal DAC and the actual device output. For the AD7528, 
ideal full-scale output is Vege — 1 LSB. Gain error of both DACs 
is adjustable to zero with external resistance. 


Output Capacitance: 

Capacitance from OUT A or OUT B to AGND. 

Digital Charge Injection: 

The amount of charge injected from the digital inputs to the analog 
output when the inputs change state. This is normally specified 
as the area of the glitch in either pA-secs or nV-secs depending 
upon whether the glitch is measured as a current or voltage signal. 
Digital charge injection is measured with Vrer A, Vrer B = 
AGND. | 

Propagation Delay: 

This is a measure of the internal delays of the circuit and is defined 
as the time from a digital input change to the analog output current 
reaching 90% of its final value. 


Channel-to-Channel Isolation: 

The proportion of input signal from one DAC’s reference input 
which appears at the output of the other DAC, expressed as a 
ratio in dB. 


Digital Crosstalk: 

The glitch energy transferred to the output of one converter due 
to a change in digital input code to the other converter. Specified 
in nV secs. 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP (D20A) 
Suffix Q: Cerdip (Q20A) 

Suffix N: Plastic DIP (N20A) 


1See Section 20 for package outline information. 


PIN CONFIGURATION 


AD7528 
TOP VIEW 


(NOTTO 
SCALE) 
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INTERFACE LOGIC INFORMATION — 

DAC Selection: | 

Both. DAC latches share a common 8-bit input port. The control 
input DAC A /DAC B selects which DAC can accept data from 
the input port. 


Mode Selection: _ 
Inputs CS and WR control the operating mode of the selected 
DAC. See Mode Selection Table below. 


Write Mode: _— 
When CS and WR are both low the selected DAC is in the 
write mode. The input data latches of the selected DAC are 


transparent and its analog output responds to activity on DBOQ— 
DB7. 


Hold Mode: 

The selected DAC latch retains the data which was present 
on DBO-DB7 just prior to CS or WR assuming a high state. 
Both analog outputs remain at the values corresponding to the 
data in their respective latches. 


L = Low State H = High State X = Don’t Care 
Mode Selection Table 


WRITE CYCLE TIMING DIAGRAM 


tes ten 


CHIP SELECT 


DAC A/DAC B 


WRITE 


V, 
DATA IN (DBO-DB7) ™ DATA IN STABLE |) 
Viv 


NOTES: 

1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASURED FROM 10% TO 90% OF Vopp. 
Voo = +5V,t, = ty = 20ns; 

Vop = + 15V,t, = tr = 40ns. 


2. TIMING MEASUREMENT REFERENCE LEVEL IS 


CIRCUIT INFORMATION-D/A SECTION 

The AD7528 contains two identical 8-bit multiplying D/A con- 
verters, DAC A.and DAC B. Each DAC consists of a highly 
stable thin film R-2R ladder and eight N-channel current steering 
switches. A simplified D/A circuit for DAC A is shown in Figure 
1. An inverted R-2R ladder structure is used, that is, binary 
weighted currents are switched between the DAC output and 
AGND thus maintaining fixed currents in each ladder leg inde- 
pendent of switch state. 


Vin + Vin 
yt 


Vaer AO 


AND DRIVERS 
Figure 1. Simplified Functional Circuit for DACA 
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EQUIVALENT CIRCUIT ANALYSIS 

Figure 2 shows an approximate equivalent circuit for one of the 
AD7528’s D/A converters, in this case DAC A. A similar equivalent 
circuit can be drawn for DAC B. Note that AGND (Pin 1) is 
common for both DAC A and DAC B. 


The current source I, EaKaGE is composed of surface and junction 
leakages and, as with most semiconductor devices, approximately 
doubles every 10°C. The resistor Ro as shown in Figure 2 is the 
equivalent output resistance of the device which varies with 
input code from 0.8R to 2R. R is typically 11kQ. Coyrt is the 


- capacitance due to the N-channel switches and varies from 
about 50pF to 120pF depending upon the digital input. 


g(Vrer A, N) is the Thevenin equivalent voltage generator due 
to the reference input voltage Vrgr A and the transfer function 
of the R-2R ladder. 


g(Vrer A, N) 


Figure 2. Equivalent Analog Output Circuit of DAC A 


For further information on CMOS multiplying D/A converters 
refer to “Application Guide to CMOS Multiplying D/A Conver- 
ters” available from Analog Devices, Publication Number G479- 
15-8/78. : 


CIRCUIT INFORMATION-DIGITAL SECTION 

The input buffers are simple CMOS inverters designed such 
that when the AD7528 is operated with Vpp = SV, the buffer 
converts TTL input levels (2.4V and 0.8V) into CMOS logic 
levels. When Vy is in the.region of 2.0 volts to 3.5 volts the 
input buffers operate in their linear region and pass a quiescent 
current, see Figure 3. To minimize power supply currents it is 
recommended that the digital input voltages be as close to the 
supply rails (Vpp and DGND) as is practically possible. 


The AD7528 may be operated with any supply voltage in the 
range 5=Vpp=15 volts. With Vpp = +15V the input logic 
levels are CMOS compatible only, 1.e., 1.5V and 13.5V. 


800 ik ae Ta = +25°C 8 
ra ALL DIGITAL INPUTS 

se TIED TOGETHER 1g 
s_ | | | : 
® 600 a 6 2 
" < 

500 5 
aeen Ce eaReee h 
2 400 4 
an AKU 
= 300 3 < 
9 < 


AJ oe ea 
Si A ci 
92 SSeS RREea See 


10 #11 #12 #13 «14 
a - ie 


Figure 3. Typical Plots of Supply Current, Ipp vs. Logic 
Input Voltage Vin, for Vpp = +5V and +15V 


Applying The AD7528 


NOTES: oe 
‘R1, R2 AND R3, R4 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. Mal 
SEE TABLE 3 FOR RECOMMENDED VALUES. = 
?C1, C2 PHASE COMPENSATION (10pF-15pF) IS REQUIRED WHEN 

USING HIGH SPEED AMPLIFIERS TO PREVENT RINGING OR 

OSCILLATION. 


Figure 4. Dual DAC Unipolar Binary Operation (2 Quadrant 
Multiplication). See Table 1. 


NOTES: 

'R1, R2 AND R3, R4 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
SEE TABLE 3 FOR RECOMMENDED VALUES. 
ADJUST R1 FOR Vour A.= OV WITH CODE 10000000 IN DAC A LATCH. 
ADJUST R3 FOR Vour B = OV WITH CODE 10000000 IN DAC B LATCH. 


Bic a0 2MATCHING AND TRACKING IS ESSENTIAL FOR RESISTOR PAIRS R6, R7 
= AND R9, R10. 
os 3C1, C2 PHASE COMPENSATION (10pF-15pF) MAY BY REQUIRED IF A1/A3 


IS A HIGH-SPEED AMPLIFIER. 


Figure 5. Dual DAC Bipolar Operation (4 Quadrant Multi- 
plication). See Table 2. 


Analog Output DAC Latch Contents 
(DAC A or DAC B) MSB LSB 


Analog Output 
(DACA or DACB) 


DAC Latch Contents 
MSB LSB 


1111111 Vin (332) 1111111 +Vin( 138) 
10000001 ~Vin(332 : 10000001 +Vin( Ge] 
: | 

10000000 - Vin (338 )= - HY 10000000 0 

01111111 ~Vin( 33] 01111111 -Vin( 5) 
2 | 127 

00000001 | -Vin(zez 00000001 | ~Vin(73 

00000000 00000000 zs 


Note: ILSB = (2°XV,,) = egw) Note: ILSB = (2’ (Vx) = a) 
Table 1. Unipolar Binary Code Table Table 2. Bipolar (Offset Binary) Code Table 
Trim 


JN/AQ/SD LN/CQ/UD 


Resistor 


Table 3. Recommended Trim Resistor Values vs. Grade 
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APPLICATIONS INFORMATION — 

Application Hints 

To ensure system performance consistent with AD7528 specifi- 
cations, careful attention must be given to the following points: 


1. GENERAL GROUND MANAGEMENT: AC or transient 
voltages between the AD7528 AGND and DGND can cause 
noise injection into the analog output. The simplest method 
of ensuring that voltages at AGND and DGND are equal is 
to te AGND and DGND together at the AD7528. In more 
complex systems where the AGND-DGND intertie is on the 
back-plane, it is recommended that diodes be connected in 
inverse parallel between the AD7528 AGND and DGND 
pins (1N914 or equivalent). 


2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a code-de- 
pendent differential nonlinearity term at the amplifier output 
of maximum magnitude 0.67 Vos (Vos is amplifier input 
offset voltage). This differential nonlinearity: term adds to the 
R/2R differential nonlinearity. To maintain monotonic opera- 
tion, it is recommended that amplifier Vos be no greater 
than 10% of 1LSB over the temperature range of interest. 


3. HIGH FREQUENCY CONSIDERATIONS: The output 
capacitance of a CMOS DAC works in conjunction with the 
amplifier feedback resistance to add a pole to the open loop 
response. This can cause ringing or oscillation. Stability can 
be restored by adding a phase compensation capacitor in 
parallel with the feedback resistor. 


DYNAMIC PERFORMANCE 

The dynamic performance of the two DACs in the AD7528 will 
depend upon the gain and phase characteristics of the output 
amplifiers together with the optimum choice of the PC board 
layout and decoupling components. Figure 6 shows the relationship 
between input frequency and channel to channel isolation. Figure 
7 shows a printed circuit layout for the AD7528 and the AD644 
dual op-amp which minimizes feedthrough and crosstalk. 


Voo = +15V 
Vw = 20V PEAK TO PEAK 


ISOLATION - dB 


INPUT FREQUENCY - Hz 


Figure 6. Channel to Channel Isolation 


PIN 8 OF TO-5 CAN (AD644) 


fe 


AD7528 PIN 1 


C1 LOCATION ¥...,.. 


C2 LOCATION 


Vaer Bo ee) 
Voo —_——90 
<—o ——o—— DGND 
x AD7528 
cs————-o O——— DAC A/DAC B 


*NOTE INPUT SCREENS TO REDUCE FEEDTHROUGH. 
LAYOUT SHOWS COPPER SIDE (i.e., BOTTOM VIEW). 


Figure 7. Suggested P.C. Board Layout for AD7528 with 
AD644 Dual Op-Amp 
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SINGLE SUPPLY APPLICATIONS 

The AD7528 DAC R-2R ladder termination resistors are connected 
to AGND within the device. This arrangement is particularly 
convenient for single supply operation because AGND may be 
biased at any voltage between DGND and Vpp. Figure 8 shows 
a circuit which provides two +5V to +8V analog outputs by 
biasing AGND +5V up from DGND. The two DAC reference 
inputs are tied together and a reference input voltage is obtained 
without a buffer amplifier by making use of the constant and 
matched impedances of the DAC A and DAC B reference inputs. 
Current flows through the two DAC R-2R ladders into R1 and 
RI is adjusted until the Vege A and Vege B inputs are at +2V. 
The two analog output voltages range from +5V to +8V for 
DAC codes 00000000 to 11111111. 


SUGGESTED OP 
AMP: AD644 


Figure 8. AD7528 Single Supply Operation 


Figure 9 shows DAC A of the AD7528 connected in a positive 
reference, voltage switching mode. This configuration is useful 
in that Vour is the same polarity as Vyx allowing single supply 
operation. However, to retain specified linearity, Vx must be in 
the range 0 to +2.5V and the output buffered or loaded with a 
high impedance, see Figure 10. Note that the input voltage is 
connected to the DAC OUT A and the output voltage is taken 
from the DAC Vpgr A pin. 


Vv, 
(0 TO +2.5V) (4) 
Eee 
Voo @) 
+15VG (17) OUT A 
\/ 
AD7528 


Figure 9. AD7528 in Single Supply, Voltage Switching 
Mode 


Voo = +15V 


25°C 


ERROR - LSB T, 


2.5 3 3.5 4 45 5 5.5 6 6.5 7 75 
Vin A- Volts 


Figure 10. Typical AD7528 Performance in Single Supply 
Voltage Switching Mode (K/B/T, L/C/U Grades) 


MICROPROCESSOR INTERFACE 


ADDRESS BUS 


ADDRESS DAC A/DAC B 


DECODE 


AD7528" 


DAC B 


ADDRESS F 
DECODE 


AD7528"* 


DAC B 


ADDR/DATA BUS 


DATA BUS 


*ANALOG CIRCUITRY HAS BEEN OMITTED FOR CLARITY 


*ANALOG CIRCUITRY HAS BEEN OMITTED FOR CLARITY. 
‘A = DECODED 7528 ADDR DAC A 
**A = DECODED 7528 ADDR DAC A 
Ap RECORDER 7328 RORB AOAC A + 1 = DECODED 7528 ADDR DAC B 
Figure 11. AD7528 Dual DAC to 6800 CPU Interface poly 


8085 INSTRUCTION SHLD (STORE H & L DIRECT) CAN UPDATE 
BOTH DACS WITH DATA FROM H AND L REGISTERS 


PROGRAMMABLE WINDOW COMPARATOR Figure 12. AD7528 Dual DAC to 8085 CPU Interface 


TEST INPUT 
0 TO — Vaer 


In the circuit of Figure 13 the AD7528 is used to implement a 
programmable window comparator. DACs A and B are loaded 
with the required upper and lower voltage limits for the test, 
respectively. If the test input is not within the programmed 
limits, the pass/fail output will indicate a fail (logic zero). 


wR 


DAC A/DAC B 


+VrerO 


Figure 13. Digitally Programmable Window Comparator 
(Upper and Lower Limit Detector) 


PROGRAMMABLE STATE VARIABLE FILTER 


RS 30k 


CIRCUIT EQUATIONS 


C, = C2, Ry = Ro, Ry = Rs 


f, = 
O 21 R, C, 
aes Rs Re 
R4g Ress 
Rr 
Ag = - = 
re) Rg 
Note: 
DAC equivalent resistance equals 
DATA 1 CS WR DAC ADAC B DATA 2 cS WR DAC AIDAC B 256_x (DAC Ladder resistance) 
DAC Digital Code 
Figure 14. Digitally Controlled State Variable Filter - 
In this state variable or universal filter configuration (Figure 14) The filter provides low pass, high pass and band pass outputs 
DACs A1 and B1 control the gain and Q of the filter characteristic and is ideally suited for applications where microprocessor control 
while DACs A2 and B2 control the cut-off frequency, fc. DACs of filter parameters is required, e.g., equalizer, tone controls, 


A2 and B2 must track accurately for the simple expression for etc. 
fc to hold. This is readily accomplished by the AD7528. Op 
amps are 2 X AD644. C3 compensates for the effects of op amp 
gain-bandwidth limitations. 


Programmable range for component values shown is fe = 0 to 
1SkHz and Q = 0.3 to 4.5. 
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‘DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR ~ 


ai In this configuration the AD7528 functions as a 2-channel digitally 


controlled attenuator. Ideal for stereo audio and telephone signal 
level control applications. Table 4 gives input codes vs. attenuation 
for a 0 to 15.5dB range. 


Input as = 256 x 10 exp ( qttenuiations:d®) 


20 
Vour BO 
SUGGESTED OP-AMP: AD644 
Figure 15. Digitally Controlled Dual Telephone Attenuator 
Code In 
DAC Input Code Decimal 
0 11111111 01100110 102 
0.5 11110010 01100000 96 
1.0 11100100 01011011 91 
1.5 11010111 01010110 86 
2.0 11001011 01010001 81 
2.5 11000000 01001100 76 
3.0 10110101 01001000 72 
3.5 10101011 01000100 68 
4.0 10100010 01000000 64 
4.5 10011000 00111101 61 
5.0 10010000 00111001 57 
5.5 10001000 00110110 54 
6.0 10000000 00110011 51 
6.5 01111001 00110000 48 
7.0 01110010 00101110 46 
7.5 01101100 00101011 43 


Table 4. Attenuation vs. DAC A, DAC B Code for the Circuit 
of Figure 15 


For further applications information the reader is referred to 
Analog Devices Application Note on the AD7528. 
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ANALOG 
DEVICES 


CMOS 10- & 12-Bit Monolithic 
Multiplying D/A Converters 


AD7930, AD7931 


FEATURES 

AD7530: 10-Bit Resolution 

AD7531: 12-Bit Resolution 

8-, 9- and 10-Bit Linearity 
DTL/TTL/CMOS Compatible 
Nonlinearity Tempco: 2ppm of FSR/°C 
Low Power Dissipation: 20mW 

Current Settling Time: 500ns 
Feedthrough Error: 10mV p-p @ 50kHz 
Low Cost 


Note: AD7533 is recommended for new 10-bit designs. 


AD7541, AD7542 or AD7543 is recommended for 
new 12-bit designs. 


GENERAL DESCRIPTION 

The AD7530 (AD7531) is a low cost, monolithic 10-bit 
(12-bit) multiplying digital-to-analog converter packaged 
in a 16-pin (18-pin) DIP. The device uses advanced CMOS 
and thin film technologies providing up to 10-bit accuracy 
with DTL/TTL/CMOS compatibility. 


The AD7530 (AD7531) operates from a +5V to +15V 
supply and dissipates only 20mW, including the ladder 
network. 


Typical applications include: digital/analog multiplication, 


CRT character generation, programmable power supplies, 
digitally controlled gain circuits, etc. 


ORDERING INFORMATION 


Temperature Range 


-25°C to +85°C 
AD7530JN AD7530JD 
AD7531JN AD7531JD 
AD7530KN 


AD7530KD 
AD7531KD 

AD7530LN 

AD7531LN 


Nonlinearity 


0.2% (8-Bit) 


0.1% (9-Bit) 


0.05% (10-Bit) AD7530LD 


AD7531LD 


BIT 1 (mMSB) [4 | 


AD7530, AD7531 FUNCTIONAL BLOCK DIAGRAM 


VreFO 


O lout2 


Oloutt 


I 
! 
\ 
| | | 
4 4 4 O RreepBack 
BIT 1 (MSB) BIT 2 BIT 3 BIT N (LSB) 
DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 


AD7530: N = 10 
AD7531: N = 12 
(Switches shown in “‘High’”’ state) 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP 


AD7530: (D16A) 
AD7531: (D18A) 


Suffix N: Plastic DIP 


AD7530: (N16A) 
AD7531: (N16B) 


1See Section 20 for package outline information. 


PIN CONFIGURATION 


AD7530 (NOT TO SCALE) AD7531 


lout: [1 | 118} Reeeopack 
lout L2_] Vacr IN 
116} Voo (+) 
115} BIT 12 (LSB) 


lout: L1 | 116} Reeepsack 
lout2 L.2_] 15] Vace IN 

enp [3 | 114] Vop (+) GNO L3 
[13] BIT 10 (LSB) Bit 1 (mse) L4 | 


BiT2 5 | 12] Bit 3 BIT 2 LS 14} pit 11 
Bit 3 L6 | 11] pits sit 3 L&_] 113} BIT 10 
BIT 4 0] Bit 7 BIT 4 112} git9 
Bits (8, 9} Bit 6 BITS LB Ins 
BIT 6 L9_] 110} git 7 
16-PIN DIP 18-PIN DIP 
TOP aE TOP VIEW 
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SPECIFICATIONS (Vpp = +15, Vrer = +10V, Ta = +25°C unless otherwise noted) 


PARAMETER AD7530 AD7531 TEST CONDITIONS 
DC ACCURACY (Note 1) 
Resolution - 10 Bits 12 Bits 
Nonlinearity AD75 30] 0.2% of FSR max (8 Bit) 
AD7530K 0.1% of FSR max (9 Bit) 
AD7530L 0.05% of FSR max (10 Bit) 


Nonlinearity Tempco 
Gain Error 
Gain Error Tempco 


-10V < Vagp < +10V 


0.3% of FSR typ 


* 
* 
* 
2ppm of FSR/°C max - 
‘ * 
10ppm of FSR/°C max * 

* 


Output Leakage Current (Either Output) 300nA max Over specified temperature 
| range. 
Power Supply Rejection 5Oppm of FSR/% typ : 
AC ACCURACY © To 0.05% 
Output Current Settling Time 500ns typ 7 All digital inputs low to high 
and high to low 
Feedthrough Error 10mV p-p max : VREF = 20V p-p, 50kHz. All 
digital inputs low 
REFERENCE INPUT +10V " 
Input Range +1lmA : 
Input Resistance 10kQ typ i 
ANALOG OUTPUT 
Output Current Range (Both Outputs) tlmA : 
Output Capacitance lout1 120pF typ All digital inputs high 
37pF 7 
a snoph ap * All digital input low 
Output Noise (Both Outputs) Equivalent to 10kQ2 a 


Johnson noise typ 


DIGITAL INPUTS (Note 2) 


Low State Threshold 0.8V max r Over specified temperature range 
High State Threshold 2.4V min i Over specified temperature range 
Input Current (low to high state) 1A typ 
Input Coding Binary . See Tables 1 & 2 
POWER REQUIREMENTS 
Power Supply Voltage Range +5V to +15V - 
IDp SnA typ . All digital inputs at GND 
2mA max * All digital inputs high or low 
Total Dissipation 20mW typ : 


NOTES: 


1Full scale range (FSR) is 10V for unipolar mode and +10V for bipolar mode. 
? Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 


*Same specifications as for AD7530. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
(Ty = +25°C unless otherwise noted) 


Vpp (t0Gnd)? 620% .6.3.8 4. Foe aie Gt era She we a \+17V 
VEER (0 Gnd): on. .os cate ner cue ease eau’ +25V 
Digital Input Voltage Range .............. Vpp to Gnd 
Voltage at Pinl1, Pin2............... —100mV to Vpp 
Power Dissipation (package) 

Up tO375' Ochna. d kid ode oa ne ens! .. 450mW 
Operating Temperature 

JN, KN, LN Versions ............-.. 0 to +75-C 

JD, KD, LD Versions .............. -25°C to +85°C 
Storage Temperature ................ —-65°C to +150°C 


CAUTION: 
1. Do not apply voltages higher than Vpp or less than GND 
potential on any terminal except Vprr. 


2. The digital control inputs are zener protected; however, 
permanent damage may occur on unconnected units 
under high energy electrostatic fields. Keep unused units 
in conductive foam at all times. 


APPLICATIONS 
UNIPOLAR BINARY OPERATION 


Figure 1 shows the circuit connections required for unipolar 
operation. Since VREF can assume either positive or negative 
values, the circuit is also capable of 2-quadrant multiplication. 
The input code/output range table for unipolar binary 
operation is shown in Table 1. Protection Schottky shown is 
not required when using TRI-FET output amplifiers such as 
the AD542 or AD544. 


Vrer 


BIT 1 (MSB) 


DIGITAL 
INPUT 


PROTECTION 
SCHOTTKY 


Figure 1. Unipolar Binary Operation 
(2-Quadrant Multiplication) 


DIGITAL INPUT ANALOG OUTPUT 


1111111111 
1000000001 


Veer (1 - 27°) 
-Verr (1/2 + 2710) 


-V 
1000000000 — 
0111111111 -Vepr (1/2 - 2719) 
-10 
0000000001 -Verp (271°) 
0000000000 0 


. = 9710 
NOTE: 1 LSB = 27 VREF 


Table 1. Code Table — Unipolar Binary Operation 


BIPOLAR (OFFSET BINARY) OPERATION 


Figure 2 illustrates the AD7530 connected for bipolar 
operation. Since the digital input can accept bipolar numbers 
and Vppr can accept a bipolar analog input, the circuit can 
perform a 4-quadrant multiplying function. Input coding is 
offset binary (modified 2’s complement) as shown in Table 2. 


When a switch’s control input is a Logical ‘‘1”, that switch’s 
current is steered to Ipy71, forcing the output of amplifier 
#1 to 


Vout = ~ Gouri) (10k) 


where 10k is the value of the feedback resistor. 


A Logical “0” on the control input steers the switch’s current 
to Iny72, which is terminated into the summing junction of 
amplifier #2. Resistors R1 and R2 need not track the internal 
R-2R circuitry; however, they should closely match each other 
to insure that the voltage at amplifer #2’s output will force a 
current into R2 which is equal in magnitude but opposite in 
polarity to the current at Inyyp2- This creates a push-pull 
effect which halves the resolution but doubles the output 
range for changes in the digital input. 


With the MSB a Logic ‘‘1”’ and all other bits a Logic “0’’,a 1/2 
LSB difference current exists between Ipy7, and Ipy72, 
creating an offset of 1/2 LSB. To shift the transfer curve to 
zero, resistor R-9 is used to sum 1/2 LSB of current into the 
IouT2 terminal. Protection Schottky is not required if using 
TRIFET output amplifiers such as the AD542 or AD544. 


+15V 


VRer 
10 MEGOHM 


BIT 1 (MSB) ReeeDBACK 


INPUT 


PROTECTION 
SCHOTTKY \ / 


Figure 2. Bipolar Operation (4-Quadrant Multiplication) 


DIGITAL INPUT ANALOG OUTPUT 
1111111111 -Veerp (1 - 29) 
1000000001 -Vegr (2°?) 
1000000000 0 
0111111111 Vrrr (2°?) 
0000000001 Veer (1 - 2°) 


0000000000 Veer 


- 979 
NOTE: 1 LSB = 2° Ver 


Table 2. Code Table — Bipolar (Offset Binary) Operation 
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TERMINOLOGY ~ x 


RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2—") (Vyaqipe). A 
bipolar converter of n bits has a resolution of [2-@-))] 
[Veg]. Resolution in no way implies linearity. 


SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital 
input stimulus, i.e., O'to Full Scale. 


GAIN: Ratio of the DAC’s operational amplifier output 
voltage to the input voltage. 
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FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from Vperf to output with all switches OFF. 


OUTPUT CAPACITANCE: Capacity from ‘our and Iny 72 
terminals to ground. 


OUTPUT LEAKAGE CURRENT: Current which appears on 
louti terminal with all digital inputs LOW or on Ipny 72 
terminal when all inputs are HIGH. 


ANALOG 
DEVICES 


CMOS — 
Low Cost 10-Bit Multiplying DAC 
AD7533 


FEATURES 

Lowest Cost 10-Bit DAC 

Low Cost AD7520 Replacement 

Linearity: 1/2, 1 or 2LSB 

Low Power Dissipation 

Full Four-Quadrant Multiplying DAC 
CMOS/TTL Direct Interface 

Latch Free (Protection Schottky not Required) 
End-Point Linearity 


APPLICATIONS 

Digitally Controlled Attenuators 
Programmable Gain Amplifiers 
Function Generation 

Linear Automatic Gain Control 


GENERAL DESCRIPTION 

The AD7533 is a low cost 10-bit 4-quadrant multiplying DAC 
manufactured using an advanced thin-film-on-monolithic-CMOS 
wafer fabrication process. 


Pin and function equivalent to the industry standard AD7520, 
the AD7533 is recommended as a lower cost alternative for old 
AD7520 sockets or new 10-bit DAC designs. 


AD7533 application flexibility is demonstrated by its ability 
to interface to TTL or CMOS, operate on +5V to +15V pow- 
er, and provide proper binary scaling for reference inputs of 
either positive or negative polarity. 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP — (D16B) 
Suffix N: Plastic DIP — (N16B) 


See Section 20 for package outline information. 


AD7533 FUNCTIONAL BLOCK DIAGRAM 


VREF 


Oo te) .e) Oo 
BIT1(MSB) BIT2 BIT3 BIT 10 (LSB) 


DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 


ORDERING INFORMATION 


Temperature Range 


Nonlinearity 

Commercial Industrial Military 

0 to +70°C -25°C to +85°C -55°C to +125°C | 

AD7533JN AD7533AD AD7533SD 
AD7533AD/883B! AD7533SD/883B! 

AD7533KN AD7533BD AD7533TD 
AD7533BD/883B! AD7533TD/883B! 

AD7533LN AD7533CD AD7533UD 
AD7533CD/883B! AD7533UD/883B! 


"100% screened to MIL-STD-883, method 5004, 
para. 3.1.1 through 3.1.12 for Class B device. 


PIN CONFIGURATION 


AD7533 


TOP VIEW 
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SPECIFICATIONS (VDD = +N: VouT1 = VOUT2 = Ov: VREF = +10V unless otherwise noted) 


PARAMETER | Ta = 25°C _ Ta = Operating Range’ Test Conditions 
STATIC ACCURACY - 
Resolution 10 Bits 10 Bits 
Relative Accuracy ?»3 
AD7533JN,AD,SD +0,.2% FSR max +0.2% FSR max 
AD7533KN, BD, TD +0.1% FSR max +0.1% FSR max 
AD7533LN, CD, UD -  £0,05% FSR max +0.05% FSR max 
Gain Error? 45 +1.4% FS max +1.5% FS max Digital Inputs = VinH- 
Supply Rejection® . | 
AGain/AVpp 0.005%/% 0.008%/% Digital Inputs = Viny; Vpp = +14V to +17V 
Output Leakage Current 
lout: (pin 1) +50nA max +200nA max Digital Inputs = Vin_; VreF = +10V 
IouT2 (pin 2) +50nA max +200nA max Digital Inputs = Vin; VreF = t10V 
DYNAMIC ACCURACY 
Output Current Settling Time 600ns max’ 800ns® To 0.05% FSR; Rpgap = 10022; Digital 
Inputs = Viyy to Vint or VINL to VINH 
Feedthrough Error +0.05% FSR max® +0.1% FSR max® Digital Inputs = Vin_; VrEF = t10V, 


100kHz sinewave. 


REFERENCE INPUT 
Input Resistance (pin 15) 5kQ min, 20kQ max 5kQ min, 20kQ max® 


ANALOG OUTPUTS 
Output Capacitance 


6 6 
Court (pin 1) 100pF max 100pF max } Distal inpueS vigy 
CouT2 (pin 2) 35pF eS 35pF max 

; 6 
CouT1 (pin 1) - 35pF max ; 35pF max } \ Digital Inputs = Vint 
CouT2 (pin 2) 100pF max 100pF max 


DIGITAL INPUTS 
Input High Voltage 
3 


VINH 2.4V min 2.4V min 
Input Low Voltage | 
ViNL> 0.8V max 0.8V max 
Input Leakage Current 
hin? +1uA max +1uA max Vin = OV and Vpp 
Input Capacitance 
CIN 5pF max® SpF max°® 
POWER REQUIREMENTS 
Vpp +15V 410% +15 V 410% Rated Accuracy 
Vpp Range® +5V to +16V +5V to +16V Functionality with degraded performance 
Ipp> 2mA max 2mA max Digital Inputs = Vinz or VINH 
NOTES: 


' Plastic (JN, KN, LN versions): 0 to +70°C 
Commercial Ceramic (AD, BD, CD versions): -25°C to +85°C 
Military Ceramic (SD, TD, UD versions): -55°C to +125°C 
2“FESR” is Full Scale Range. 
3 Final electrical tests are: Relative Accuracy, Gain Error, Output Leakage Current, 
VINH> VINL» In and Ipp at +25°C and +125°C (SD, TD, UD versions) or 
+25°C and +85°C (AD, BD, CD versions). 


: _ 1023 
Full Scale (FS) = (Vper)( 074) 


5 Max gain change from Ta = +25°C to Trin OF Tmax is 0.1% FSR. 
6 Guaranteed, not tested. 

7 AC parameter, sample tested to ensure specification compliance, 
® Absolute temperature coefficient is approximately -300ppm/°C. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
(Ta = +25°C unless otherwise noted) 


VDD tO GND oe hot ota ate 2) oobnk dees See ce Blarares -0.3V,+17V 
Rep.to GND oso yeti ee ware eens Sight ane +25V 
VRER CO GND ya illo et ca hak ce ba oe kd a ae +25V 
Digital Input Voltage Range ............. -0.3V to Vpp 
Output Voltage (pin 1, pin2) ............ -0.3V to Vpp 
Power Dissipation (Package) 
Plastic (Suffix N) 
TOTO: 255. gst diy tease ee a oateaived aattane 670mW 
Derates above +70 C by............... 8.3mW/°C 


CAUTION: 


Ceramic (Suffix D) 


T0510. Gis oof raed a tarnewanie 450mW 
Derates above +75°C by... ........0000. 6mW/°C 
Operating Temperature Range 
Commercial (JN, KN, LN versions)......... 0 to +70°C 
Industrial (AD, BD, CD versions)....... -25°C to +85°C 
Military (SD, TD, UD versions) ...... -, -55°C to +125°C 
Storage Temperature............. ...-65°C to +150°C 
Lead Temperature (Soldering, 10 seconds)........ +300°C 


1. ESD sensitive device. The digital control inputs are Zener protected; however, permanent damage may occur 


on unconnected devices subjected to high energy electrostatic fields. Unused devices must be stored in con- 
_ ductive foam or shunts. 
2. Do not apply voltages lower than ground or higher than Vpp to any pin except Vpgrf (pin 15) and Rpg (pin 16). 


TERMINOLOGY 


RELATIVE ACCURACY: Relative accuracy or end-point 
nonlinearity is a measure of the maximum deviation from 
a straight line passing through the endpoints of the DAC 
transfer function, It is measured after adjusting for ideal 
zero and full scale and is expressed in % or ppm of full- 
scale range or (sub) multiples of 1LSB. 


RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2—") (Vpgrp). A 
bipolar converter of n bits has a resolution of [2—(—-D)] 
[VrEFl. Resolution in no way implies linearity, 


SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital 
input stimulus, i.e., 0 to Full Scale. 


GAIN ERROR: Gain error or full-scale error is a measure (10° 


of the output error between an ideal DAC and the 
actual device output. 


FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from Vyrr to output with all switches OFF. 


OUTPUT CAPACITANCE: Capacity from Ipy74 and 
louT2 terminals to ground. 


OUTPUT LEAKAGE CURRENT: Current which appears on 
louti terminal with all digital inputs LOW or on Ipy 72 
terminal when all inputs are HIGH. 

‘ 
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CIRCUIT DESCRIPTION 


‘GENERAL CIRCUIT INFORMATION 


The AD7533, a 10-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and ten CMOS current 
switches on a monolithic chip. Most applications require the 
addition of only an output operational amplifier and a voltage 
or current reference. 


The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used — that is, the binarily weighted 
currents are switched between the I9yy1 and Igy? bus lines, 
thus maintaining a constant current in each ladder leg inde- 
pendent of the switch state. 


Vrer 


0 
BIT 10 (LSB) 


ie) Oo ie) 
BIT 1(MSB) BIT2 BIT3 
DIGITAL INPUTS (OTL/TTL/CMOS COMPATIBLE) 


Figure 1. AD7533 Functional Diagram 


One of the CMOS current switches is shown in Figure 2. The 
geometries of devices 1, 2 and 3 are optimized to make the 
digital control inputs DTL/TTL/CMOS compatible over the 
full military temperature range. The input stage drives two 
inverters (devices 4, 5, 6 and 7) which in turn drive the two 
output N-channels. The “ON” resistances of the switches | 
are binarily sealed so the voltage drop across each switch is 
the same, For example, switch 1 of Figure 2 was designed 
for an “ON” resistance of 20 ohms, switch 2 for 40 ohms and 
so on. For a 10V reference input, the current through switch 
1 is 0.5mA, the current through switch 2 is 0.25mA, and so 
on, thus maintaining a constant 10mV drop across each 
switch. It is essential that each switch voltage drop be equal 
if the binarily weighted current division property of the 
ladder is to be maintained. 


f TO LADDER 


DTL/TTL/CMOS 
INPUT 


Figure 2. CMOS Switch 
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ReEEDBACK 


foutt 


Figure 3. AD7533 Equivalent Circuit — All Digital Inputs Low 


EQUIVALENT CIRCUIT ANALYSIS 

The equivalent circuits for all digital inputs high and all digital 
inputs low are shown in Figures 3 and 4. In Figure 3 with 

all digital inputs low, the reference current is switched to — 
IouT2- The current source I, EAKAGE is composed of surface 


and junction leakages to the substrate while the current 


1024 
source represents a constant 1-bit current drain through the 
termination resistor on the R-2R ladder. The “ON” capacitance 
of the output N channel switch is 100pF, as shown on the 
IouT2 terminal. The “OFF” switch capacitance is 35pF, as 
shown on the I9y71 terminal. Analysis of the circuit for all 
digital inputs high, as shown in Figure 4, is similar to Figure 3; 
however, the “ON”’ switches are now on terminal I9yT1, 

hence the 100pF at that terminal. 


R = 10k22 


' ILEAKAGE cha 


Figure 4. AD7533 Equivalent Circuit — All Digital Inputs High 


OPERATION 


UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 


BIPOLAR ANALOG INPUT 
t10V 


UNIPOLAR 
DIGITAL 
INPUT 


NOTES: 

1. R1 AND R2 USED ONLY IF GAIN ADJUSTMENT !S REQUIRED. 

2. C1 PHASE COMPENSATION (5 — 15pF) MAY BE REQUIRED WHEN 
USING HIGH SPEED AMPLIFIER. 


Figure 5. Unipolar Binary Operation (2-Quadrant 


Multiplication) 
DIGITAL INPUT NOMINAL ANALOG OUTPUT 
(VouT as shown in Figure 5) 
MSB LSB 


1111111111 


1000000001 


. 512\\_ VREF 

1000000000 Veer (554 = -R 

511 
0111111111 -VreF (7534) 

7 alte 

0000000001 VREF (Go2a) 

_0 \_ 
0000000000 -Vrer (7974) = 0 
NOTES: 
1, Nominal Full Scale for the circuit of Figure 5 

is given by FS = -Vrer (4033 


2. Nominal LSB magnitude for the circuit of 
Figure 5 is given by LSB = VegrF Con 


Table 1. Unipolar Binary Code Table 


BIPOLAR OPERATION (4-QUADRANT MULTIPLICATION) 


BIPOLAR 
ANALOG INPUT 
+10V 


BIPOLAR 
DIGITAL 


R5 
100k 


NOTES: 

1. R3/R4 MATCH 0.05% OR BETTER. 

2. R1,R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED 

3. C1,C2 PHASE COMPENSATION (5 - 15pF) MAY BE REQUIRED 
WHEN USING HIGH SPEED AMPLIFIERS. 


Figure 6. Bipolar Operation (4-Quadrant Multiplication) 


INPUT 2 Sk Vout 


NOMINAL ANALOG OUTPUT 
‘(Vout as shown in Figure 6) 


DIGITAL INPUT 


MSB LSB 


1111111111 


1 

100000000 (am) 
1 VREF (679 

1000000000 0 

1 

011 =) 
111111111 +VreF (<3 
511 

0000000001 +Vrer (25) 
512 

12 


0000000000 


NOTES: 


1. Nominal Full Scale Range for the circuit of 
; oe 7 1023 
Figure 6 is given by FSR = VrerF Ga ) 
2. Nominal LSB magnitude for the circuit of 


Figure 6 is given by LSB = VrEF (<9) 


Table 2. Bipolar (Offset Binary) Code Table 


APPLICATIONS 
10-BIT AND SIGN MULTIPLYING DAC 


£10V 
BIPOLAR 
ANALOG INPUT 


! 

MAGNITUDE! 

BIT: ' 

DIGITAL 
INPUT 


SIGN BIT 


PROGRAMMABLE FUNCTION GENERATOR 


FREQUENCY 
CONTROL 


DIGITAL 
WORD 


f= N( ) 


sobs 
BRyCy 
Ry = 102 

O<N<(1-2) 


DIGITALLY PROGRAMMABLE LIMIT DETECTOR 


TEST INPUT 
Vrer +15V (0 TO -Vrer) 
e 


AD311 

COMPARATOR 
picitac ! 
INPUT 

(TEST Limit)! LSB 


FAIL/PASS TEST 
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APPLICATIONS (continued) 
DIVIDER (DIGITALLY CONTROLLED GAIN) 


OBIT 1 


1 DIGITAL 
1 INPUT 
i} “Dp” 
| 
O BIT 10 

Vout = iw 

where: 

BIT1, BIT2 BIT 10 
DF | a 310 
oD< 1023 
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VREF 


BIT 1¢ 1) 


t 
DIGITALt : 
Nut AD7533 
; LSB é Z 
BIT 10¢ Vout = VREF ec z aR (CarR, re 2 | 


where: 
BIT1 BIT2 BIT 10 
OS ar +3 +... He 
1023 
<D< 
( 0<D< G55) 


ANALOG 
DEVICES 


FEATURES 
Full Four Quadrant Multiplication 
12-Bit Linearity (+1/2LSB) 
Pretrimmed Gain 
-TTL/CMOS Compatible 
Low Power Consumption 
Low Feedthrough Error 
Low Cost 


APPLICATIONS 
Digital/Synchro Conversion 
Programmable Amplifiers 
Ratiometric A/D Conversion 
Function Generation 


GENERAL DESCRIPTION 

The Analog Devices AD7541 is a low cost, high performance 
12-bit monolithic multiplying digital-to-analog converter 
fabricated using advanced double-layer-metal CMOS technolo- 
gy and packaged in a standard 18-pin DIP. 


Pin compatible with the AD7521, this new device uses laser 
wafer trimming to provide full 12-bit linearity and excellent 
absolute accuracy. 


The inherently low power dissipation, coupled with the cur- 
rent switching R-2R ladder, ensures that the performance is 
maintained over the full temperature range. 

ORDERING INFORMATION 


Temperature Range and Package 


Ceramic Ceramic 
-25°C to +85°C -55°C to +125°C 


Plastic 


Nonlinearity | 0 to +70°C 


AD7541JN 
AD7541KN 


AD7541AD 
AD7541BD 


AD7541SD 
AD7541TD 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP (D18B) 
Suffix N: Plastic DIP (N18B) 


See Section 20 for package outline information. 


mare | CMOS 
12-Bit Monolithic Multiplying DAC 


AD7941 


AD7541 FUNCTIONAL BLOCK DIAGRAM 


Vrer 


O lout 


Oloutt 


O ReeepBack 


oO 0) 
BIT 3 BIT 12 (LSB) 


BIT 1 (MSB) BIT 2 


DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 


Logic: A switch is closed to Igut1 for 
its digital input in a “HIGH” state. 


PIN CONFIGURATION 
: TOP VIEW 


(NOT TO SCALE) 


lout1 [1 | 118) Reeeosack 
lour2 L.2_| 
GND L3 | 


BIT 1 (MSB) |_4_| 


BIT 2 LS 114} Bit 11 
BIT 3 L&_] 113] BIT 10 
BIT 4 112} Bit 9 
BITS L8 | BIT 8 


BIT6 L9| 
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as 
. ‘ 
SS 


phos, ro 


SPECIFICATIONS (Vop = 15V, VREF =.+10V unless sais noted) 


~ PARAMETER: TA= +25°C TA = min-max TEST CONDITION . 
STATIC ACCURACY ta : | ; 
Resolution 12 Bits min 12 Bits min 
Nonlinearity VouTi = 
AD7541JN, AD7541AD, AD7541SD' +1LSB max - +1LSB max VouT2 = OV 
AD7541KN, AD7541BD, AD7541TD? +1/2LSB max +1/2LSB max 
Gain Error*»* +12.5LSB max +16.7LSB max 
Power Supply Rejection -  +0,01% per % max +0.02% per % max Vpp = 14.5V — 15.5V 
Output Leakage Current +50nA max +200nA max VreF = t10V 
DYNAMIC PERFORMANCE 
Output Current Settling Time® lps max lps max To +1/2LSB of Full Scale Range 
Feedthrough Error? 1mV p-p max . 1ImV p-p max VrEF = 20V p-p @ 10kHz 
REFERENCE INPUT 
Input Resistance 5kQ min, 20k22 max 5kQ min, 20kQ max 
DIGITAL INPUTS 
VINH 2.4V min 2.4V min 
VINL 0.8V max 0.8V max 
Input Leakage Current +1yA max +1yA max Vin = 0 or 15V 
Input Capacitance® 8pF max 8pF max 
Input Coding Binary or Offset Binary 


(See Applications) 


ANALOG OUTPUTS 
Output Capacitance® 


Couti 200pF max 200pF max } Digital Inputs 
CoutT2 60pF max ~ 60pF max = VINH 
CouT1 60pF max 60pF max } Digital Inputs 
CoutT2 200pF max 200pF max = VINL 
POWER REQUIREMENTS 
Vpp Range +5V min, +16V max +5V min, +16V max Accuracy is not 
guaranteed over this range. 
Ipp 2mA max 2mA max Digital Inputs = Vinn 
or VINL 
NOTES 
1], A and S versions are monotonic to 11 bits. 
2k, B and T versions are monotonic to 12 bits. 
> Using internal feedback resistor. 
“Max gain change from +25°C to Tmin or Tmax is t4.2LSB max. 
§ Guaranteed by design, not subject to test. 
Specifications subject to change without notice. 
ABSOLUTE MAXIMUM RATINGS SPECIFICATION DEFINITIONS 
) é . 
(Ta = +25 C unless otherwise noted) RESOLUTION: Value of the LSB. For example, a unipolar 


converter with n bits has a resolution of (27")(Vpgp). A 


Vpp (toGND)............0005. phat aisha, ee +17V ; 
pp (to ee easy) bipolar converter of n bits has a resolution of [2-(n-1)] 
VREF — D BOONE eats Poe not eve Carag ote ERS PP gee =e (VeEF]. Resolution in no way implies linearity. 
Digital Input Voltage Range ...........+4.- Vpp to GND 
= oe - a ge poe : Vy SETTLING TIME: Time required for the output function of 
Output 7 tage (Pin 1, Pin2) 6... se eens au COD the DAC to settle to within 1/2 LSB for a given digital in- 
Power Dissipation (Package) put stimulus, i.e., 0 to Full Scale. , 
; ° 
Upto+75 C .. eee eee Pg ee Con ne 45 va GAIN: Ratio of the DAC’s operational amplifier output 
Derate above +75°C by 684 0405s cree ewe aes 6mW/ C voltage to the input voltage. 
J ORC Une Temperature : FEEDTHROUGH ERROR: Error caused by capacitive 
JN, KN Versions... 2.0... 5020+ eee eee ay to +70 C coupling from Vpgr to output with all switches OFF. 
. ° 
AD, BD versions oo © © © © © © oe ee ew ee =o2 C to a8 2G OUTPUT CAPACITANCE: Capacity from IouT1 and 
SD, TD Versions ore ee © © wo we ew fo ee -55 C to +125 C louT2 terminals to ground. 
° ° 
Storage PEM PEralure: casas Yee eon oY aes ~65 C to +150 C OUTPUT LEAKAGE CURRENT: Current which appears 
CAUTION on Igyti terminal with all digital inputs LOW or on I9yuT2 


terminal when all inputs are HIGH. 
1. Do not apply voltages higher than Vpp or less than GND 

potential on any terminal except VrgF. 
2. The digital control inputs are zener protected; however 

permanent damage may occur on unconnected units under 

high energy electrostatic fields. Keep unused inputs in 

conductive foam at all times. 
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TYPICAL PERFORMANCE CHARACTERISTICS APPLICATION HINTS 

Linearity depends upon the potential of Ig9yt1 and Iout2 
(pin 1 and pin 2) being exactly equal to GND (pin 3) and the 
output amplifiers non-inverting (+) input. Careful PC board 
layout and adjustment and selection of the amplifiers offset 
voltage and bias current is necessary. 


The input structures of some high speed operational amplifiers 
can attempt to draw substantial current during switch-on. 
Schottky diodes should be used in these circumstances to 
prevent the absolute maximum rating‘for VouT1 and Vout2 
being exceeded. 


GAIN ERROR —- +% 


The power supply should be carefully checked for noise, 
which would affect performance, and overshoot which could 
Vop — Volts damage the device. 


- Figure 1. Gain Error vs. Supply Voltage Unused digital inputs must always be grounded or taken to - 
| Vpp to ensure correct operation. Particular care should be 


taken when digital inputs are routed to another PC card. It is _ 
recommended that inputs open-circuited when PC cards are 
disconnected be taken to Vpp or GND via high value (1MS2) 
resistors to prevent the accumulation of static charges. 


CIRCUIT DESCRIPTION 


GENERAL CIRCUIT INFORMATION 

The AD7541, a 12-bit multiplying D/A converter, consists 
of a highly stable thin film R-2R ladder and twelve CMOS 
current switches on a monolithic chip. Most applications 
Np volts require the addition of only an output operational amplifier 
and a voltage or current reference. 


Figure 2. Supply Current vs. Supply Voltage 


The simplified D/A circuit is shown in Figure 5. An inverted 
R-2R ladder structure is used — that is, the binarily weighted 
currents are switched between the Ig9y71 and Igyr2 bus lines, 


# thus maintaining a constant current in each ladder leg inde- 
rs pendent of the switch state. 
& 
> VrerF 
(= 
« 
< 
Ww 
iS 
a 
O lourtz2 
Olouts 
teeta 
| | cca O RreepBack 
fe) fe) fo) 
BIT 1 (MSB) BIT 2 BIT 3 BIT 12 (LSB) 
DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 
Figure §. AD7541 Functional Diagram (Inputs “HIGH”) 

ae : : : . . 

! One of the CMOS current switches is shown in Figure 6. The 

© geometries of devices 1, 2 and 3 are optimized to make the 

z digital control inputs DTL/TTL/CMOS compatible over the 

3 full military temperature range. The input stage drives two 

Ww . ° . ° . 

w inverters (devices 4, 5, 6 and 7) which in turn drive the two 


output N-channels. The “ON”’ resistances of the switches are 
binarily scaled so the voltage drop across each switch is the 
same. For example, switch 1 of Figure 6 was designed for an 
“ON” resistance of 10 ohms, switch 2 of 20 ohms and so on. 
| For a 10V reference input, the current through switch 1 is 
Figure 4. Feedthrough Error vs. Frequency 0.5mA, the current through switch 2 is 0.25mA, and so on, 


FREQUENCY — Hz 
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thus maintaining a constant 5mV drop across each switch. It 
is essential that each switch voltage drop be equal if the 
binarily weighted current division property of the ladder is to 
be maintained. 


f TO LADDER 


Figure 6. CMOS Switch 


EQUIVALENT CIRCUIT ANALYSIS 

The equivalent circuits for all digital inputs high and all digital 
inputs low are shown in Figures 7 and 8. In Figure 7 with all 
digital inputs low, the reference current is switched to Ipy72. 
The current source ILEAKAGE iS composed of surface and 
junction leakages to the substrate while the 1/4096 current 
source represents a constant 1-bit current drain through the 


Re EEDBACK 


lout 


IREF : 
—_——_ 


VRer 


Figure 7. AD7541 Equivalent Circuit — 
All Digital Inputs Low 


termination resistor on the R-2R ladder. The ““ON”’ capaci- 
tance of the output N-channel switch is 200pF, as shown on 
the Ipnyr2 terminal. Analysis of the circuit for all digital inputs 
high, as shown in Figure 8, is similar to Figure 7; however, the 
“ON” switches are now on terminal I9y71, hence the 200pF 
at that terminal. 


R = 10k22 
IREF 
—— sae 


VRer 


LEAKAGE LG” 
\ ILEAKAGE 5” 


Figure 8. AD7541 Equivalent Circuit — 
All Digital Inputs High 


lout2 
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DYNAMIC PERFORMANCE 


OUTPUT IMPEDANCE 

The preceding circuit analysis shows that the output capaci- 
tance is dependent upon the digital code, as is the output 
resistance. Looking back into Igy7, the resistance seen is 
anything between 10k22 (REEEpDRACK alone) and 5kQ (Rg 
in parallel with the 10kQ2 network resistance). 


This variation affects both static accuracy and dynamic 
performance. The effect on static accuracy is further con- 
sidered in the Applications section under Output Amplifier 
Considerations, The dynamic performance of the AD7541 
will depend upon the gain and phase stability of the output 
amplifier, together with the optimum choice of PC board 
layout and decoupling components. 


+15V 
O 


VRer 


DIGITAL AD7541 


INPUT 


| 
| 
BIT 12 (LSB) : 


Figure 9. DAC Circuit Using AD741K 


20yus/DIV 


* DIGITAL 
INPUT 


BIT 12 (LSB) 


Figure 11. DAC Circuit Using AD518K 


Tus/DIV 


5V/DIV 


Figure 12. Output Waveform 


DIGITAL 
INPUT 
BIT 12 (LSB) 


Figure 13. DAC Circuit Using AD509K 


Tys/DIV 


Figure 14, Output Waveform 


The circuits and waveforms shown in Figures 9 to 14 are repre- 
sentative of the three principal types of output amplifiers. A 
general purpose low drift (AD741K), a high speed low cost 
(AD518), and a fast settling unit (AD509). 

Points to remember when applying high speed amplifiers 
include: 


1. Protection diodes as shown in Figures 15 and 16. 
2. Phase compensation for the DAC’s output capacitance. 
3. Power supply decoupling and correct load earthing. 


APPLICATIONS 


R1 2k 


Vrer O 
BIT 1 (MSB) 


BIT 12 (LSB) 


Figure 15. Unipolar Binary Operation 


UNIPOLAR BINARY OPERATION 


The connections required for unipolar digital binary operation 
are shown above. Vygrf may be positive or negative so 2-quad- 
rant multiplication may be performed. Schottky diode D1 
(HP 5082-2811 or equivalent) prevents Inyt1 from negative 
excursions which could damage the device. This precaution is 
only necessary with certain high speed amplifiers. The diodes 
are not required when using TRI-FET amplifiers such as the 
AD542 or AD544. 


BIPOLAR (4-QUADRANT) BINARY OPERATION 

The digital input is offset binary coded and multiplies Vafr 
according to Table 2. Resistors R3 and R4 should be equal 
within 0.1% at all temperatures, but need not track the re- 
sistors within the AD7541. D1 and D2 perform the same 


RIAN 


VreF O 


BIT 1 (MSB) 
° 4 


BIT 12 (LSB) 


Figure 16. Bipolar (4-Quadrant) Binary Operation 


function as in Figure 15. Network R5, R6, R7 sum 1/2LSB 
of current into Igyf2 to ensure correct coding at Zero. 


R1 can be adjusted. to produce the outputs shown in Table 1. 
However, it is recommended that when the application permits 
it, R1 and R2 be omitted. The maximum gain error in this 
condition is 0.3% of full scale. The offset voltage of amplifier 
A1 should be adjusted to less than 0.5mV over the tempera- 
ture range. 


111111111111 


-0.99975 VreF 
100000000000 -0.50000 VreEF 


011111111111 -0.49975 VreF 
000000000000 0 


teh, 


Table 1. Code Table for Circuit of Figure 15. 


DIGITAL INPUT NOMINAL ANALOG OUTPUT 


111111111111 
100000000001 
100000000000 
010000000000 
000000000000 


-0.99951 VrEF 
-0.00049 VrEF 
0 
+0.50000 VpEF 
+1.00000 VrEF 


Table 2. Code Table for Circuit of Figure 16. 


Amplifiers Al and A2 should be adjusted to an input offset of 
less than 0.1mV and should be better than 0.5mV over the 
temperature range. With Vpgr Set to approximately 10V, R5 
should be adjusted so that with code 10000000000 Vout = 
OV +0.2mV. R1 should be adjusted so that with code 
000000000000 Vout = VreEF- 


As with the unipolar circuit R1 and R2 can be omitted, with 

a resulting maximum gain error of 0.3% of full scale. RS may 
be replaced by a 1002 fixed resistor. The maximum zero error 
if this is done is 0.015% of F.S.R. 


OUTPUT AMPLIFIER CONSIDERATIONS 

It has already been pointed out that the DAC output resistance 
varies with the digital code. The effect this has on static accu- 
racy will now be considered. 


DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10-167 


Figure 17. 


The error voltage = Vos ( + a) 
Ro 


Ro is a function of the digital code. 
Ro = 10kQ22 for any more than 4-bits Logic 1. 
Ro = 30kQ for any single bit Logic 1. 


The gain for offset, therefore, changes as follows: 


: 10k 
au code 001111111111 Verrori = Vos (1 + 10k.) =2 Vos 


At code 010000000000 Vgrror? = Vos (1 - oe ) =5 


The error difference is therefore : Vos 


Since, for a 12-bit resolution DAC, one LSB has a weight (for | 


VreF = +10V) of 2.5mV, it is clearly important that Vos be 
nulled, either using the amplifiers nulling facility or an ex- 
ternal network. 


It is important to realize that an offset can be caused by in- 
cluding the usual bias current compensation resistor in the 
amplifiers non-inverting input terminal. This should not be in- 
cluded. Instead the amplifier should have a bias current which 
is low over the temperature range of interest, and should 
certainly not exceed 75nA. 


ANALOG/DIGITAL DIVISION 


OBIT 1 (MSB) 

O DIGITAL 
INPUT 

OBIT 12 (LSB) 


Figure 18. Analog/Digital Divider 


With the AD7541 connected in its normal multiplying configu- 
ration as shown in Figure 15, the transfer function is 
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v, 


= 3 Vos 


where the coefficients Ax assume a value of 1 for an ON bit 
and O for an OFF bit. 


By connecting the DAC in the feedback of an operational 
amplifier, as shown in Figure 18, the transfer function becomes 


This is division of an analog variable (Vjy) by a digital word. 
With all bits off, the amplifier saturates to its bound, since 
division by zero is not defined. With the LSB (Bit 12) ON, 
the gain is 4096. With all bits ON, the gain is 1 (+1 LSB). 


DIGITAL/SYNCHRO CONVERTER 


QUADRANT 
DECOOE 
LOGIC 


SIN/COS 
ROM 


DIGITAL" 


‘Vaer 


Ve | ees 
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Figure 19. 14-Bit Digital to Synchro Converter 


The low cost and high accuracy available from the AD7541, 
together with its bipolar multiplying capability is exploited 
fully in the circuit of Figure 19. Vpgr is commonly 400Hz 
but by replacing the transformers with dc coupled circuits 
coordinate transformation may be performed. 


The SIN/COS ROM is readily available at low cost and the 


AD7512 switch enables greater resolution to be obtained. 


Resolver-to-synchro transformation is performed by the Scott 
connected pair T1 and T1A. The power available to the load 
connected to S1, S2 and S3 is determined by the amplifiers 
Al and A2. A particular advantage of the circuit shown in 
Figure 19 is that it is invariant with respect to 0, and may 

be used to directly drive equipment such as CRT displays. 


ANALOG 


CMOS 


DEVICES ____12-Bit Monolithic Multiplying DAC 


—__ADTS41A | * 


PRELIMINARY 


FEATURES 

Full Four Quadrant Multiplication 
12-Bit Linearity (End-Point) 

+ 1LSB Gain Error 

All Parts Guaranteed Monotonic 
TTL/CMOS Compatible 

Low Cost 

Protection Schottky not Required 


GENERAL DESCRIPTION 

The Analog Devices’ AD7541A is a low cost, high performanice 
12-bit monolithic multiplying digital to analog converter. It is 
fabricated using advanced, low noise, thin film on CMOS 
technology and packaged in a standard 18-pin DIP. 


The AD7541A is functionally and pin compatible with the 
industry standard AD7541 devices and offers improved specifi- 
cations and performance. The improved design ensures that the 
device is latch-up free so no output Schottky protection diodes 
are required. 


This new device uses laser wafer trimming to provide full 12-bit 
end-point linearity with several new high performance grades 
providing 1/4LSB maximum nonlinearity and 1/2LSB maximum 
differential nonlinearity. 


ORDERING INFORMATION 


Gain Temperature Range 
Error 
Ta = +25°C| Oto +70°C —25°Cto +85°C!}| —55°C to + 125°C! 


Relative 
Accuracy 
Tmin tO Trax 


+ 1LSB AD7541AJN | AD7541AAQ AD7541ASD 
+ 1/2LSB AD7541AKN | AD7541ABQ AD7541ATD 
+ 1/2LSB - - AD7541AGTD 
+ 1/4LSB AD7541ALN | AD7541ACQ - 


+ 1/4LSB AD7541AGLN | AD7541AGCQ 


NOTES: 
'883B version is available, to order ADD “/883B” to part number. 


PACKAGE IDENTIFICATION! 
Suffix ‘‘N”’ — Plastic DIP (N18B) 
Suffix “Q’’ — Cerdip? (Q18A) 
Suffix “D” — Ceramic DIP (D18B) 


'See Section 20 for package outline information. 


Analog Devices reserves the right to ship ceramic packages in lieu of Cerdip 
packages. 


AD7541A FUNCTIONAL BLOCK DIAGRAM 


O OUT2 
O OUT1 


O ReeeDBACK 


O O O 
BIT1(MSB) BIT2 BIT3 BIT 12 (LSB) 


DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 
Logic: A switch is closed to Ioyt1 for 
its digital input in a “HIGH” state. 


PRODUCT HIGHLIGHTS 

Compatability: The AD7541A can be used as a direct replacement 
for any AD7541-type device. As with the Analog Devices 
AD7541 the digital inputs are TTL/CMOS compatible and have 
been designed to have a + 1pA maximum input current 
requirement so as not to load the driving circuitry. 


Improvements: The AD7541A offers the following improved 
specifications over the AD7541: 


1. Gain Error for all grades has been reduced and a special G 
grade version with a maximum gain error of + 1LSB is 
available to eliminate the need for gain trimming. 


2. Gain Error temperature coefficient has been reduced to 
_ 2ppm/°C typical and 6ppm/°C maximum. 


3. Digital to analog charge injection energy for this new device 
is typically 20% less than the standard AD7541 part. 


4. Latch-up proof. 


PIN CONFIGURATION 
(NOT TO SCALE) 


TOP VIEW 


outi[ 1 | | 18] Reeeosack 
ouT2 [2 | 117} Vrer IN 
GND L3_| 116} Voo (+) 


BIT 1 (MSB) L4_| 115] BIT 12 (LSB) 


BIT 2 LS] 114) Bit 11 
BIT 3 L&_] 113} BIT 10 
BIT 4 LZ) 112] BIT 9 
BIT5 (8 | 111} BIT 8 
BiT 6 L9_] BIT 7 
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SPECI FICATIONS (Vop = +15V, Veer = ca Vow: = — = OV unless otherwise specified) 


Ta= T 


A= 
Parameter Version © + 25°C Tinins Tmax Units Test Conditions/Comments 
ACCURACY 
Resolution All 12 12 Bits 
Relative Accuracy J,A,S +] 1 LSB max + 1LSB = 0.024% 
K,B,T,GT +% + LSB max +4 = 0.012% 
L,C,GL,GC +% + LSB max +Y% = 0.006% 
Differential Nonlinearity J. A,S +] +] LSB max All grades guaranteed monotonic. 
B,T,G,T +l +V LSB max Tmin tO T max 
L,C,GL,GC +% +Y% LSB max 
Gain Error J,A,S +6 +9 .LSB max Measured using internal Rxg and includes 
K,B,T +4 +7 LSB max effect of leakage current and gain T.C. 
L,C +4 +6 LSB max Gain error can be trimmed to zero. 
GL,GC,GT +1 +4 LSB max 
Gain Temperature Coefficient? : 
AGain/A Temperature All 6 6 ppm/°C max Typical value is 2ppm/°C. 
Output Leakage Current 
OUT] (Pin 1) J,K,L,GL +5 +10 nA max All digital inputs = OV. 
A,B,C,GC aS +10 nA max 
S,T,GT £5 + 200 nA max 
OUT 2 (Pin 2) J,K,L,GL +5 +10 nA max All digital inputs = Vpp. 
A,B,C,GC +5 +10 nA max 
S,T,GT +5 + 200 nA max 
REFERENCEINPUT 
Input Resistance(PinI7toGND) All 7-18 7-18 kQmin/max Typical input resistance = 11k. 
Typical input resistance temperature coefficient = 
— 300ppm/°C. 
DIGITAL INPUTS 
Vin (Input HIGH Voltage) All 2.4 2.4 V max 
Vit (Input LOW Voltage) All 0.8 0.8 V min 
Inn (Input Current) All +] aa | pA max Logic inputs are MOS gates. I;x typ (25°C) = 1nA. 
Cyn (Input Capacitance) All 8 8 pF max Vin = OV 
POWER SUPPLY 
Vpp Range All +5to+16 +Sto+16 Vmin/V max Accuracy is not guaranteed over this range. 
Ipp All 2 2 mA max All digital inputs Vy, or Vin. 
100 500 yA max All digital inputs OV or Vpp. 


AC PERFORMANCE CHARACTERISTICS 


These Characteristics are Included for Design Guidance Only and are not Subject to Test. 
Von = +15V, Viy = —10V except where stated, Vow; = Vpw2 = OV, Output Amp is AD544 except where stated. 


Ta = Ta = 
Parameter Version! +25°C Tininy Tmax! Units Test Conditions/Comments 
PROPAGATION DELAY (From Digital Input OUT 1 Load = 1000 Cgex7 = 13pF 
Change to 90% of Final Analog Output) All 100 - ns typ Digital Inputs = OVto Vppor Vpp to 0V. 
DIGITAL TO ANALOG CHARGE Vrer = OV. 
INJECTION (Q.D.A.) All 1000 - nV-sec typ Measured using ADLH0032CG as output amplifier. 
MULTIPLYING FEEDTHROUGH ERROR? 
(Veer to OUT) All 1.0 1.0 mV p-ptyp Veer = + 10V, 10kHz sine wave. 
OUTPUT CURRENT SETTLING TIME Alt 1 - pis typ To 0.01% of full scale range. 
OUT] load = 1009, Cexy7 = 13pF. 
Digital inputs = 0V to Vppor Vpp to0V 
POWER SUPPLY REJECTION . 
AGain/AVpp All +0.01% +0.02%  %per%/max AVpp = +5% 
OUTPUT CAPACITANCE 
Cour: (Pin 1) All 200 200 pF max Digital Inputs 
Cout2 (Pin 2) All 70 70 pF max = Vin 
Cour; (Pin 1) All 70 70 pF max Digital Inputs 
Cour2 (Pin 2) : All 200 200 pF max = Vit 
OUTPUT NOISE VOLTAGE DENSITY et 
(10Hz-100@kHz) All 22 = nV/V Hz typ Johnson noise for 11k? resistor is 
13.5nV/V Hz. 
NOTES 
'Temperature range as follows: JN, KN, LN, GLN versions: 0 to + 70°C Guaranteed by design but not production tested. 
AQ, BQ, CQ, GCQ versions: — 25°C to + 85°C 3To minimize feedthrough in the ceramic package (Suffix D) the user must ground the metal lid. 
ST, TD, GTD versions: — 55°C to + 125°C. Specifications subject to change without notice. 
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ANALOG ee! 
DEVICES uP Compatible 12-Bit DAC 


AD7942 | ° 


FEATURES AD7542 FUNCTIONAL BLOCK DIAGRAM 
Resolution: 12 Bits veer 

Nonlinearity: +1/2LSB Tmin to Tmax 

Low Gain Drift: 2ppm/°C typ, 5ppm/C max 
Microprocessor Compatible 

Full 4-Quadrant Multiplication 

Low Multiplying Feedthrough 

Low Power Dissipation: 40mW max 

Low Cost 

Small Size: 16-Pin DIP 

Latch Free (Protection Schottky Not Required) 


To 


12- | taarronencasren | | taarronencasren | REGISTER 
(14) Vop 
soe EEE EEE 
H-BYTE 


a nae (12) DGND 
DATA DATA 
Terr REGISTER REGISTER 


ADORESS 
DECODE 


GENERAL DESCRIPTION 
The AD7542 is a precision 12-bit CMOS multiplying DAC 
designed for direct interface to 4- or 8-bit microprocessors. 


The functional diagram shows the AD7542 to consist of three 
4-bit data registers, a 12-bit DAC register, address decoding 
logic and a 12-bit CMOS multiplying DAC. Data is loaded 
into the data registers in three 4-bit bytes, and subsequently 
transferred to the 12-bit DAC register. All data loading or 
data transfer operations are identical to the WRITE cycle of a 
static RAM. A clear input allows the DAC register to be easily 
reset to all zeros when powering up the device. 


The AD7542 is manufactured using an advanced thin-film on 
monolithic CMOS fabrication process. Multiplying capability, 
low power dissipation, +5V operation, small size (16-pin DIP) 
and easy uP interface make the AD7542 ideal for many instru- 
mentation, industrial control and avionics applications. 


ORDERING INFORMATION 


Temperature Range and Package 
Industrial 
(Ceramic) 
-25°C to +85°C 


Military 
(Ceramic) 
-55°C to +125°C 


Commercial 
(Plastic) 
0 to +70°C 


Relative 
Accuracy 
(Tmin tO Tmax) 


+1LSB +12.3LSB AD7542JN AD7542AD AD7542SD 


AD7542AD/883B' | AD7542SD/883B! 
+1/2LSB +12.3LSB| AD7542KN_ | AD7542BD AD7542TD 

AD7542BD/883B! | AD7542TD/883B! 
+1/2LSB AD7542GKN | AD7542GBD AD7542GTD/ 


AD7542GBD/883B! | AD7542GTD/883B! 


+ 100% screened to MIL-STD-883, Method 5004, paragraph 3.1.1 through 
3.1.12 for Class B device. 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP — (D16B) 
Suffix N: Plastic DIP — (N16B) 


*See Section 20 for package outline information. 
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| SPECIFICATIONS (Vpop = +5V, VREE = +10V, VoUT1 = VOUT2 = OV unless otherwise noted) 


Limit At’ Limit At! 
Limit At Ty, = 0,+70°C, Ta = -55°C 
Parameter Ta = 425°C -25°C & +85°C &+125°C —_Units Conditions/Comments 
ACCURACY 
Resolution : 12 12 12 Bits 
Relative Accuracy? 
JN, AD, SD Versions tl . ti tl LSB max 
KN, BD, TD Versions £1/2 41/2 1/2 LSB max 
GKN, GBD, GTD Versions 1/2 1/2 1/2 LSB max 
Differential Nonlinearity” 
JN, AD, SD Versions +2 +2 +2 LSB max Monotonic to 11 bits from Tin to Tmax 
KN, BD, TD Versions +1 +1 +1 LSB max Monotonic to 12 bits from Tmin to Tmax 
GKN, GBD, GTD Versions tl t1 +1 LSB max Monotonic to 12 bits from Tin to Tmax - 
Gain Error? 
JN, KN, AD, BD, SD, TD £12.3 £13.5 114.5 LSB max Using internal RFB only (gain error can be 
GKN, GBD, GTD t1 t1 +2 LSB max trimmed to zero using circuits of Figures 5 & 6) 
Gain Temperature Coefficient 
AGain/ATemperature 5 5 5 ppm/°C max Typical value is 2ppm/°C 
Power Supply Rejection 
AGain/AVpp 0.005 0.01 0.01 % per % max Vpp = +4.75V to +5.25V 
Ourput Leakage Current 
Kyuti (Pin 4) 1 10 200 nA max DAC Register loaded with all Os 
IpuT2 (Pin 5) 1 10 200 nA max DAC Register loaded with all 1s 
DYNAMIC PERFORMANCE 
Current Settling Time? 2.0 2.0 2.0 us max To 1/2LSB. OUT1 load = 1002. DAC output measured from falling 
edge of WR. 
Multiplying Feedthrough Error® 2.5 2.5 2.5 mV p-p max VrerF = t10V, 10kHz sine wave 
REFERENCE INPUT 
Input Resistance (pin 15) 8/15/25 8/15/25 8/15/25 kQ min/ty p/max 
ANALOG OUTPUTS 
Output Capacitance 
Cout1" 75 75 75 pF max DAC register loaded to 0000 0000 0000 
CouTi> 260 260 260 pF max DAC register loaded to 1111 11111111 
Cout2? : 75 75 75 pF max DAC register loaded to 1111 1111 1111 
Cout2? 260 260 — 260 pf max DAC register loaded to 0000 0000 0000 
LOGIC INPUTS 
Vino (Logic HIGH Voltage) +3.0 - +30 — +3.0 V min © 
VINL (Logic LOW Voltage) +0.8 +0.8 +0.8 V max 
lin’ 1 1 1 MA max Vin = OV or Vpp 
Cin (Input Capacitance)? 8 8 8 pF max 
Input Coding 12-Bit Unipolar Binary or 12-Bit Offset 
Binary (see Figures 5 and 6). Data is 
loaded into data registers in 4-bit bytes. 
SWITCHING CHARACTERISTICS® (See Figure 7) 
twR 120 220 220 ns min twr: WRITE pulse width 
tAWH 50 65 65 ns min ; tawH: Address-to-WRITE hold time 
tcwH 50 100 100 ns min tcwH: Chip select-to-WRITE hold time 
‘CLR 200 300 300 ns min tcLr: Minimum CLEAR pulse width 
Byte Loading 
tcws 60 130 130 ns min tcws: Chip select-to-WRITE setup time 
taws 80 180 180 ns min taws: Address valid-to-WRITE setup time 
tps 50 65 65° ns min tps: Data setup time 
tpH 50 65 65 ns min tpH: Data hold me 
DAC Loading 
tcws 60 150 150 ns min tcws: Chip select-to-WRITE setup time 
TAWS 120 240 240 ns min taws: Address valid-to-WRITE setup time 
POWER SUPPLY 
Vpp (Supply Voltage) +5 +5 +5 Vv +5% for specified performance 
Ipp (Supply Current) 8 8 8 mA max Digital Inputs = Ving or VINL 
‘NOTES: 


1 Temperature Ranges as follows: AD7542JN, KN, GKN: 0 to +70°C : 
AD7542AD, BD, GBD: -25°C to +85°C 
AD7542SD, TD, GTD: -55°C to +125°C 

2 See definitions on next page. 

3 Guaranteed but not tested. 

“ Logic inputs are MOS gates. Typical input current (+25°C) is less than 1nA. 

‘Sample tested at +25°C to ensure compliance. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
(Ta = +25°C unless otherwise noted) 


Vpp to AGND ieee eacuale dado $ Rd awe eS awe OV, +7V 
Vpp tO: DGND es het ds oe haw Se Seas OV, +7V 
AGND'1to:DGND.. j:6 44-6356 eel iw a ee oe Vpp 
DGND (te AGND’: ¢ aka CoS we dee Aes ee ae Vpp 
Digital Input Voltage to DGND 

CDINS 4b 1S) ate 48 eee ee waka -0.3V, +15.3V 
Vpin1, VPIN2 to AGND ...........02008- -0.3V, +15V 
VeER tO AGNDD $.ice bbl AAAS EO ee RE +25V 
VrFB to AGND ........ ee ee ees +25V 


Power Dissipation (Package) 
Plastic (Suffix N) 


16470 Cg ee aed oct eeGe ese eae: 670mW 

Derates above +70°C by.......20 00 eee 8.3mW/°C 
Ceramic (Suffix D) 

TOATS G, Sahis oe haben tc and eae need: 450mW 

Derates above +75 Cby.........e eee ees 6mW/°C 


Operating Temperature Range 
Commercial Plastic (JN, KN, GKN versions). 
Industrial Comamic (AD, BD, GBD versions) 
fas ir te Oncen aem wtansseteee: Maat toads “25°C to +85°C 
Military Ceramic (SD, TD. GTD versions). . 355. °C to +125" C 
Storage Temperature............. .-65°C to +150°C 
Lead Temperature (Soldering, 10 secs) ......... +300°C 


.. 0 to +70°C 


*COMMENT: Stresses above those listed under ‘“‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION: 


ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject 
to high energy electrostatic fields. Unused devices must be stored in conductive foam 
or shunts. The protective foam should be discharged to the destination socket before 


devices are removed. 


WARNING! 
WS 


ESD SENSITIVE DEVICE 


TERMINOLOGY 


RELATIVE ACCURACY 

Relative accuracy on endpoint nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the endpoints of the DAC transfer function. It is measured 
after adjusting for zero and full scale and is expressed in % of 
ppm of full scale range on (sub) multiples of 1LSB. 


DIFFERENTIAL NONLINEARITY | 

Differential nonlinearity is the difference between the meas- 
ured change and the ideal 1LSB change between any two ad- 
jacent codes. A specified differential nonlinearity of +1LSB 


max over the operating temperature range insures monotonicity. 


GAIN ERROR 

Gain is defined as the ratio of the DAC’s Full Scale output 

to its reference input voltage. An ideal AD7542 would exhibit 
a gain of -4095/4096, Gain error is adjustable using external 
trims as shown in Figures 5 and 6. 


OUTPUT LEAKAGE CURRENT 
Current which appears at OUT1 with the DAC register loaded 
to all Os or at OUT2 with the DAC register loaded to all 1s. 


MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from Vrgr terminal 
to OUT1 with DAC register loaded to all Os. 


—" MNEMONIC FUNCTION PIN | MNEMONIC FUNCTION 


DAC current output bus. Normally 


terminated at op amp 
virtual ground 


DAC current output bus. Normally 


terminated at ground 
Analog Ground 

Data Input (MSB) 
Data Input 

Data Input 


Data Input (LSB) 

Chip Select Input 
WRITE Input 

Address Bus Input 
Address Bus Input 
Digital Ground 

Clear Input 

+5V Supply Input 
Reference Input 

DAC Feedback Resistor 


Table 1, Pin Function Description 
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Analog Circuit Description 


GENERAL CIRCUIT INFORMATION 

The AD7542, a 12-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and twelve N-channel 
current switches on a monolithic chip. Most applications 
require the.addition of only an output operational amplifier 
and a voltage or current reference. 


The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used—that is, the binarily weighted 
currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg indepen- 
dent of the switch state. 


VREFO 


| | 
DAC REGISTER 


Figure 1. AD7542 Functional Diagram 


One of the current switches is shown in Figure 2. The input 
resistance at Vpgr (Figure 1) is always equal to RLpr (RLpR 
is the R/2R ladder characteristic resistance and is equal to 
value ‘“*R”’), Since Ryy at the VpgF pin is constant, the refer- 
ence terminal can be driven by a reference voltage or a refer- 
ence current, ac or dc, of positive or negative polarity. (If a 


TO LADDER 


FROM 
INTERFACE 
LOGIC 


OUT2 OUT1 


Figure 2, N-Channel Current Steering Switch 
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current source is used, a low temperature coefficient external 
Rpg is recommended to define scale factor.) 


EQUIVALENT CIRCUIT ANALYSIS 

The equivalent circuits for all digital inputs LOW and all 
digital inputs HIGH are shown in Figures 3 and 4. In Figure 

3 with all digital inputs LOW, the reference current is switched 
to OUT2. The current source ILEAKAGE iS composed of 
surface and junction leakages to the substrate, while the 
1/4096 current source represents a constant 1-bit current 
drain through the termination resistor on the R-2R ladder. 
The “ON” capacitance of the output N-channel switch is 
260pF, as shown on the OUT2 terminal. The ‘“‘OFF” switch 
capacitance is 75pF, as shown on the OUT1 terminal. Analysis 
of the circuit for all digital inputs HIGH, as shown in Figure 4, 
is similar to Figure 3; however, the ‘‘ON”’ switches are now on 
terminal OUT1, hence the 260pF at that terminal. 


Figure 3, AD7542 DAC Equivalent Circuit.All Digital Inputs 
LOW 


Figure 4, AD7542 DAC Equivalent Circuit All Digital Inputs 
HIGH 


UNIPOLAR BINARY OPERATION 


(2-QUADRANT MULTIPLICATION) 

Figure 5 shows the analog circuit connections required for uni- 
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at pin 15, the 
Circuit is a unipolar D/A converter. With an ac reference volt- 
age or current the circuit provides 2-quadrant multiplication 
(digitally controlled attenuation). The input/output relation- 
ship is shown in Table 2. 


R1 provides full scale trim capability [i.e.—load the DAC 
register to 1111 1111 1111, adjust R1 for Vout = -VREF 
(4095/4096)]. Alternatively, Full Scale can be adjusted by 
omitting R1 and R2 and trimming the reference voltage 
magnitude, 


C1 phase compensation (10 to 25pF) may be required for 
stability when using high speed amplifiers, (C1 is used to cancel 
the pole formed by the DAC internal feedback resistance and 

output capacitance at OUT1). 


Amplifier Al should be selected or trimmed to provide 

Vos < 10% of the voltage resolution at Voyr. Additionally, 
the amplifier should exhibit a bias current which is low over 
the temperature range of interest (bias current causes output 


ADS44L (SEE TEXT) 


OGND AGND 


NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NO. 4. 


Figure 5. Unipolar Binary Operation (2-Quadrant 
Multiplication) 


BINARY NUMBER IN 
DAC REGISTER 
MSB LSB 


1111 1111 1111 -VRE 


ANALOG OUTPUT, Vout 


4095 
4096 


1000 0000 0000 


O 
-Vrer( 748 =-1/2 VREF 


1 
~Vrer (q098) 
0000 0000 0000 ov 


0000 0000 0001 


Table 2, Unipolar Binary Code Table for Circuit of Figure 5 


offset at Voyr equal to Ig times the DAC feedback resistance, 
nominally 15k922). The AD544L is a high-speed implanted 


-FET-input op amp with low, factory-trimmed Vos. 


BIPOLAR OPERATION 

(4-QUADRANT MULTIPLICATION) 

Figure 6 and Table 3 illustrate the circuitry and code relation- 
ship for bipolar operation. With a dc reference (positive or _ 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the eleven LSBs provide digitally con- 
trolled attenuation of the ac reference while the MSB provides. 
polarity control. 


With the DAC register loaded to 1000 0000 0000, adjust R1 
for Vout = OV (alternatively, one can omit R1 and R2 and 
adjust the ratio of R3 to R4 for Voyr = OV). Full scale 
trimming can be accomplished by adjusting the amplitude of 
Vr_eF or by varying the value of R5. 


As in unipolar operation, Al must be chosen for low Vos and 
low Ip. R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 or 2R3 causes Full Scale 
error. C1 phase compensation (10pF to 25pF) may be required 
for stability. 


+10V Voo 
Veer +5V 
e e 


(SEE TEXT) 


NOTES 
1. LOGIC INPUTS OMITTED a CLARITY 
2. SEE APPLICATION HINT NO. 4 


Figure 6. Bipolar eacaes (4-Quadrant Multiplication) 


BINARY NUMBER IN 
DAC REGISTER 
MSB LSB 


1111 1111 1111 


ANALOG OUTPUT, Vout 


*Vrer (3045 ) 


1000 0000 0001 


1 
+VreF (3045) 
1000 0000 0000 ov 


0111 1111 1111 -VreF (3648) 


2048 
-Vrer( 2048 ) 
Table 3. Bipolar Code Table for Offset Binary Circuit of 
Figure 6 


0000 0000 0000 
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INTERFACE LOGIC 

INTERFACE LOGIC INFORMATION 

The AD7542 is designed to interface as a memory-mapped 
output device. | 


A typical system configuration is shown in Figure 8. CS 

is the decoded device address, and is derived by decoding the 
three higher order address bits. AO and Al is the AD7542 
operation address, and is decoded internally in the AD7542 
to point to the desired loading operation (i.e. load high byte, 
middle byte, low byte or DAC register). Table 4 shows the 
AD7542 truth table. 


All data loading operations are identical to the write cycle of 
a RAM as shown in Figure 7. 


Additionally, the CLR input allows the AD7542 DAC register 
to be cleared asynchronously to 0000 0000 0000. When oper- 
ating the AD7542 in a unipolar mode (Figure 5), a CLEAR 
causes the DAC output to assume OV. In the bipolar mode 
(Figure 6), a CLEAR causes the DAC output to go to -VprgEF. 


In summary: 

1, The AD7542 DAC register can be asynchronously cleared 
with the CLR input. 

2. Each AD7542 requires 4 locations in memory. 

3. Performing any of the four basic loading operations (i.e. 


load low byte data register, middle byte data register, high . 


byte data register or 12-bit DAC register) is accomplished 
by executing a memory WRITE operation to the appli- 
cable address location for the required DAC operation. 


AD7542 Operation 


Resets DAC 12-Bit Register 
to Code 0000 0000 0000 


No Operation 
Device Not Selected 


Load LOW Byte® 
Data Register On 
Edge As Shown 


Load 


Load MIDDLE Byte® Applicable 
1 =y Data Register On Data 
Edge As Shown Register 
P With Data 
Load HIGH Byte At Do-D3 


Data Register On 
Edge As Shown 


Load 12-Bit DAC Register With 
Data In LOW Byte, MIDDLE Byte 
& HIGH Byte Data Registers® 


NOTES: 

‘1 indicates logic HIGH *MSB-XXXX = XXXX 
70 indicates logic LOW high middle low 
> X indicates don’t care byte byte byte 


4 § indicates LOW to HIGH transition * These control signals are level triggered. 


XXXX ~«<& LSB 


Table 4. AD7542 Truth Table 


|~.————— ADDRESS BUS VALID ———_—>| 


A0-A1 Vii 
(PINS 10, 11) Vi : 


| 
(PIN 9) t t 
DS__ | ‘DH ! 
D3-D0 ViH 
(PINS 4-7) VAL 
IS DATABUS” 
VALID 


NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS 


Vin + Vit 
2 


Figure 7, AD7542 Timing Diagram 
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APPLICATION HINTS 

The AD7542 is a precision 12-bit multiplying DAC designed 

_ for system interface. To ensure system performance consistent 
with AD7542 specifications, careful attention must be given 
to the following points: 


1. 


GENERAL GROUND MANAGEMENT: Voltage differen- 
ces between the AD7542 AGND and DGND cause loss of 
accuracy (de voltage difference between the grounds intro- 
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at 
the AD7542. In more complex systems where the AGND- 
DGND intertie is on the back-plane, it is recommended 
that diodes be connected back-to-back between the 
AD7542 AGND and DGND pins (1N913 or equivalent). 


. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 


code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a dif- 
ferential nonlinearity term at the amplifier output of magni- 
tude 0.67Vos (Vos is amplifier input offset voltage). This 
differential nonlinearity term adds to the R/2R differential 
nonlinearity. To maintain monotonic operation, it is rec- 
ommended that amplifier Vog be no greater than 10% of 
the DAC’s output resolution over the temperature range 

of interest [output resolution = Vpgr(2™™) where n is the 
number of bits exercised] . 


. HIGH FREQUENCY CONSIDERATIONS: AD7542 out- 


put capacitance works in conjunction with the amplifier 
feedback resistance to add a pole to the open loop response. 
This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier’s OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in parallel with the feedback resistor. 


. GAIN TEMPERATURE COEFFICIENTS: The gain temper- 


ature coefficient of the AD7542 has a maximum value of 
Sppm/C and a typical value of 2ppm/°C. This corresponds 


to gain shifts of 2.0LSBs and 0.82LSBs respectively over a 7 
100°C temperature range. When trim resistors are used to 

adjust full-scale range as shown in Figures 5 and 6 the 

temperature coefficient of R1 and R2 should be taken 

into account. It may be shown that the additional gain 

temperature coefficients introduced by R1 and R2 may 

be approximately expressed as follows: — 


Temperature Coefficient 


Rj 
contribution duetoR1 ~ ~ Rin (¥1 + 300) 


Temperature Coefficient R> 
contribution duetoR2 ~* Rn (Y2 + 300) 


5. For additional information on multiplying DACs refer to ) 
“Application Guide to CMOS Multiplying D/A Con- , 


verters’’, Publication Number G479—15—8/78, available 
from Analog Devices. 


Where 7; and ¥2 are the temperature coefficients in ppm/°C 

of R1 and R2 respectively and Ryy is the DAC input resist- , 
ance at the Vrmr terminal (pin 2). For high quality wire- | 
wound resistors and trimming potentiometers ¥ is of the order 

of 50ppm/*C. It will be seen that if R1 and R2 are small com- 

pared with Ryn, their contribution to gain temperature coef- 


ficient will also be small. For the standard AD7542 gain error 


and R2 = 6022. With y = 50 these values result in an overall 
maximum gain error temperature coefficient of: 


5 + 2:08 (50 + 300) = 8ppm/C 


specification of +12.3 LSBs it is recommended that R1 = 120Q 10 


However, if the AD7542GTD is used which has a specified 
gain error of +1LSB, then with R1 = 102 and R2 = 52 the 
overall maximum gain temperature coefficient is increased by 
only 0.25ppm/°C. Where possible R1 should be a select on 
test fixed resistor since the resulting gain temperature coef- 
ficient will be tighter in all cases. For further gain T.C. infor- 
mation refer to application note, “Gain Error and Gain 
Temperature Coefficients of CMOS Multiplying DACs”, 
Publication Number E630—i0—6/81 available from Analog 
Devices. 


AD7542 INTERFACE TO MC6800 

A typical 6800 system configuration is shown in Figure 8, 
Since the AD7542 contains four registers ;each AD7542 is as- 
signed four locations in memory. AO and A1 provides the oper- 
ational addresses and are decoded internally to point to the 
desired register. Register loading is accomplished by executing 
a memory WRITE instruction to one of the four addresses. 
The AD7542 WR inputis gated by $2 from the 6800. Table 5 
gives a sample loading subroutine written in re-entrant form. 


Choosing an arbitrary start address of PPQQ, locations PPQQ, 
PPQQ+1 and PPQQ+2 select the low, middle and high byte 
registers respectively while address PPQQ+3 selects the 12-bit 
DAC register. The 12-bit data to be passed to the subroutine 
is stored in locations XXYY and XXYY+1. The four most 
significant data bits are assumed to occupy the lower haif 

of XXYY+1. 


DATA BUS D0-03 
FROM is 


. AD7542 


WR 


jew oeconen | 


oe a ae 


Figure 8. Interfacing the AD7542 to an MC6800 
Microprocessor 
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JSR 


WWZZ PSH A 
TPA 
PSH A 
LDA A 
STA A 
RORA 
RORA 
RORA 
RORA 
STA A 
LDA A 
STA A 
STAA 
POP A 
TAP 
POP A 
RTS 


WWZZ 


XXYY 
PPQQ 


PPQQ+1 
XXYY+1 
PPQQ+2 
PPQQ+3 


PUSH ACC. A ONTO STACK 
PUSH CCR ONTO STACK 


LOAD LOW BYTE 


LOAD MIDDLE BYTE 


LOAD HIGH BYTE 
LOAD DAC REGISTER 


POP CCR FROM STACK 
POP ACC. A FROM STACK 
RETURN TO MAIN PROGRAM 


Table 5. Sample Routine for AD7542—6800 Interface 


CALL 
7542 PUSH 


PUSH . 


PUSH 
LX1 
MOV 
STA 
MV1 
LOOP RAR 
DCR 
JNZ 
STA 
INX 
MOV 
STA 
STA 
POP 
POP 
POP 
RET 


LOOP 
PPQQ+1 
H 

A,M 
PPQQ+2 
PPQQ+3 
H 

B 

PSW 


PUSH REGISTER CONTENTS 
ONTO STACK 


LOAD LOW BYTE 


LOAD MIDDLE BYTE 


LOAD HIGH BYTE 

LOAD DAC REGISTER 
POP REGISTER CONTENTS 
FROM STACK 


RETURN TO MAIN PROGRAM 


Table 6, Sample Routine for AD7542—8085 Interface 


VOL. 1, 10-172 DIGITAL-TO-ANALOG CONVERTERS 


y he # 


TS 
olan 


AD7542 INTERFACE TO 8085 

A typical 8085 system configuration is shown in Figure 9. The 
AD7542 CS input is decoded from the three high order address 
lines A13-A15, The 8085 WR output is directly connected to 
the WR input of the AD7542. Table 6 gives a sample loading 
subroutine written in re-entrant form. The 12-bit data to be 
passed to the subroutine is stored in locations XXYY and 
XXYY+1, The four most significant data bits are assumed to 
occupy the lower half of XXYY+1. As before, arbitrary 
addresses PPQQ to PPQQ+3 select the low byte, middle byte, 
high byte and DAC registers respectively. 


ADDRESS BUS AO, Al A13-A15 


cs 


AD7542 


00-03 


ADDRESS/DATA BUS 


Figure 9, Interfacing the AD7542 to an 8085 Microprocessor 


ANALOG _ _ CMOS + © 
FEATURES AD7543 FUNCTIONAL BLOCK DIAGRAM 
Nonlinearity: +1/2LSB Tin to Tmax 
Low Gain T.C.: 2ppm/°C typ, 5ppm/C max 
Asynchronous CLEAR Input for Initialization ea oat a ak OuT2 
Full 4-Quadrant Multiplication lec 
Low Multiplying Feedthrough: 1LSB max @ 10kHz 7 Ps ann 
Requires no Schottky Diode Output Protection ORG ee : 
+5V Supply . 
Small Size: 16-Pin DIP 


Resolution: 12 Bits 

remo Rep 
Serial Load on Positive or Negative Strobe OUT1 
Low Power Dissipation: 40mW max . 
Low Cost 


(14) Vop 

(12) DGND 
GENERAL DESCRIPTION , 
The AD7543 is a precision 12-bit monolithic CMOS multi- PIN CONFIGURATION , 
plying DAC designed for serial interface applications. 


The DAC’s logic circuitry consists of a 12-bit serial-in parallel- 
out shift register (Register A) and a 12-bit DAC input register 
(Register B). Serial data at the AD7543 SRI pin is clocked into 
Register A on the leading or trailing edge (user selected) of the 
strobe input. Once Register A is full its contents are loaded in- 
to Register B under control of the LOAD inputs. 


Initialization is simplified by the use of the CLR input which 
provides an asynchronous reset of Register B. 


Packaged in a 16-pin DIP, the AD7543 features excellent gain 
T.C. (2ppm/°C typ; 5ppm/°C max), +5V operation and latch- 


TOP VIEW 


free operation. (No protection Schottky diodes required.) NOT TO SCALE 
ORDERING INFORMATION 
Relative Gain Commercial Industrial Military 
Accuracy Error (Plastic) (Ceramic) (Ceramic) 
Tmin toTmax +25°C  0t0 +70°C = -25°C to +85°C -55°C to +125°C 
+1LSB +12.3LSB AD7543JN AD7543AD AD7543SD 
AD7543AD/883B AD7543SD/883B 
+1/2LSB +12.3LSB AD7543KN AD7543BD AD7543TD 
AD7543BD/883B AD7543TD/883B 
+1/2LSB +1LSB = AD7543GKN AD7543GBD AD7543GTD 


AD7543GBD/883B AD7543GTD/883B 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP — (D16B) 
Suffix N: Plastic DIP — (N16B) - 


1See Section 20 for package outline information. 
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Limit At’ Limit At’ 
Limit At Ta = 0, +70°C, Ta = -55°C 
Parameter Ta =+25°C 9 -25°C& 485°C 8 & 4125°C Units Conditions/Comments 
ACCURACY 
Resolution 12 - 12 12 Bits 
Relative Accuracy? 
JN, AD, SD Versions +1 tl +1 LSB max 
KN, BD, TD Versions $1/2 £1/2 £1/2 LSB max 
GKN, GBD, GTD Versions 1/2 41/2 t1/2 LSB max 
Differential Nonlinearity? 
JN, AD, SD Versions +2 +2 +2 LSB max Monotonic to 11 bits from Tpin to Tmax 
KN, BD, TD Versions +1 +1 t1 LSB max Monotonic to 12 bits from Tmin to Tmax 
GKN, GBD, GTD Versions +1 t1 t1 LSB max Monotonic to 12 bits from Tin to Tmax . 
Gain Error? 
JN, KN, AD, BD, SD, TD 2123 213.5 $14.5 LSB max Using internal RFB only (gain error can be 
GKN, GBD, GTD +1 +1 +2 LSB max trimmed to zero using circuits of Figures 6 & 7) 
Gain Temperature Coefficient 
AGain/ATemperature 5 5 5 ppm/°C max Typical value is 2ppm/°C 
Power Supply Rejection 
AGain/AVpp 0.005 0.01 0.01 % per % max Vpp = +4.75V to +5.25V 
Output Leakage Current 
Ionut (Pin 4) 1 10. 200 nA max DAC Register loaded with all Os 
IouT2 (Pin 5) 1 10 200 nA max DAC Register loaded with all 1s 
DYNAMIC PERFORMANCE 
Current Settling Time? 2.0 2.0 2.0 us max To 1/2LSB. OUT] load = 1002. DAC output measured from falling 
| edge of LDi and LD2, see Figure 5. 
Multiplying Feedthrough Error? 2.5 2.5 2.5 mV p-p max VrEF = t10V, 10kHz sine wave 
REFERENCE INPUT 
Input Resistance (pin 15) 8/15/25 8/15/25 8/15/25 kQmin/typ/max Typical temperature coefficient is -1 50ppm/°C 
ANALOG OUTPUTS 
Output Capacitance 
CouTt 75 75 75 pF max Register B loaded to 0000 0000 0000 
CouTi° 260 260 260 pF max Register B loaded to 1111 1111 1111 
Cout2? 75 75 75 pF max Register B loaded to 1111 1111 1111 
Cout2? 260 260 260 ; pf max Register B loaded to 0000 0000 0000 
LOGIC INPUTS. 
VinH (Logic HIGH Voltage) +3.0 +3.0 +3.0 V min 
VINL (Logic LOW Voltage) +0.8 +0.8 +0.8 V max 
lin’ 1 1 1 MA max Vin = OV or Vpp 
Cin (Input Capacitance)? 8 8 8 pF max 
Input Coding 12-Bit Unipolar Binary or 12-Bit Offset 


Binary (see Figures 6 and 7), serial load 


(MSB First) ee a a a ee a 


SWITCHING CHARACTERISTICS® 


tpsi 50 100 100 ns min Seiial Input STB1 used as a strobe 
tps4 0 0 0 ns min STB4 used as a strobe 
: to Strobe —— 

tps3 0) ¢) 0 ns min Sthup Time STB3 used as a strobe 
tps2 20 40 40 ns min P STB2 used as a strobe 
tDH1 30 60 60 ns min Serial 1 . STB1 used as a strobe 
tDH4 80 160 160 ns min rae Se STB4 used as a strobe 
tpH3 80 160 160 ns min 4 ia sa STB3 used as a strobe 
tDH2 60 120 120 ns min Teco Oe STB2 used as a strobe 
tSRI 80 160 160 ns min SRI data pulse width 
tsTBI 80 160 160 ns min STB1 pulse width 
tSTB4 100 200 200 ns min STB4 pulse width 
tSTB3 100 200 200 ns min STB3 pulse width 
tsTB2 80 160 160 ns min . STB2 pulse width 
tLp1, tLD2 150 300 300 ns min Load pulse width 
tASB 0 0 0 ns min Min time between strobing LSB into Register A and loading Register B 
tCLR 200 400 400 ns min CLR pulse width 

POWER SUPPLY 
Vpp (Supply Voltage) +5 +5 +5 Vv 
Ipp (Supply Current) 8 8 8 mA max Digital Inputs = Viny or Vint 

NOTES: 


’ Temperature ranges as follows: AD7543JN, KN, GKN: 0 to +70°C 
AD7543AD, BD, GBD: -25°C to +85°C 
AD7543SD, TD, GTD: -55°C to +125°C 

2 See Terminology on following page. 

® Guaranteed but not tested. 

“ Logic inputs are MOS gates. Typical input current (+25°C) is less than 1nA. 

5 Sample tested at +25°C to ensure compliance. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 


(T, = +25°C unless otherwise noted) 


Vpp to AGND Reais ht A gig tras a Spey ee 6 ok Eh BN OV,+7V 
Vijp te DON Ds4 or Ser ee tales ams ya ae OV,+7V 
AGND to DGnpD slide de ib, Heb eck Behnancee de ee Bee Se Ath ea ae Vpp 
DGND to AGND ike Mod La: di ee Mia ena Ae Woe tah ta oo tg Vpp 
Digital Input Voltage to Donp 

(pins 4-11, DB ois ok te teN ee as erie Gane oop tes oe are. Oe doe -0.3V,+15V 
VPIN1> VPIN2 LOAGN)i wee ee eee Sst bes -0.3V,+15V 
VREF to AGND shin Siac Wests Ne ahaa Nan OF Mita im Heres alone gS at ae +25V 
VRFEB to AGND eee Se Bey wos Cae ealtal coy 28 oe ries 2a aeons BE GL ee ei cer as +25V 


Power Dissipation (Package) 
Plastic (Suffix N) 


*Stresses above those listed under “Absolute Maximum Ratings’ may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions 


CAUTION: 


ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro- 
tective foam should be discharged to the destination socket before devices are removed. 


TERMINOLOGY 


DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the mea- 
sured change and the ideal 1 LSB change between any two 
adjacent codes. A specified differential nonlinearity of +1 
LSB max over the operating temperature range ensures 
monotonicity. 


GAIN ERROR 
Gain is defined as the ratio of the DAC’s Full Scale output 
to its reference input voltage. An ideal AD7543 would exhibit 


Analog Ground 


No Connection 


Digital Ground 


+5V Supply Input 


| PIN | MNEMONIC FUNCTION 


DAC current output bus. Normally terminated at op amp virtual ground 
DAC current output bus. Normally terminated at AGND 


Register A Strobe 1 input, see Table 2 
DAC Register B Load 1 input. When LD1 and LD2 go low the contents 
of Register A are loaded into DAC Register B 


Serial Data Input to Register A 

Register A Strobe 2 input, see Table 2 

DAC Register B Load 2 input. When LD1 and LD2 go low the contents 
of Register A are loaded into DAC Register B 

Register A Strobe 3 input, see Table 2 

Register A Strobe 4 input, see Table 2 


Register B CLEAR input (active LOW), can be used to asynchronously 
reset Register B to 0000 0000 0000 


Reference input. Can be positive or negative dc voltage or ac signal 
DAC Feedback Resistor 


TO 10 Creat diaries Dae Say ee echees 670mW 

Derates above +70 Cby.............. 8.3mW/°C 
Ceramic (Suffix D) 

DOLD S Clscy sre Ok epi eRe Ogata hk wees 450mW 

Derates above +75°Cby............000. 6mW/°C 


Operating Temperature Range : 
Commercial Plastic (JN, KN, GKN versions). .. 0 to +70 C 
Industrial Ceramic (AD, BD, GBD versons) 

enoatuearouceasnnte et Ud 08 Geaieaht -25°C to +85°C 
Military Ceramic (SD, TD, GTD versions) 


si nia. oe SR Mane nee ahaa aes -55°C to +125°C 
Storage Temperature ........-----0-- -65 °C to +150 C 
Lead Temperature (Soldering, 10 secs.)........-. +300 C 


above those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


WARNING! 
ws 


ESD SENSITIVE DEVICE 


a gain of -4095/4096. Gain error is adjustable using external 10 


trims as shown in Figures 6 and 7. 


OUTPUT LEAKAGE CURRENT 
Current which appears at OUT1 with Register B loaded to all 
O’s or at OUT 2 with Register B loaded to all 1’s. 


MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from Vpgrf terminal 
to OUT1 with DAC register loaded to all 0’s. 


Table 1. Pin Function Description 
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GENERAL CIRCUIT INFORMATION 

The AD7543, a 12-bit multiplying D/A converter, consists of 
a highly stable thin film R-2R ladder and twelve N-channel 
current switches on a monolithic chip, Most applications 
require the addition of only an output operational amplifier 
and a voltage or current reference. 


The simplified D/A circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used—that is, the binarily weighted 
currents are switched between the OUT1 and OUT2 bus lines, 


thus maintaining a constant current in each ladder leg indepen- 


dent of the switch state. 


15k 15k 15k 


VREFO 


DAC REGISTER B 


Figure 1. AD7543 Functional Diagram 


One of the current switches is shown in Figure 2. The input 
resistance at VrgF (Figure 2) is always equal to RLpr 
(Rupr is the R/2R ladder characteristic resistance and is 
equal to value ‘‘R’’). The reference terminal can be driven 

by a reference voltage or a reference current, ac or dc, of 
positive or negative polarity. If a current source is used, a 
low temperature coefficient external Rrp is recommended to 
define scale factor. 


TO LADDER 


FROM 
INTERFACE 
LOGIC 


OUT2 OUT1 


Figure 2, N-Channel Current Steering Switch 
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VReF OUT2 


Figure 3. AD7543 DAC Equivalent Circuit 
All Digital Inputs LOW 


EQUIVALENT CIRCUIT ANALYSIS 

The equivalent circuits for all digital inputs LOW and all 
digital inputs HIGH are shown in Figures 3 and 4. In Figure 

3 with all digital inputs LOW, the reference current is switched 
to OUT2. The current source ILEAKAGE is composed of sur- 
face and junction leakages to the substrate, while the 1/4096 
current source represents a constant 1 least significant bit cur- 
rent drain through the termination resistor on the R-2R ladder. 
The “ON” capacitance of the output N-channel switch is 
260pF, as shown on the OUT2 terminal. The “OFF” switch 
Capacitance is 75pF, as shown on the OUT1 terminal. Analysis 
of the circuit for all digital inputs HIGH, as shown in Figure 

4, is similar to Figure 3; however, the ‘““ON”’ switches are now 
on terminal OUT1, hence the 260pF at that terminal. 


Rep 


VREFE OUT1 


260pF 


1/4096 \ 


LEAKAGE a 


Figure 4. AD7543 DAC Equivalent Circuit — 
All Digital Inputs HIGH 


INTERFACE LOGIC INFORMATION 

Shown in the AD7543 Functional Diagram Register A is a 12- 
bit shift register. Serial data appearing at pin SR1 is clocked _ 
into the shift register on the positive edge of STB1, STB2 or 
STB4 or on the negative edge of STB3. Table 2 defines the 
various logic states required on the Register A control inputs, 
while Figure 5 illustrates the Register A loading sequence. 


Once Register A is full, the data is transferred to Register B 
by bringing LD1 and LD2 momentarily LOW. 


[~=—tsri —| 
\ ‘iss X82 > 
| 
tps1, tos2, tos4a ~_, 
STROBE INPUT > 
(STB1, STB2, STB4) 


| 

1_7 tDH1, toH2, tDH4 
Va 2 

| 


Yet 


Register B can be asynchronously reset to 0000 0000 0000 
by bringing CLR momentarily LOW. This allows the DAC 
output voltage to be set to a known condition, thus simplify- 
ing system initialization procedure. When operating the 
AD7543 in the unipolar circuit of Figure 6, a CLEAR causes 
the DAC output voltage to equal OV. When using the bipolar 
circuit of Figure 7, a CLEAR causes the DAC output to equal 


-VREF: 


tsTB3 
LOADING REGISTER A 


lS tste1 
(NOTE) | tstB2 
LD1AND LD2 
NOTE: 


STROBE WAVEFORM IS INVERTED IF 
STB3 IS USED TO STROBE SERIAL DATA 
BITS INTO REGISTER A. 


itd 


LOADING REGISTER B 
WITH CONTENTS OF REGISTER A 


Figure 5. Timing Diagram 


AD7543 Logic Inputs 
Register A Control Inputs Register B Control Inputs 


AD7543 Operation 


- Data Appearing At SRI Strobed Into Register A 


Data Appearing At SRI Strobed Into Register A 


Data Appearing At SRI Strobed Into Register A 


Data Appearing At SRI Strobed Into Register A 


No Operation (Register A) 


NOTES: 


No Operation (Register B) 3 


Load Register B With The Contents Of Register A 


1. CLR =O Asynchronously resets Register B to 0000 0000 0000, but has no effect_on Register A. 
2. Serial data is loaded into Register A MSB first, on edges shown § is positive edge Wis negative edge. 


3. O= Logic LOW, 1 = Logic HIGH, X = Don’t Care. 


Table 2. AD/7543 Truth Table 
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APPLYING THE AD7543 


UNIPOLAR BINARY OPERATION 

(2-QUADRANT MULTIPLICATION) | 

Figure 6 shows the analog circuit connections required for uni- 
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a dc reference voltage or 
current (positive or negative polarity) applied at pin 15, the 
Circuit is a unipolar D/A converter. With an ac reference volt- 
age or current (again of + or - polarity) the circuit provides 
2-quadrant multiplication (digitally controlled attenuation). 
The input/output relationship is shown in Table 3. 


R1 provides full scale trim capability [i.e.—load the DAC 
register to 1111 1111 1111, adjust R1 for Vout = -VREF 
(4095/4096)]. Alternatively, Full Scale can be adjusted by 
omitting R1 and R2 and trimming the reference voltage 
magnitude. 


C1 phase compensation (10pF to 25pF) may be required for 

stability when using high speed amplifiers. (C1 is used to can- 
cel the pole formed by the DAC internal feedback resistance 

and output capacitance at OUT1). 


Amplifier Al should be selected or trimmed to provide 
Vos S 10% of the voltage resolution at Voyt. Additionally, 
the amplifier should exhibit a bias current which is low over 


+10V Vop 
Vrer +5V 


ADS44L (SEE TEXT) 


DOGND AGND 


NOTES 
1. LOGIC INPUTS OMITTED FOR CLARITY. 
2. SEE APPLICATION HINT NO. 4. 


Figure 6. Unipolar Binary Operation (2-Quadrant 
Multiplication) 


BINARY NUMBER IN 
DAC REGISTER 
MSB LSB 


ANALOG OUTPUT, Vout 


‘4095 
4096 


-Vrer( ieee)" -1/2 VRE 


-VreF (4596) 
0000 0000 0000 OV 


1111 1111 1111 -VRE 


1000 0000 0000 


0000 0000 0001 


Table 3. Unipolar Binary Code Table for Circuit of Figure 6 
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the temperature range of interest (bias current causes output 
offset at Vout equal to Ig times the DAC feedback resistance, 
nominally 15k{2). The AD544L is a high-speed implanted 
FET-input op amp with low, factory-trimmed Vos. 


BIPOLAR OPERATION 

(4-QUADRANT MULTIPLICATION) 

Figure 7 and Table 4 illustrate the circuitry and code relation- 
ship for bipolar operation. With a dc reference (positive or 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the eleven LSBs provide digitally con- 
trolled attenuation of the ac reference while the MSB pro- 
vides polarity control. 


With the DAC register loaded to 1000 0000 0000, adil R1 
for Vout = OV (alternatively, one can omit R1 and R2 and 
adjust the ratio of R3 to R4 for Vour = OV). Full scale trim- 
ming can be accomplished by adjusting the amplitude of VpgrF 
or by varying the value of RS. - 


As in unipolar operation, Al must be chosen for low Vos and 
low Ig. R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 to 2R3 causes Full Scale 
error. C1 phase compensation (10pF to 25pF) may be re- 
quired for stability. 


+10V Vop 
VREF +5V 


(SEE TEXT) 


AGND 


NOTES 
1, LOGIC INPUTS OMITTED FOR CLARITY. 
2. SEE APPLICATION HINT NO. 4. 


Figure 7. Bipolar Operation (4-Quadrant Multiplication) 


BINARY NUMBER IN 
DAC REGISTER 
MSB LSB 


ANALOG OUTPUT, Vout 


1111 1111 1111 +Vrer(Soae) 


1 

+VrEr (304g) 

1000 0000 0000 OV 

ie 
REF (2048 

Ve ra( 2048 
REF\ 2048 


Table 4. Bipolar Code Table for Offset Binary Circuit of 
Figure 7 


1000 0000 0001 


0111 1111 1111 


0000 0000 0000 


APPLICATION HINTS 

The AD7543 is a precision 12-bit multiplying DAC designed 

for serial interface. To ensure system performance consistent 

with AD7543 specifications, careful attention must be given to 

the following points: 7 

1. GENERAL GROUND MANAGEMENT: Voltage differen- 
ces between the AD7543 AGND and DGND cause loss of 
accuracy (de voltage difference between the grounds intro- 
duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at the 
AD7543. In more complex systems where the AGND- 
DGND connection is on the back-plane, it is recommended 
that diodes be connected back-to-back between the AD7543 
AGND and DGND pins to prevent possible device damage. 

2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a differ- 
ential nonlinearity term at the amplifier output of magni- 
tude 0.67 Vos (Vos is amplifier input offset voltage). This 
differential nonlinearity term adds to the R/2R differential 
nonlinearity. To maintain monotonic operation, it is rec- 
ommended that amplifier Vos be no greater than 10% of 
the DAC’s output resolution over the temperature range of 
interest [output resolution = Vpzr 2" where n is the 
number of bits exercised] . 

3. HIGH FREQUENCY CONSIDERATIONS: AD7543 out- 
put capacitance works in conjunction with the amplifier 


feedback resistance to add a pole to the open loop response. 


This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier’s OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in parallel with the feedback resistor. 


4, GAIN TEMPERATURE COEFFICIENTS: The gain temper- 
ature coefficient of the AD7543 has a maximum value of 
5ppm/°C and a typical value of 2ppm/°C. This corresponds 
to gain shifts of 2.0LSBs and 0.82LSBs respectively over a 
100°C temperature range. When trim resistors are used to 


J 
Ws o 
wh 


Applications 


adjust full-scale range as shown in Figures 6 and 7 the 
temperature coefficient of R1 and R2 should be taken 
into account. It may be shown that the additional gain 
temperature coefficients introduced by R1 and R2 may 
be approximately expressed as follows: — 


Temperature Coefficient == - Ry Se a 
contribution duetoR1 —~ — Rin (y¥1 + 300) 


Temperature Coefficient 
= + ——— 


contribution due to R2 Rn (Y¥2 + 300) 


5. For additional information on multiplying DACS refer 
to “Application Guide to CMOS Multiplying D/A Con- 
verters”., Publication Number G479—15—8/78, available 
from Analog Devices. 


Where 7; and Y2 are the temperature coefficients in ppm/°C 
of R1 and R2 respectively and Ryy is the DAC input resist- 
ance at the Vpgrf terminal (pin 2). For high quality wire- 
wound resistors and trimming potentiometers ¥ is of the order 
of 50ppm/°C. It will be seen that if R1 and R2 are small com- 
pared with Ry, their contribution to gain temperature coef- 
ficient will also be small. For the standard AD7543 gain error 
specification of +12.3 LSBs it is recommended that R1 = 12002 
and R2 = 6092. With y = 50 these values result in an overall 
maximum gain error temperature coefficient of: 


5 +208 (50 + 300) = 8ppm/C 


However, if the AD7543GTD is used which has a specified 
gain error of +1LSB, then with R1 = 102 and R2 = 5Q2 the 
overall maximum gain temperature coefficient is increased by 
only 0.25ppm/°C, Where possible R1 should be a select on © 
test fixed resistor since the resulting gain temperature coeffi- 
cient will be tighter in all cases. For further gain T.C. informa- 
tion refer to application note,.‘‘Gain Error and Gain Tempera- 
ture Coefficients of CMOS Multiplying DACs’’, Publication 
Number E630—10—6/81 available from Analog Devices. 


AD7543 INTERFACE TO MC6800 

_ In this example, it is assumed that the 12-bit data is con- 
tained in two memory locations (0000 and 0001). The four 
most significant bits are assumed to occupy the lower half of 
memory location 0000. The eight least significant bits occupy 
memory location 0001. The data is presented bit by bit on the 
D7 line and strobed into the AD7543 by executing memory 
write instructions. In this case the strobe signal (STB1) is sup- 
plied by decoding address 2000, R/W and ¢2. A memory write 
instruction to a different address (4000) loads the data from 
Register A to the DAC register. 


Figure 8 shows the interface circuitry and Table 5 gives a 
listing of the procedure. 


ADDRESS BUS (16) 
A0-15 


ADDRESS (16) 


DECODER 


DO 


DATA BUS (8) 
07 


DATA (8) 


FROM SYSTEM RESET 


Figure 8. AD7543—MC6800 Interface 
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LOOP 


SHIFT 


Table 5. Sample Routine for AD7543—MC6800 Interface 


LABEL 


LOOP 


LUP 


SHIFT 


MNEMONIC 


LDA 
LDA 
ROL 
DEC 
BNE 
LDA 
BSR 
LDA 
LDA 
BSR 
STA 
RTS 
STA 
ROL 
DEC 
BNE 
RTS 


MNEMONIC 


MVI 
CALL 
DCR 
Jwz 
MVI 
MVI 
RAR 
SIM 
STA 
CALL 
DCR 
JNZ 
STA 
RET 
MOV 
RAL 
MOV 
MOV 
RAL 
MOV 
RET 


OPERAND 


B, 04 
A, 0000 
A 

B 

LOOP 
B, 04 
SHIFT 
B, 08 
A, 0001 
SHIFT 
A, 4000 


A,2000 
A 

B 
SHIFT 


OPERAND 


B, 05 
SHIFT 
B 
LOOP 
B, OC 
A, 80 


8000 
SHIFT 
B 

LUP 
A000 


A,L 


L,A 
A,H 


H,A 


COMMENT 


Load 4 Most Significant Bits 
Reposition the Data 
in Acc A 


Output Data 


Load 8 Least Significant Bits 
Output Data 
Load DAC Register 
Return to Main Program 
Strobe Data 
into AD7543 


COMMENT 


Shift Data Up to 
Most Significant 
Segment of HL with 
MSB as Carry 


SOD Enable in ACC 

Shift in MSB of H 

Set Interrupt Mask 
Strobe Data into AD7543 
Get Next Bit into Carry 


Go Back if Not Finished 

Load DAC Register of AD7543 
Return to Main Program 

Shift H and L Left 

One Place and 

Leave Uppermost Bit 

of H in Carry 


Table 6. Sample Routine for AD7543—8085 Interface 
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AD7543 INTERFACE TO MCS-85 
Figure 9 shows the AD7543 interfaced to the 8085. This sys- 
tem makes use of the serial output facility (SOD) on the 8085. 


The data is presented serially on the SOD line and strobed 
into the AD7543 by executing memory write instructions. 

In this example the strobe signal STB2) is supplied by decod- 
ing address 8000 and WR. A memory write instruction to a 
ditferent address (A000) loads the DAC Register with Register 
A data. Table 6 gives a listing of this procedure. Note, it is 
assumed that the required serial data is already present in 
right-justified format in Registers H and L when this proce- 
dure is implemented. 


ADDRESS BUS (16 
sa roe ADDRESS (16) 
DECODER 
DATA (8) 


FROM SYSTEM RESET 


x 


Figure 9. AD7543—8085 Interface 


¥y 


ANALOG = ~~ —___ CMOS 
DEVICES ___12-Bit, 6 Word, FIFO, DAC 


AD7544 


PRELIMINARY TECHNICAL DATA AD7544 FUNCTIONAL BLOCK DIAGRAM 
FEATURES Voo SFUL SAMT DO-D11 
+1/2LSB Nonlinearity from Tin to Tmax 
Monotonicity Guaranteed for 11- and 12-Bit Versions 
Twelve-Bit Wide, Six-Word Deep First-In First-Out (FIFO) 


Buffer Memory > REGISTERS | 6 
FIFO Status Flags for Input/Output Handshaking Sits 
Directly Interfaces with 16-Bit Microprocessors 5 ecistens | 


Low Gain Drift, Typically 2ppm/°C A | 


+1LSB max Gain Error — 
Latch-Up Proof 5 ead a 
Single +5V Supply ele 
REGISTER 3 
GENERAL DESCRIPTION 
The AD7544 is a 12-bit monolithic CMOS DAC with a 12-bit 


eres! 1 
wide, 6-word deep, First-In First-Out (FIFO) Register stack. | oP 
Twelve-bit words are written to the top of the stack under the 
control of WR (Write) and WREN (Write Enable). The 12-bit 
word then falls through the stack into the last empty register 
nearest the bottom of the stack. Hence, the stack is full after 
six write instructions. There are two status flags associated 


with the stack, SFUL (Stack Full) and SAMT (Stack Almost 
Empty, one word remaining). 


| pacrecister | ess 


The contents of the stack can be rolled down towards the DAC 
register under control of RL (Roll) and RLEN (Roll ENable). | ar ve me 
The DAC register, under control of LDAC (Load DAC), may 3 28-PIN DIP 

be loaded with either word 1 or word 2 of the stack depending PIN CONFIGURATION 

upon the word-selector control input W1/W2. System Reset 
RST loads all Os into the DAC register and resets the stack 
register control flip-flops to allow a full six-word load operation. 


ORDERING INFORMATION 


Temperature Range 


Relative AD7544 (TOP VIEW, NOT TO SCALE) 
Accuracy Gain Error ° ° ° ° ° 

(Tmin to Tee) +25°C 0 to +70 C -25 Cto +85 C | -55 Cto +125 C 

+1LSB +12.3LSBs AD7544JN AD7544AD AD7544SD 

+1/2LSB +12.3LSBs AD7544KN [AD7544BD AD7544TD 

+1/2LSB +1LSB AD7544GKNIAD7544GBD AD7544GTD D7 D6 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP — (D28B) 
Suffix N: Plastic DIP — (N28A) 


1See Section 20 for outline information. 
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| SPECIFICATIONS (Vop = 5V, VREF = han VOUT1 = VOUT2 = OV unless otherwise noted) 


Limit At’ Limit At’ 
Limit At Ta = 0, +70°C, Ta = -55°C 
Parameter Ta =+25°C -25°C & +85°C & +125°C Units Conditions/Comments 
ACCURACY 
Resolution 12 12 12 Bits 
Relative Accuracy? 
JN, AD, SD Versions +1 +1 +1 LSB max 
KN, BD, TD Versions +1/2. 41/2 +1/2 LSB max 
GKN, GBD, GTD Versions +1/2 +1/2 +1/2 LSB max 

Differential Nonlinearity? 

JN, AD, SD Versions + +2 a LSB max Monotonic to 11 bits from Tyyjn to Tmax 
.KN, BD, TD Versions +1 +1 +1 LSB max Monotonic to 12 bits from Tyin tO Tmax 
GKN, GBD, GTD Versions as +1 +1 LSB max Monotonic to 12 bits from Tyyjn to Tmax 
Gain Error? 
JN, KN, AD, BD, SD, TD 412.3 413.5 +14.5 LSB max Using internal RFB only (gain error can be 
GKN, GBD, GTD +1 +1 +2 LSB max _trimmed to zero using circuits of Figures 4 & 5) 
Gain Temperature Coefficient 
AGain/ATemperature 5 5 5 ppm/°C max Typical value is 2ppm/°C 
Power Supply Rejection 
AGain/AVpp 0.002 0.01 0.01 % per % max Vpp = +4.75V to +5.25V 
Output Leakage Current 
IouT1 (Pin 4) 10 200 nA max DAC Register loaded with all Os 
IouT2 (Pin 5) 10 200 nA max DAC Register loaded with all 1s 
DYNAMIC PERFORMANCE 

Propagation Delay? 185 230 250 ns max louti load = 1002, Cyx7 = 13pF. Measured 
from LDAC (Pin 26) going high to 90% of final 
output current for a full-scale change. 

Stack Propagation Delay 1.26 1.4 1.6 us max lout: load = 1002, Cexz = 13pF. LDAC held 
HIGH. Measured from WR (Pin 20) going high 
to 90% of final output current for a full-scale 
data input change. 

Digitial Charge Injection? 700 700 700 nVsecs typ Typical value included for design guidance only 

Multiplying Feedthrough Error? 2.5 2.5 2.5 mV p-p max VrEF = t10V, 10kHz Sine Wave 

REFERENCE INPUT 
Input Resistance (Pin 2) 7/12/20 7/12/20 7/12/20 kQ min/typ/max 
Input Resistance Temperature 
Coefficient -300 -300 -300 ppm/°C typ 
ANALOG OUTPUTS 
Output Capacitance® 
CouT1 75 75 75 pF max DAC Register loaded with all Os 
CouT2 260 260 260 pF max 
CouTi 260 260 260 pF max DAC Register loaded with all 1s 
Cout2 75 75 75 pF max 
DIGITAL INPUTS 

Vin (Input High Voltage) 3.0 3.0 3.0 V min 

Vit (Input Low Voltage) 0.8 0.8 0.8 V max 

hn, Input Current 1 1 1 uA max Vin = OV or Vpp 

CIN, Input Capacitance? 8 8 8 pF max 

Input Coding Binary or Offset Binary — See Tables 5 & 6 
DIGITAL OUTPUTS 
Von (Output High Voltage) +4.0 +4.0 +4.0 V min IsOURCE = ~40uA 


Vo; (Output Low Voltage) 


SWITCHING CHARACTERISTICS* 


(WR 
tWRS 
tWRH 
twpDs 
CWDH 
(WMT 
(WFL 
(RL 
tRLS 
tRLH 
CRFL 
(RMT 
tLDAC 
twss 
CWSH 
tRst 
POWER SUPPLY 
Vpp 
Ipp 


NOTES 
1 Temperature range as follows: 


2 See definition on next page. 


+0.6 


JN, KN, LN, GKN Versions: 0 to +70°C 
AD, BD, CD, GBD Versions: -25°C to +85°C 
SD, TD, UD, GTD Versions: -55°C to +125°C 


+0.8 IsINK = 1.6mA 


75 75 95 ns min Write Pulse Width 

0 0 0 ns min Write Enable Setup Time 

0 0 0 ns min Write Enable Hold Time 

220 290 330 ns max Write to Data Setup Time 

270 320 375 ns min Write to Data Hold Time 

400 500 600 ns max Stack Almost Empty Flag LOW Response Time 
320 420 450 ns max Stack Full Flag HIGH Response Time 

75 75 95 ns min Roll Pulse Width 

0 0 0 ns min Roll Enable Setup Time 

0 0 0 ns min Roll Enable Hold Time 

1.1 1.3 1.44 us max Stack Full Flag LOW Response Time 

380 500 580 ns max Stack Almost Empty Flag HIGH Response Time 
120 160 180 ns min Load DAC Pulse Width 

135 165 230 ns min Word Select Setup Time 

0 0 0 ns min Word Select Hold Time 

75 100 140 ns min Reset Pulse Width 

+5 +5 +5 Vv 

2 2 2 mA max Digital Inputs = Viy or Viz 

100 500 500 A max Digital Inputs = OV or Vpp 


3 Guaranteed but not tested. 

“ Logic inputs are MOS gates. Typical input current at +25°C is InA. 
5Sample tested at +25°C to ensure compliance. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
(Ta = +25°C unless otherwise noted) 


Vpp 10 DGND i ccig ean ae hw ae ee eee Se OV,+7V 
Vpp tO:AGND:s oases da ae thea ask eee aS OV, +7V 
AGND to: DGND isies baci we eile J ee eee EV DD 
DGNDAOAGND 2 ocx. 5: oS oe alles he Gre Ra tVpp 
Digital Input Voltage to DGND 

(pins. 7°421,:24 = 27) ie 6 eh @ RS GARG -0.3V, +15V 
Digital Output Voltage to DGND 

(pins: 22,23 i wa te le ee eG Eee -0.3V, +15V 
Vpwn4, Veins to AGND ...........00 000 -0.3V, +15V 
VREE AO AGND 6 575.¢ cits ek ee A wt ee we de +25V 
Vere tOAGND 4 ce Oo Oak & oe eel are aoe ee ae +25V 


*Stresses above those listed under ‘Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition 


CAUTION: 


ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The foam 
should be discharged to the destination socket before devices are removed. 


TERMINOLOGY 


RELATIVE ACCURACY 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero and full scale and is normally expressed as a 
percentage of full-scale range. 


DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the difference between the mea- 
sured change and the ideal 1LSB change between any two 
adjacent codes. A specified differential nonlinearity of +1 
LSB max over the operating temperature range ensures mono- 
tonicity. 


GAIN ERROR 

Gain error or full-scale error is a measure of the output error 
between an ideal DAC and the actual device output. For the 
AD7544, ideal full-scale output is Vpgr - 1LSB. Gain error is 
adjustable to zero. 


DIGITIAL CHARGE INJECTION 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change state. This is normally 


Operating Temperature Range 


JN, KN, GKN Versions. ........-....00005 0 to +70°C 
AD, BD, GBD Versions. ..........+4 -25°C to +85°C 
SD, TD, GTD Versions...........-. -55°C to +125°C 
Storage Temperature Range............ -65°C to +1 50°C 
Lead Temperature (Soldering, 10 secs) .......... +300 C 


Power Dissipation (Package) 
Plastic (Suffix N) 
3° 


fOre5 0 Ch. 6.6.5 Meee Lik el eens 1200mW 

. Derate Above +50°Cby..... 0.000 ee eee 12mW/°C 
Ceramic (Suffix D) . 

1G 00 Cu ae a sek a eee Wa ees 1000mW 

Derate Above +50 Cby...........00 0a ee 10mW/°C 


above those indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


WARNING! 
ws 


ESD SENSITIVE DEVICE 


specified as the area of the glitch in either pA secs or, nV secs 
depending upon whether the glitch is measured as a current or 
voltage signal. Digitial charge injection is measured with the 
reference input of the DAC connected to ground. 


PROPAGATION DELAY 

This is a measure of the internal delays of the circuit and is 
defined as the time from LDAC going high to the analog out- 
put current reaching 90% of its final value for a full-scale 
change. 


FSR : 

This is an abbreviation for Full Scale Range. For a 12-bit con- 
verter with a reference input of 10V the FSR is 10 X (4095/ 
4096) Volts. 


OUTPUT LEAKAGE CURRENT 
Current which appears at OUT1 with DAC Register loaded to 
all Os or at OUT2 with DAC Register loaded to all 1s. 


MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from Vygr terminal 
to OUT1 with DAC register loaded to all Os. | 
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Function 


Data Input (LSB) 


Reset, when low resets DAC Register and stack control 
flip-flops to zero. 

Write, with WREN low, the trailing edge of WR loads data 
into the lowest available empty register of the stack. 
Write Enable. 


Stack Full Flag. When HIGH, indicates stack is full. When 
LOW, indicates less than six words remain in stack. 


Stack Almost Empty Flag. When HIGH, indicates one word 
or less remains in the stack. When LOW, indicates more than 
one word contained in the stack. 


Roll, with RLEN low the trailing edge of RL rolls information 
down the FIFO stack past the register data-selector. 


Roll Enable. 


Load DAC. Loads information from one of two stack registers 
into the DAC register (see Wy /W2). 


WORD1/WORD2. A HIGH enables WORD 1 through the data- 
selector, a LOW enables WORD 2. 


Digital Ground. 


Table 1. Pin Function Description 


Pin 
No. Name . Function No. Name 
1 Vpp +5V Supply 18 DO 
2  Vprer _ +20V Reference Voltage 19 RST 
3 Rpg DAC Feedback Resistor 
4 IouT1 Output from R-2R Ladder 20 WR 
5 Ion Output from R-2R Ladder 
OUT2 P 1 WREN 
6 AGND . Analog Ground 
22 SFUL 
7 Dili Data Input (MSB) 
8 D10 Data Input 23. SAMT 
9 D9 Data Input 
10 D8 Data Input 
11 D7 Data Input 24 RL 
12 D6 Data Input 
13. DS Data Input Haan 
14: D4 Data Input oe Ey 
15 D3 Data Input 27 W,/W> 
16 D2 Data Input 
17. Di Data Input 28 DGND 
AD7544 OPERATION 


The AD7544 FIFO stack consists of six 12-bit Data Registers 
as shown in the Functional Block Diagram. Internally a Stack 


Register is considered to be empty if the output from its con- 
trol flip-flop, FFN (Figure 1), is LOW. After a Reset Signal 
RST all control flip-flops are reset LOW and the DAC Register 
is loaded with all Os. . 


Twelve-bit data is written into the stack by exercising WR and 
WREN. Initially, this data is latched into the top Register of 
the stack (Register 6) and the output of the FF6 control flip- 
flop momentarily goes HIGH. If at this instant the output of 
FF5 is LOW then FF6 subsequently returns LOW. FF6 re- 
turning LOW sets the output of FF5 momentarily HIGH and 
in doing so loads data from Register 6 into Register 5. This 
process is repeated down the stack until the input data reaches 
Register 1, FF1 going HIGH and remaining HIGH. Note that 
the SAMT flag, which was set HIGH after the Reset RST, is 
unchanged. Register 1 is now no longer affected by subsequent 
write operations. Although all the other Stack Registers have 
the data of Register 1 in them, their control flip-flops are Low 
hence this data can be overwritten. The next Write operation 
initiates a similar sequence of events with data falling through 
to Register 2. The SAMT flag now goes LOW. After four fur- 
ther Write operations, the SFUL flag is set HIGH indicating 
the stack is full. See Table 2 and Functional Block Diagram. 


By exercising RLEN and RL the output of the FF1 Control 
flip-flop is reset LOW. Register 1 will now appear empty and a 
roll-down sequence similar to that described above is initiated 
automatically. The data originally in Register 1 is lost and the 
SFUL flag is reset LOW. See Table 3 and Figure 1. Although 
not shown in Table 2 or Table 3 any arbitrary sequence of 
stack Write and Roll operations is permissible. 

Data from Register 1 or Register 2 (selected by W1/W2 control) 
may be loaded into the 12-bit DAC Register by exercising 
LDAC. See Table 4 and Figure 2. Note that a load DAC opera- 
tion does not affect word positions in the stack hence stack 
flags, SFUL and SAMT, remain unchanged. LDAC is a level- 
triggered (as opposed to edge-triggered) control signal. 
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WRITE TIMING 

The ripple-through nature of the stack leads to an apparent 
time skew (or delay) between Write signals and valid input 
data. Due to this delay, the input data to the device need not 

be valid on the trailing edge of WR (the normal constraint 
when writing) but must be valid some time later, twps. This 
point is illustrated in the Functional Block Diagram. Input. 
data must remain valid for some time after twps max to allow 
the input latches to settle with the correct data. The hold time 
has been specified from the trailing edge of WR to the mini- 
mum data settling time required—twpy min—thus incorporating 
the internal time skewing. See Functional Block Diagram. 


SAMT FLAG TIMING 

Referring to the AD7544 Functional Diagram, the Stack 
Almost Empty (SAMT) flag is derived from a five-input 
NOR gate monitoring control flip-flops FF2 through FF6. 
After a RST signal all control flip-flop outputs are reset LOW 
and the SAMT flag is HIGH. When the first 12-bit word is 
written to the top of the stack, Register 6 control flip-flop 
momentarily goes HIGH as previously explained. The SAMT 
flag will go LOW and remain LOW while the word propagates 
down the stack, When the input data is finally latched in the 
Register 1 position, flip-flops FF2 through FF6 are again LOW 
and the SAMT flag will return HIGH. When the second word 
is written to the top of the stack, SAMT goes LOW and remains 
LOW since the word will fall-through to Register 2, FF2 go- 
ing HIGH and remaining HIGH. Notice that SAMT flag 
behavior is dependent upon the Write frequency. If the time 
between Write cycles is less than the stack propagation delay 
(typ 2us), then the SAMT flag will go LOW after the first WR 
signal and remain LOW since the next word will start falling- 
through before the first word has reached Register 1. If the 
SAMT flag is used as an interrupting input to the system 
microprocessor (rising edge triggered), the interrupt input 
should be masked during writing to avoid an erroneous inter- 
rupt call, During roll operations the interrupt mask should be 
removed since there is no aed of glitches on the flag 
output. 


. ¢ — 
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STACK OPERATIONS—WRITING TO THE FIFO STACK 


Data Output 
FIFO Stack Control Inputs Input | Resulting Stack Register Contents Flags 
Operation RLEN RL WREN WR RST Do-D11) R6 RS R4 R3 R2 RI |SFUL SAMT 
Clear DAC Latch, Reset Stack F/Fs} X X  X XO 0 1 
Write Word A into Stack 1 X 0 fo @) @) (A) (A) (A) A 0 1 
Write Word B into Stack 1 X 0 Ss 1 |B | B A | 0 LL 
Write Word C into Stack 1 X 0 sk 1 0 0 
Write Word D into Stack 1 X 0 fb 1 | p |[@®@ dc BA. 0 0 
Write Word E into Stack ). xX 0 0 0 
Write Word F into Stack 1 xX  O sk 1 » een!) 
Write Word G into Stack 1 X 0 fs 1 F E D C B A 1 0 


NOTES 

1 indicates logic HIGH 
0 indicates logic LOW 

X indicates ‘don’t care”’ 


Sf indicates LOW to HIGH transition 
“WL indicates HIGH to LOW transition 


054) 5 @ , (B) etc. indicates data which can be overwritten 


Table 2. Truth Table for Stack Write Operations 


Vo 


o 


WREN 
(PIN 21) 


twrs 


WR 
(PIN 20) 


DATA 
(PINS 7 - 18) 


(STAek PREVIOUSLY CONTAINS) 
ONE WORD 


SAMT 
(PIN 23) 


F 


SFUL (STAs PREVIOUSLY CONTAINS | 
(PIN 22) FIVE WORDS 


Figure 1. Timing Diagram for Write Operations 


ROLLING THE FIFO STACK 


FIFO Stack Control Inputs 


RLEN 
(PIN 25) 


tRLS tRLH 
Rt 
(PIN 24) 


tRFL 


SFUL Cae iene) 
(PIN 22) FULL 


SAMT 


STACK PREVIOUSLY CONTAINS 
(PIN 23) 


TWO WORDS ONLY 


Figure 2. Timing Diagram for Stack Roll Operations 


Data 
Input 


Output 


Resulting Stack Register Contents Flags 


Operation RLEN RL WREN WR _ RST | DO-D11 | R6 R5 R4 R3 R2~ R1 |SFUL SAMT 
Roll Down 00 

Roll Down ©®@®Or elo 

Roll Down ©®®©OO @® rio £ 
Roll Down 01 

Koll Down oO -f 1 x 1 | x | ®@®@®®@®@®I]o 1 

Note 


‘Initially stack registers R1 to R6 contain words A to F respectively. 
See Table 2 notes. 


Table 3. Truth Table for Stack Roll Operations 
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LOADING THE DAC 


DAC Control Inputs 


Operation 


Load DAC Register from 
Word 1 Register 


Load DAC Register from 
Word 2 Register 


W1/W2 LDAC_ RST 


Load DAC Register with all ‘‘0’’s X X 0 Unipolar Mode; Output Assumes OV 
Bipolar Mode; Output Assumes -VrgR 
1 1 
1 1 


DAC Output 


Table 4. Truth Table for DAC Register Loading 


Ww1/W2 
(PIN 27) 


LDAC 
(PIN 26) 
Figure 3. Timing Diagram for DAC Register Loading 


APPLYING THE AD7544 


UNIPOLAR BINARY OPERATION 

(2-QUADRANT MULTIPLICATION) 

Figure 4 shows the analog circuit connections required for uni- 
polar binary (2-quadrant multiplication) operation. The logic 
inputs are omitted for clarity. With a de reference voltage or 
current (positive or negative polarity) applied at pin 2, the 
circuit is a unipolar D/A converter. With an ac reference volt- 
age or current the circuit provides 2-quadrant multiplication 
(digitally controlled attenuation). The input/output relation- 
ship is shown in Table 5. 


R1 provides full scale trim capability [1.e.—load the DAC 
register to 1111 1111 1111, adjust R1 for Vout = -VREF 
(4095/4096)]. Alternatively, Full Scale can be adjusted by 
omitting R1 and R2 and trimming the reference voltage 
magnitude. 


Phase compensation capacitor C1 (10 to 25pF) may be re- 
quired for stability when using high speed amplifiers, This 
capacitor cancels the pole formed by the DAC internal feed- 
back resistance and output capacitance at OUT1. 


Amplifier Al should be selected or trimmed to provide 

Vos < 10% of the voltage resolution at Voyt. Additionally, 
the amplifier should exhibit a bias current which is low over 
the temperature range of interest. Bias current causes an out- 
put offset at Vour equal to Ig times the DAC feedback re- 
sistance (nominally 15k{), The AD544L is a high-speed 
implanted FET-input op amp with low, factory-trimmed Vos, 
and low Ig. . 


*10V. Von 
VREF +5V 
e e 


Ri? ¥ 


ADS44L (SEE TEXT) 


OGND AGND 


NOTES: 1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NUMBER 4 


Figure 4. Unipolar Binary Operation (2-Quadrant 
Multiplication) 
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NOTE: All input signal rise and fall times measured from 
10% to 90% of Vpp, tr = t¢ = 20ns. Timing Measure- 


ment Reference level is Yn 


BINARY NUMBER IN 
DAC REGISTER 
MSB LSB 


1111 1111 1111 


ANALOG OUTPUT, Vout 


: 4095 
VREF( 4096 


1000 0000 0000 Vag 2038) -1/2 VREF 
0000 0000 0001 -Vrer (7996) 


0000 0000 0000 OV 


Table 5. Unipolar Binary Code Table for Circuit of Figure 4 


BIPOLAR OPERATION 

(4-QUADRANT MULTIPLICATION) 

Figure 5 and Table 6 illustrate the circuitry and code relation- 
ship for bipolar operation. With a dc reference (positive or 
negative polarity) the circuit provides offset binary operation. 
With an ac reference, the eleven LSBs provide digitally con- 
trolled attenuation of the ac reference while the MSB provides 
polarity control. 


With the DAC register loaded to 1000 0000 0000, adjust R1 
for Vout = OV (alternatively, one can omit R1 and R2 and 
adjust the ratio of R3 to R4 for Vout = OV). Full scale 
trimming can be accomplished by adjusting the amplitude of 
Vr_eF or by varying the value of RS. 


+10V Voo 
VREF +5V 


(SEE TEXT) 


AGND 


NOTES: 1. LOGIC INPUTS OMITTED FOR CLARITY 
2. SEE APPLICATION HINT NUMBER 4 


Figure 5. Bipolar Operation (4-Quadrant Multiplication) 


As in unipolar operation, Al must be.chosen for low Vos and 
low Ip. R3, R4 and R5 must be selected for matching and 
tracking. Mismatch of 2R3 to R4 causes both offset and Full 
Scale error. Mismatch of R5 to R4 and 2R3 causes Full Scale 
error. C1 phase compensation (10 to 25pF) may be required 
for stability. 


BINARY NUMBER IN 
DAC REGISTER 
MSB LSB. 


1111 1111 1111 


ANALOG OUTPUT, Vout 


*Vrer( 3045) 


4 
Veer (39a5) 


1000 0000 0001 


1000 0000 0000 OV 
0111 1111 1111 -Vrer(x945 ) 
0000 0000 0000 -VREF 2048 | 


Table 6. Bipolar Code Table for Offset Binary Circuit of 
Figure 5 


CRT VECTOR GENERATION 

The AD7544 can be used for vector generation in real-time 
CRT displays and intelligent X-Y plotters. Figures 6 and 7 
show the waveforms and circuitry for a vector stroke or vector 
refresh display which generates a graphic display vector by 
vector. This is achieved by adding a linear ramp voltage to 
each starting point coordinate; the amplitude of this ramp 
being the difference between the start and finish coordinates 
of the vector. Two AD7544s are required for each axis. The 
fifth AD7544 in Figure 7 controls the CRT Z-mod input to 
vary the vector intensity with vector length; the intensity 
data having been previously computed. 


Consider the two X-channel FIFO Registers of XDAC1 and 
XDAC2 to be simultaneously loaded with X axis coordinates. 
Word 1 (X1) of XDAC1 and Word 2 (X2) of XDAC2 are se- 
lected via the hard wired W1/W2 control inputs. Hence the 
A1 output, after loading the DAC registers is, 


Vox = -X1 (VREF1) ~X2 (VREF2) 


VrEFi and VrEr? are the reference voltages for XDAC1 and 
XDAC2 respectively ; 


VREF1 = Ves — V(t) 
and VrEF2 = V(t) 


where Vgs is the required full scale output voltage and V(t) 
is a positive ramp voltage of period T and maximum ampli- 
tude of Ves. See waveforms of Figure 6. 


Now Vox =-X1 (Vgs) + V(t) (X1 - X2) 
at t=0; V(t)=0 

and Vox = -X1 (Vrs) 
at t= T; V(t) = Vrs 

and Vox = -X2 (Vrs) - 


Thus a vector has been generated between X1 and X2. To 
generate the next vector between X2 and X3 the reference 
ramp is reset, both AD7544 stacks are rolled and their DAC 
registers subsequently loaded. The output voltage is now 


Vox = -X2 (VrEF1) — X3 (VREF2) 


Operation of the two Y-channel AD7544s is identical to the 
above. During vector generation the constant reference volt- 
age to the Z-mod AD7544 is multiplied by the appropriate 
brightness data in its DAC register. During ramp resetting 
and DAC register loading the polarity of this reference volt- 
age is changed causing screen blanking. 


[-— 1+ 


VECTOR 


| 
| GENERATED} 


it DISPLAY BLANKED FOR 
RAMP RESETTING AND 
DAC REGISTER LOADING 


Figure 6. CRT Vector Generation Waveforms 


12-BIT DATA BUS 
TO ALL DEVICES 


Vreri © 


WREN xX 


VREF2 © 


\ 
Vrer3 O aut 


lout2 


WREN Z 


RST TOPIN 19 OF EACH DEVICE { 


wR TO PIN 20 OF EACH DEVICE 
RL TO PIN 24 OF EACH DEVICE 
TO PIN 26 OF EACH DEVICE 


RLEW OF EACH DEVICE 
IS TIED TO DGND 


Figure 7. CRT Vector Generation Application 


APPLICATION HINTS 

The AD7544 is a precision 12-bit multiplying DAC designed 
for system interface. For a detailed description of multiplying 
DACs the reader is referred to Analog Devices “Application 
Guide to CMOS Multiplying D/A Converters’’, To ensure 
system performance consistent with AD7544 specifications, 
careful attention must be given to the following points: 


DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10-187 


* 


1, GENERAL GROUND MANAGEMENT: Voltage differen- 
y ces between the AD7544 AGND and DGND cause loss of 
accuracy (dc voltage difference between the grounds intro- 

duces gain error. AC or transient voltages between the 
grounds cause noise injection into the analog output). The 
simplest method of ensuring that voltages at AGND and 
DGND are equal is to tie AGND and DGND together at the 
AD7544. In more complex systems where the AGND - 
DGND intertie is on the back-plane, it is recommended 
that diodes be connected back-to-back between the 
AD7544 AGND and DGND pins (1N914 or equivalent). 


2. OUTPUT AMPLIFIER OFFSET: CMOS DACs exhibit a 
code-dependent output resistance which in turn causes a 
code-dependent amplifier noise gain. The effect is a diff- 
erential nonlinearity term at the amplifier output of magni- 
tude 0.67Vos (Vos is amplifier input offset voltage). This 
differential nonlinearity term adds to the R/2R differential 
nonlinearity. To maintain monotonic operation, it is rec- 
ommended the amplifier Vog be no greater than 10% of 
the DAC’s output resolution over the temperature range of 
interest [output resolution = Vprr(2™) where n is the 
number of bits exercised] . 


3. HIGH FREQUENCY CONSIDERATIONS: AD7544 out- 
put capacitance works in conjunction with the amplifier 


feedback resistance to add a pole to the open loop response. 


This not only reduces closed loop bandwidth, but can also 
cause ringing or oscillation if the spurious pole frequency is 
less than the amplifier’s OdB crossover frequency. Stability 
can be restored by adding a phase compensation capacitor 
in parallel with the feedback resistor. 
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4, GAIN TEMPERATURE COEFFICIENTS: The gain temper- 


ature coefficient of the AD7544 has a maximum value of 
5ppm/*C and a typical value of 2ppm/°C. This corresponds 
to gain shifts of 2,0LSBs and 0,82LSBs respectively over a 
100°C temperature range. When trim resistors are used to 
adjust full-scale range as shown in Figures 5 and 6 the 
temperature coefficient of R1 and R2 should be taken 

into account. It may be shown that the additional gain 
temperature coefficients introduced by R1 and R2 may 

be approximately expressed as follows: — 


Temperature Coefficient 


Ri 
contribution duetoR1 ~~ Rin (¥1 + 300) 


Temperature Coefficient == Rg 
contribution duetoR2 ~* Ri (Y2 + 300) 


Where 7; and 2 are the temperature coefficients in ppm/°C 

of R1 and R2 respectively and Ryy is the DAC input resist- 
ance at the Vpgrf terminal (pin 2). For high quality wire- 
wound resistors and trimming potentiometers ¥ is of the order _ 
of 50ppm/°C, It will be seen that if R1 and R2 are small com- 
pared with Ryn, their contribution to gain temperature coef- 
ficient will also be small, For the standard AD7544 gain error 
specification of +12,3LSBs it is recommended that R1 = 1202 
and R2 = 6022, With y = 50 these values result in an overall 
maximum gain error temperature coefficient of: 


5 + 2.08 (504 300) = 8ppm/C 


However, if the “‘G” version of the AD7544 is used which 
has a specified gain error of +1LSB, then with R1 = 10Q and 


R2 = 5Q2 the overall maximum gain temperature coefficient 
is increased by only 0.25ppm/°C. 


§ ANALOG ems 
DEVICES 12-Bit Buffered Multiplying DAC 


AD7545 


FEATURES 
12-Bit Resolution AD7545 FUNCTIONAL BLOCK DIAGRAM 
Low Gain T.C.: 2ppm/°C typ Ree 


Fast TTL Compatible Data Latches 

Single +5V to +15V Supply 

Small 20-Pin 0.3” DIP 

Latch Free (Schottky Protection Diode Not Required) 

Low Cost Pnee 
Ideal for Battery Operated Equipment 


b 
12-BIT > 
Lt _ 
a (18) Vop 
- e NPUT DATA LATCHES : 
C 


DB11-DB0 

(PINS 4-15) 
GENERAL DESCRIPTION ~PIN CONFIGURATION 
The AD7545 is a monolithic 12-bit CMOS multiplying DAC — | 
with on-board data latches, It is loaded by a single 12-bit wide out [7] e 20] Rre 


word and interfaces directly to most 12- and 16-bit bus sys- 
tems, Data is loaded into the input latches under the control 


of the CS and WR inputs; tying these control inputs low makes seas oe 28 voo 

the input latches transparent allowing direct unbuffered oper- DB11(MSB) [4 | aDp7545 wR 

ation of the DAC, DB10{ 5 | 116 | CS 
VIEW 

The AD7545 is particularly suitable for single supply operation DEP LSS anor ro: ple) DBO IESE 


and applications with wide temperature variations. DB8 SCALE) [74] 0B1 
_ The AD7545 can be used with any supply voltage from +5V OB7 (8 | 113 ] DB2 
to +15V. With CMOS logic levels at the inputs the device dis- ' pBée [9 | r12] DB3 
sipates less than 0.5mW for Vpp = +5V. DBS 7) oB4 


ORDERING INFORMATION 


Maximum 


Temperature Range 


Gain Error. 
Ta = +25°C 
Vpp = +5V | 0to+70°C |-25°C to +85°C! 


PACKAGE IDENTIFICATION?! »? 


Suffix “N’’: Plastic? DIP — (N20A) 
Suffix “Q”’: Cerdip* — (Q20B) 


Relative 


Accuracy -55°C to +125°C! 


+2LSB +20LSB._|AD7545JN. | AD7545AQ | AD7545SD 
+1LSB +10LSB |AD7545KN | AD7545BQ AD7545TD Suffix ‘“D”: Ceramic DIP — (D20B) 
+5LSB |AD7545LN | AD7545CQ AD7545UD 


NOTES 

1See Section 20 for package outline information. 

3 Analog Devices is offering the AD7545 in chip carriers, for 

NOTE: further information contact the factory. 

1 883B version is available. To order add “/883B” to part number shown. 3 Plastic encapsulated units will be available by early 1982. 

* Analog Devices reserves the right to ship ceramic packages in 
lieu of Cerdip packages. 


+1LSB AD7545GLN | AD7545GCQ AD7545GUD 
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SPECIFICATIONS (VREF = +10, VouT1 = OV, AGND = DGND unless otherwise specified) 


Vpp = +5V Vpp = +15V 
. Limit Limits 
Parameter ; Version Ta = 25°C Tins Tmax’ Ta = +25°C Trins Tmax’ Units Test Conditions/Comments 
STATIC PERFORMANCE 
Resolution All 12 12 12 12 Bits 
Relative Accuracy J, A,S +2 +2 £2 +2 LSB max 
K,B,T tl +1 +1 +1 LSB max 
L, C, U 1/2 £1/2 41/2 £1/2 LSB max 
GL, GC, GU 1/2 1/2 1/2 £1/2 LSB max 
Differential Nonlinearity J, A,S +4 +4 +4 +4 LSB max 10-Bit Monotonic Tin tO Tmax 
K, B,T t1 +1 +1 41 LSB max 12-Bit Monotonic Tyin tO Tmax 
L,C, U +1 +1 +1 +1 LSB max 12-Bit Monotonic Tpin to Tmax 
GL, GC, GU +1 +1 41 +1 LSB max 12-Bit Monotonic Trin to Tmax 
Gain Error (Using Internal RFB)* J,A,S +20 +20 £25 +25 LSB max DAC Register Loaded with 
K, B, T +10 +10 £15 415 LSB max 111111111111 
L, C, U £5 £6 +10 +10 LSB max Gain Error is Adjustable Using 
GL, GC, GU +1 22 +6 +7 LSB max the Circuits of Figures 4, 5 and 6 
Gain Temperature Coefficient? 
AGain/ATemperature All +5 +5 +10 £10 ppm/°C max Typical Value is 2ppm/C for Vpp = +5V 
DC Supply Rejection? 
AGain/AVpp All 0.015 0.03 0.01 0.02 % per % max AVpp = 5% 
Output Leakage Current at OUT1 J, K, L, GL 10 50 10 50 nA max DBO-DB11 = OV; WR, CS = 0V 
A, B, C, GC 10 50 10 50 nA max 
S,T, U, GU 10 200 10 200 nA max 
DYNAMIC PERFORMANCE 
Propagation Delay® (from Digital 
Input Change to 90% 
of final Analog Output) All 300 - 250 - ns max OUT1 LOAD = 1002. Cexry = 13pF* 
Digital Charge Injection All 400 - 250 = nV sec typ Vrer = AGND 
AC Feedthrough® 
At lout All 5 5 5 5 mV p-p typ Vref = £10V, 10kHz Sine Wave: 
REFERENCE INPUT 
Input Resistance ’ All 7 7 7 7 kQ min Input Resistance TC = -300ppm/°C max 
ON i a ss Typical np Reaistarice a1 1kSe 
ANALOG OUTPUTS 
Output Capacitance? 
Couti All 70 70 70 70 pF max DBO-DB11 = OV, WR, CS = OV . 
Cout1 All 200 200 200 200 pF max DBO-DB11 = Vpp, WR, CS = 0V 
DIGITAL INPUTS 
Input High Voltage 
Vin All 2.4 2.4 13.5 13.5 V min 
Input Low Voltage 
Vit / All 0.8 0.8 1.5 1.5 V max 
Input Current® 
In All. t1 +10 +1 +10 uA max Vin = 0 or Vpp 
Input Capacitance® 
DBO-DB11 All 5 5 5 5 pF max Vin = 0 
WR, CS All 20 20 20 20 pF max Vin= 0 
SWITCHING CHARACTERISTICS’ ; 
Chip Select to Write Setup Time All 280 380 180 200 ns min See Timing Diagram 
tcs 200 270 120 150 ns typ 
Chip Select to Write Hold Time 
tcH All 0 0 0 0 ns min 
Write Pulse Width ; 7 
twR All 250 400 160 240 ns min tcs?twr, tcH>0 
175 280 100 170 ns typ 
Data Setup Time All 140 210 90 120 ns min 
tps 100 150 60 80 ns typ 
Data Hold Time 
tpH All 10 10 10 10 ns min 
POWER SUPPLY 
lpp All 2 2 2 2 mA max All Digital Inputs Vy, or Viyq 
100 500 100 500 pA max All Digital Inputs OV or Vpp 
10 10 10 10 MA typ All Digi ital Inputs OV or Vpp 
NOTES 


‘Temperature Ranges as follows: JN, KN, LN,GLN: 0 to +70°C 


AQ, BQ, CQ, GCQ: -25°C to +85°C 
ST, TD, UD, GUD: -55°C to 4125°C 
® This includes the effect of Sppm max gain TC. 


® Guaranteed but not tested. 
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*DBO-DB11 = OV to Vpp or Vpp to OV. 
* Feedthrough can be further reduced by connecting the metal 
lid on the ceramic package (suffix D) to DGND. 


* Logic inputs are MOS gates. Typical input current (+25°C) is less than 1nA. 
"Sample tested at +25°C to ensure compliance. 


Specifications subject to change without notice. 


a 


WRITE CYCLE TIMING DIAGRAM 


DATA IN 
(DBO-DB11) 


ABSOLUTE MAXIMUM RATINGS* 
(Ta = +25°C unless otherwise noted) 


Vpp. to DGND so kG Sea A aR SE ESS -0.3V, +17V 
Digital Input Voltage to DGND............. -0.3V, Vpp 
VRERs- VREP tO DGND? 5.6 64 octane Fs ee h 425V 
VpIni 10 DGND. oica cesar eked a cna eS aS -0.3V, Vpp 
AGND to DGNDS 4:3.44..6esaweee teaeees -0.3V, Vpp 
Power Dissipation (Any Package) to TSC ele ened 450mW 


MODE SELECTION 


WRITE MODE: HOLD MODE: 


CS and WR low, DAC responds Either CS or WR high, data bus 
to data bus (DBO-DB11) inputs. (DBO-DB11) is locked out; DAC 
holds last data present when 
WR or CS assumed high state. 


NOTES: 

Vop = +5V; t, = te = 20ns 

Vop = +15V; t, = te = 40ns 

All input signal rise and fall times measured from 10% to 
90% of Vpp. 

Timing measurement reference level is Vi = Vin 4 


Derates above 75°C by... .....0e eee eee eee 6mW/°C 


Operating Temperature ; 
Commercial (JN, KN, LN, GLN) Grades ..... 0 to +70 C 


Industrial (AQ, BQ, CQ, GCQ) Grades. . . .-25°C to +85°C 
Military (SD, TD, UD, GUD) Grades. . . . -55°C to +125°C 
Storage Temperature ................ -65°C to +150°C 
Lead Temperature (Soldering 10 Seconds)........ +300°C 


*Stresses above those listed under ‘“‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation at or above this specification is not implied. Exposure to above maximum rating conditions for extended periods 


may affect device reliability. 


CAUTION: | 
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are diode protected; however, permanent damage 


Ly 


may occur on unconnected devices subject to high energy electrostatic fields. Unused devices must be stored in conductive 


foam or shunts. The protective foam should be discharged to the destination socket before devices are removed. 


TERMINOLOGY 


RELATIVE ACCURACY: The amount by which the D/A 
converter transfer function differs from the ideal transfer 
function after the zero and full scale points have been ad- 
justed. This is an end point linearity measurement. 


DIFFERENTIAL NONLINEARITY: The difference between 
the measured change and the ideal change between any two 
adjacent codes, If a device has a differential nonlinearity of 
less than 1LSB then it will be monotonic, i.e., the output will 
always increase for an increase in digital code applied to the 
D/A converter. 


PROPAGATION DELAY: This is a measure of the internal 
delay of the circuit and is measured from the time a digital 
input changes to the point at which the analog output at 
OUT1 reached 90% of its final value. 


DIGITAL CHARGE INJECTION: This is a measure of the 
amount of charge injected from the digital inputs to the 
analog outputs when the inputs change state. It is usually 
specified as the area of the glitch in nVecs and is measured 
with Vegr = AGND and an ADLH0032CG as the output 
op amp, C1 (phase compensation) =: 33pF. 
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CIRCUIT INFORMATION — D/A CONVERTER SECTION 
Figure 1 shows a simplified circuit of the D/A converter 
section of the AD7545 and Figure 2 gives an approximate 
equivalent circuit. Note that the ladder termination resistor 
is connected to AGND. R is typically 11kQ. 


VREF 
e 


Figure 1. Simplified D/A Circuit of AD7545 


The binary weighted currents are switched between the OUT1 
bus line and AGND by N-channel switches, thus maintaining a 
constant current in each ladder leg independent of the switch 
State, 


The capacitance at the OUT1 bus line, Cgy71, is code de- 
pendent and varies from 70pF (all switches to AGND) to 
200pF (all switches to OUT 1), 


One of the current switches is shown in Figure 2. The input 
resistance at Vepr (Figure 1) is alwaysequal to RLpR (RLpR 
is the R/2R ladder characteristic resistance and is equal to 
value “R’’), Since Ryy at the Veer pin is constant, the refer- 
_ ence terminal can be driven by a reference voltage or a refer- 
ence current, ac or dc, of positive or negative polarity. (If a 
current source is used, a low temperature coefficient external 
Rpg is recommended to define scale factor.) 


TO LADDER 


FROM 
INTERFACE 
LOGIC 


AGND OUT! 


Figure 2, N-Channel Current Steering Switch 


CIRCUIT INFORMATION—DIGITAL SECTION 
Figure 3 shows the digital structure for one bit. 


TO AGND SWITCH 


TO OUT1 SWITCH 


INPUT BUFFERS 


CONTROL 


CONTROL 
Figure 3. Digital Input Structure 


The digital signals CONTROL and CONTROL are generated 
from CS and WR. 


The input buffers are simple CMOS inverters designed such 
that when the AD7545 is operated with Vpp = 5V, the buffers 
convert TTL input levels (2.4V and 0,8V) into CMOS logic 
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RESISTOR |JN/AQ/SD [KN/BQ/TD [LN/CQ/TD] GLN/GCQ/GUD 


levels, When Vyy is in the region of 2.0 volts to 3.5 volts the 


input buffers operate in their linear region and draw current 
from the power supply. To minimize power supply currents 
it is recommended that the digital input voltages be as close 

to the supply rails (Vpp and DGND) as is practically possible. 


The AD7545 may be operated with any supply voltage in the 
range 5<Vpp S15 volts. With Vpp =.+15V the input logic 
levels are CMOS compatible only, i.e., 1.5V and 13.5V. 


BASIC APPLICATIONS . 

Figures 4 and 5 show simple unipolar and bipolar circuits using 
the AD7545. Resistor R1 is used to trim for full scale. The “G” 
versions (AD7545GLN, AD7545GCQ, AD7545GUD) have 

a guaranteed maximum gain error of +1LSB at +2 5°C (Vpp = 
+5V) and in many applications it should be possible to dis- 
pense with gain trim resistors altogether. Capacitor C1 pro- 
vides phase compensation and helps prevent overshoot and 
ringing when using high speed op amps. Note that all the 
circuits of Figures 4, 5 and 6 have constant input impedance 
at the Vref terminal, 


The circuit of Figure 4 can either be used as a fixed reference 
D/A converter so that it provides an analog output voltage in 
the range 0 to -Vjn (note the inversion introduced by the op 
amp) or Vyy can be an ac signal in which case the circuit be- 
haves as an attenuator (2-Quadrant Multiplier). Vin can be 
any voltage in the range -20<Vjj <+20 volts (provided the 
op amp can handle such voltages) since Vegr is permitted to 
exceed Vpp. Table 2 shows the code relationship for the 
circuit of Figure 4, 


Vop R2* 


Vout 


AD544L 
(SEE TEXT) 


ANALOG 
COMMON 


*REFER TO TABLE 1. 


DB11-DBO 
Figure 4, Unipolar Binary Operation 


TRIM 


Table 1, Recommended Trim Resistor Values vs. Grades 


Binary Number in 
DAC Register 


4095. 
1111. 1111 1111 “Vig Laope 
Vn, §2048) __ 
1000 0000 0000 IN {3098 = -1/2 Vin 
1 
-V; te he 
0000 0000 0001 IN {aaoe} 
0000 0000 0000 | OVolts 


Table 2. Unipolar Binary Code Table for Circuit of Figure 4 


Figure 5 and Table 3 illustrate the recommended circuit and | 
code relationship for bipolar operation. The D/A function it- 
self uses offset binary. code and inverter U; on the MSB line 
converts 2’s complement input code to offset binary code. 

If appropriate, inversion of the MSB may be done in software 


ANALOG 
COMMON 


*FOR VALUES OF R1 AND R2 
SEE TABLE 1. 


DATA INPUT 


Figure 5. Bipolar Operation (2’s Complement Code) 


Analog Output 


0111 1111 414111 +VIN * {se | 
0000 0000 0001 +VIN . {sare } 
2048 
0000 0000 0000 0 Volts 
Vv om oe 
1111 1111 1111 -VIN + 15048 
= oe {2048 } 
1000 0000 0000 IN aoae 


Table 3. 2’s Complement Code Table for Circuit of Figure 5 


using an exclusive -OR instruction and the inverter omitted. 
R3, R4 and R5 must be selected to match within 0.01% and 
they should be the same type of resistor (preferably wire- 
wound or metal foil), so that their temperature coefficients 
match. Mismatch of R3 value to R4 causes both offset and 

full scale error. Mismatch of R5 to R4 and R3 causes full 
scale error. 


Figure 6 shows an alternative method of achieving bipolar . 
output. The circuit operates with sign plus magnitude code 
and has the advantage that it gives 12-bit resolution in each 

quadrant compared with 11-bit resolution per quadrant for 


Vop R2* 


SIGN BIT 


*SEE TABLE 1 FOR VALUES OF R1 AND R2. 


Figure 6. 12-Bit Plus Sign Magnitude D/A Converter 


the circuit of Figure 5. The AD7592 is a fully protected 
CMOS change-over switch with data latches. R4 and R5 should 
match each other to 0.01% to maintain the accuracy of the 
D/A converter. Mismatch between R4 and R5 introduces a 
gain error. 


Binary Numbers in 
DAC Register 


Sign 
Bit 


4095 


0 1111 1111 +Vin » {2 
0 0000 0000 0 Volts 

1 0000 0000 0 Volts 

1 1111 1111 -Vin -{ 


Note: Sign bit of “0” connects R3 to GND. 


Table 4, 12-Bit Plus Sign Magnitude Code Table for 
Circuit of Figure 6. 


APPLICATIONS HINTS 

Output Offset: CMOS D/A converters exhibit a code depend- 
ent output resistance which in turn can cause a code depend- 
ent etror voltage at the output of the amplifer. The maximum 
amplitude of this offset, which adds to the D/A converter 
nonlinearity, is 0.67 Vos where Vog is the amplifier input 
offset voltage. To maintain monotonic operation it is recom- 
mended that Vos be nogreater than (25 X 10~°) (VrgF) over 
the temperature range of operation. Suitable op amps are 
AD517L and AD544L. The AD517L is best suited for fixed 
reference applications with low bandwidth requirements: it 
has extremely low offset (SOuV) and in most applications 

will not require an offset trim. The AD544L has a much wider 
bandwidth and higher slew rate and is recommended for multi- 
plying and other applications requiring fast settling. An offset 
trim on the AD544L may be necessary in some circuits, 
General Ground Management: AC or transient voltages be- 
tween AGND and DGND can cause noise injection into the 
analog output. The simplest method of ensuring that voltages 
at AGND and DGND are equal is to te AGND and DGND 
together at the AD7545, In more complex systems where the 
AGND and DGND intertie is on the backplane, it is recom- 
mended that two diodes be connected in inverse parallel 
between the AD7545 AGND and DGND pins (1N914 or 
equivalent). 

Digital Glitches: When WR and CS are both low the latches 
are transparent and the D/A converter inputs follow the data 
inputs. In some bus systems, data on the data bus is not always 
valid for the whole period during which WR is low and as a 
result invalid data can briefly occur at the D/A converter 
inputs during a write cycle. Such invalid data can cause un- 
wanted glitches at the output of the D/A converter. The 
solution to this problem, if it occurs, is to retime the write 
pulse WR so that it only occurs when data is valid. 
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Another cause of digital glitches is capacitive coupling from 
the digital lines to the OUT 1 and AGND terminals. This should 
be minimized by screening the analog pins of the AD7545 
(Pins 1, 2, 19, 20) from the digital pins by a ground track 

run between pins 2 and 3 and between pins 18 and 19 of 

the AD7545. Note how the analog pins are at one end of the 
package and separated from the digital pins by Vpp and DGND 
to aid screening at the board level. On-chip capacitive coupling 
can also give rise to crosstalk from the digital to analog sec- 
tions of the AD7545, particularly in circuits with high cur- 
rents and fast rise and fall times, This type of crosstalk is 
minimized by using Vpp = +5 volts. However, great care 
should be taken to ensure that the +5V used to power the 
AD7545 is free from digitally induced noise. 


Temperature Coefficients: The gain temperature coefficient 
of the AD7545 has a maximum value of 5ppm/°C and a 
typical value of 2ppm/°C. This corresponds to worst case 
gain shifts of 2LSBs and 0.8LSBs respectively over a 100°C 
temperature range. When trim resistors R1 and R2 are used 
to adjust full scale range, the temperature coefficient of R1 
and R2 should also be taken into account. The reader is 
referred to Analog Devices Application Note ‘Gain Error 
and Gain Temperature Coefficient of CMOS Multiplying 
DACs”, Publication Number E630—10—6/81. 


SINGLE SUPPLY OPERATION 

The ladder termination resistor of the AD7545 (Figure 1) is 
connected to AGND. This arrangement is particularly suitable 
for single supply operation because OUT 1 and AGND may be 
. biased at any voltage between DGND and Vpp. OUT1 and 
AGND should never go more than 0.3 volts less than DGND 
or an internal diode will be turned on and a heavy current 
may flow which will damage the device. (The AD7545 is, 
however, protected from the SCR latch-up phenomenon 
prevalent in many CMOS devices.) 


Figure 7 shows the AD7545 connected in a voltage switching 
mode. OUT1 is connected to the reference voltage and AGND 
is connected to DGND. The D/A converter output voltage is 
available at the Vpgr pin and hasa constant output impedance 
equal to R: Rgg is not used in this circuit. 


+15V 


REFERENCE 
VOLTAGE © 


DB11-DB0O 
15 VOLT CMOS DIGITAL INPUTS 


Figure 7. Single Supply Operation Using Voltage 
Switching Mode 
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The loading on the reference voltage source is code dependent — 
and the response time of the circuit is often determined by the 
behavior of the reference voltage with changing load conditions, 
To maintain linearity, the voltages at OUT1 and AGND should 
remain within 2.5 volts of each other, for a Vpp of 15 volts. If 
Vpp is reduced from 15V or the differential voltage between 
OUT1 and AGND is increased to more than 2.5V the differ- 
ential nonlinearity of the DAC will increase and the linearity 
of the DAC will be degraded. Figures 8 and 9 show typical 
curves illustrating this effect for various values of reference 
voltage and Vpp. If the output voltage is required to be off- 
set from ground by some value, then OUT1 and AGND may 

be biased up. The effect on linearity and differential non- 
linearity will be the same as reducing Vpp by the amount 

of the offset. 


5 0 
Voo (VOLTS) 


Figure 8. Differential Nonlinearity vs. Vpp for Figure 7 
Circuit. Reference Voltage = 2.5 Volts, Shaded Area Shows 
Range of Values of Differential Nonlinearity that Typically 
Occur for L, C and U Grades, 


+5 
Vraer (VOLTS) 


Figure 9, Differential Nonlinearity vs. Reference Voltage for 
Figure 7 Circuit. Vpp = 15 Volts. Shaded Area Shows Range 
of Values of Differential Nonlinearity that Typically Occur 
for L, C, and U Grades. 


The circuits of Figures 4, 5 and 6 can all be converted to single 
supply operation by biasing AGND to some voltage between 
Vpp and DGND. Figure 10 shows the 2’s Complement Bipolar 
circuit of Figure 5 modified to give a range from +2V to +8V 
about a “‘pseudo-analog ground” of 5V. This voltage range 
would allow operation from a single Vpp of +10V to +15V. 
The AD584 pin-programmable reference fixes AGND at +5V. 
Vin is set at +2V by means of the series resistors R1 and R2.. 
There is no need to buffer the Vpgrf input to the AD7545 
with an amplifier because the input impedance of the D/A 
converter is constant, Note, however, that since the tempera- 
ture coefficient of the D/A reference input resistance is typi- 
cally -300ppm/°C, applications which experience wide tem- 
perature variations may require a buffer amplifier to generate 
the +2.0V at the AD7545 Vrer pin. Other output voltage 
ranges can be obtained by changing R4 to shift the zero 

point and (R1 + R2) to change the slope, or gain of the 

D/A transfer function. Vpp must be kept at least 5V above 
OUT1 to ensure that linearity is preserved. 


Vpp = +10V TO +15V 


CMOS DATA BUS 
Vop = +10V TO +15V 


Figure 10, Single Supply “Bipolar” 2’s Complement D/A 
Converter 


MICROPROCESSOR INTERFACING OF THE AD7545 
The AD7545 can interface directly to both 8- and 16-bit 
microprocessors via its 12-bit wide data latch using standard 
CS and WR control signals, 


A typical interface circuit for an 8-bit processor is shown in 
Figure 11. This arrangement uses two memory addresses, one 
for the lower 8 bits of data to the DAC and one for the upper 
4 bits of data into the DAC via the latch. 


Aporess [- 
DECODE a 
: cs 
LATCH 


4 
AD7545 


8-BIT DATA BUS 


*Oo = DECODED ADDRESS FOR DAC 
Q, = DECODED ADDRESS &OR LATCH 


Figure 11. 8-Bit Processor to AD7545 Interface 


Figure.12 shows an alternative approach for use with 8-bit 


processors which have a full 16-bit wide address bus such 
-as 6800, 8080, Z80. This technique uses the 12 lower 


16-BIT ADDRESS BUS 


Figure 12. Connecting the AD7545 to 8-Bit Processors via 
the Address Bus 


address lines of the processor address bus to supply data to 
the DAC, thus each AD7545 connected in this way uses 4k 
bytes of address locations, Data is written to the DAC using 
a single memory write instruction. The address field of the 
instruction is organized so that the lower 12 bits contain the 
data for the DAC and the upper 4 bits contain the address 
of the 4k block at which the DAC resides. | 


SUPPLEMENTAL APPLICATION MATERIAL 
For further information on CMOS multiplying D/A converters 
the reader is referred to the following texts: 


Application Guide to CMOS Multiplying D/A converters 
available from Analog Devices, Publication Number G479, | 


Gain Error and Gain Temperature Coefficient of CMOS 
Multiplying DACS — Application Note, Publication Number 
E630—10—6/81 available from Analog Devices, 


Analog-Digital Conversion Notes — available from Analog 
Devices, price $5.95, 


DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10-195 


ae 
% 


ANALOG 
DEVICES 


FEATURES 

Monotonic to 16 Bits Over Temperature 
On-Chip Deglitch Switch 

Unipolar and Bipolar Operation 
Microprocessor Compatible 

TTL/CMOS Compatible Latched Inputs 
Voltage Output (Constant Output Impedance) 
Low Cost 

Low Power Consumption: 50mW typ 


GENERAL DESCRIPTION 
The AD7546 is a 16-bit voltage-output DAC with input data 
latches for interfacing to 16-bit microprocessors. It uses a 
novel design consisting of a 12-bit R-2R DAC, operated in the 
_ voltage switching mode, which is supplied with a reference 
voltage from a 4-bit segment DAC under the control of the 
four most significant bits. A monolithic CMOS device, the 
AD7546 offers outstanding differential nonlinearity specifica- 
tions; +0.006% (14-bit monotonicity) and +0.0015% (16-bit 
monotonicity). 


An on-chip deglitch switch which is synchronized with the 


latch loading signal is provided for use with track/hold circuits. 


ORDERING INFORMATION 


Temperature Range 


Relative Differential 

Accuracy Nonlinearity Oto +70°C | -25°C to +85°C 
+0.05% +0.006% AD7546JN AD7546AD 
+0.012% +0.0015% AD7546KN AD7546BD 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP — (D40A) 
Suffix N: Plastic DIP — (N40A) 


1See Section 20 for package oudine information. 


= - ~ CMOS | 
16-Bit Multiplying DAC 


AD7546 


AD7546 FUNCTIONAL BLOCK DIAGRAM 


Vaert 


R1 (6 


\ SWITCH 
DECODE 

SEGMENT | LOGIC AND 

SWITCHES | BRIVERS 


SW1 SW2 WR CS 0BI5 ------- DBO 
NOTE: SWITCHES ARE SHOWN FOR SEGMENT 0 
i.e., INPUT CODE OF OXXXH. 


40-PIN DIP 


PIN CONFIGURATION 


AD7546 
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Rea 


| ( = : Vsg = 5V, 7 
SPECIFICATIONS eer ve = -4V, Al, A2=AD544K, unless otherwise noted) 


; Limit at Limit at . 
Parameter Ta = +25°C Ta = Tin, Tmax. Units Conditions/Comments 
ACCURACY 
Resolution 
All Grades 16 16 Bits 
Relative Accuracy 
AD7546JN, AD +0.05 +0.05 % FSR max? This is an end-point linearity specification 
AD7546KN, BD +0.012 +0.012 % FSR max assuming zero offset voltage for Al, A2. 
Differential Nonlinearity 
AD7546JN, AD +0.006 +0.006 % FSR max Guaranteed monotonic to 14 bits (DBO and DB1 = 0). 
AD7546KN, BD +0.0015 +0.0015 % FSR max Guaranteed monotonic to 16 bits over temperature. 
Gain Error? 
Positive Full Scale -0.02 -0.02 % FSR max DAC latches loaded with FFFFy 
Negative Full Scale -0.02 -0.02 % FSR max DAC latches loaded with 0000yq 
Gain T.c. +2 . 22 ppm of FS/°C max | | 
dc Supply Rejection : 
AGain/AVpp 100 100 LV per V typ Vpp = +14.5V to +15.5V 
DYNAMIC PERFORMANCE 
Voltage Settling Time® 4 4 Us typ To 0.01% of final value. 
5 5 Us typ To 0.003% of final value. 
10 10 Us typ To 0.00076% of final value. Measured using the 
circuit of Figure 6. 
SWITCHING CHARACTERISTICS® . With +5V input logic levels. 
tcws 0 0 ns min Chip select to WRITE setup time 
tCWH 0 0 ns min Chip select to WRITE hold time 
twR 400 600 ns min WRITE pulse width 
tos 200 300 : ns min Data setup time 
tpH . . 100 150 ns min Data hold time 
REFERENCE INPUTS 
Resistance 
Vrer* to VrEF~ 20/32/50 20/32/50 kQ, min/typ/max Typical Resistance TC is -300ppm/°C 
R1, R2 20/30/50 20/30/50 kQ2, min/typ/max 
R1, R2 Match © 
AD7546JN, AD 0.5 0.5 % max Typical TC of Ri, R2 match is +ippm/°C 
AD7546 KN, BD 0.1 0.1 % max 
Voltage Range 
VrEF* +5 +5 V max The AD7546 is tested with Vrgr* = 
VREF_ -5 -5 V max +4V, VREF = -4V 
ANALOG OUTPUT 
Rout (Output Resistance) 10/15/25 10/15/25 kQ2, min/typ/max 
Court (Output Capacitance) 8 8 pF max 
DEGLITCH SWITCH ; 
Ron 300/600 450/900 QQ typ/max 
ILEAKAGE 1 10 nA max Off switch leakage 
LOGIC INPUTS . 
Vin . 2.4 2.4 V min 
ViL 0.8 0.8 V max 
Irn (Input Leakage Current) 1 1 KA max Vin = OV or Vpp 
Cin (Input Capacitance) 8 8 pF max 
Input Coding 16-Bit Unipolar Binary . See Figure 7 
16-Bit Offset Binary . See Figure 8 
POWER SUPPLY ; 
Vpp +15 +15 Vv +5% for specified performance 
Vss -5 -5 Vv +5% for specified performance 
Ipp 4 4 mA max Vin = Vir or Vip 
Ipp 200 200 BA max Vin = OV or Vpp, CS = WR « OV 
Iss 100 100 uA max 


NOTES 
‘Temperature ranges as follows: AD7546JN, KN; 0 to +70°C 
AD7546AD, BD; -25°C to +85°C 

7 FSR is Full Scale Range 

> These gain error specifications have assumed an input offset voltage for A2 of OV. Actual gain error figures should include 
amplifier A2 input offset voltage. : 

“Gain TC specifications have assumed a zero input offset voltage drift with temperature for A2. Actual gain TC figures should 
include amplifier A2 drift with temperature. 

5 Voltage settling time will be a function of the time constant RC seen at the buffer amplifier inputs. The resistance component of 
this time constant is the equivalent output impedance of the resistor string and will vary depending on which segment is decoded. 
Maximum equivalent resistance occurs at mid-scale. Worst case settling thus occurs from zero to mid-scale or from full-scale to mid-scale. 

*+15V logic can be used to reduce power dissipation but no improvement is achieved in the timing specifications. All control 
signals are measured with ty = t¢ = 20ns for +5V logic and timed from Min + Vit) . Data is timed from Viyy or Vi. Sample 
tested at +25°C to ensure conformance. 

7 Guaranteed but not tested. 


Specifications subject to change without notice. 
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CAUTION: 


ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; | 
however, permanent damage may occur on unconnected devices subject to high energy elec- 
trostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


ABSOLUTE MAXIMUM RATINGS 
(Ta = +25°C unless otherwise noted) 


(Note that cavity lid on Ceramic Package is Electrically Con- 
nected to Vpp) 


Vpp (Pin 40) to DGND ............... 000 ee OV, +17V 
Vog. (Pin 21) to DGND § ia ee Ok ee See Se we, OV, -7V 
VreF* (Pin 37) to DGND.... 1... 0. eee ees Vpp; VREF_ 
VreF (Pin 34) to DGND.... 1... 0 ee ee ees Vss, VREF* 
REAPin= 36) to: DGND 4 a ocee s Gt BREE SEH AOE A +25V 
R2 (Pin-3:5):t0 DGND 3.8 oi aes ee eee SH Ne Ga +25V 


DB12 LOW (S17, S19 Closed) 
Al - (Pin 32) or Al Out (Pin 33) 
to A2 - (Pin 28) or A2 Out (Pin 29)...... -0.3V, +5V 
DB12 HIGH (S18, $20 Closed) 
A2 - (Pin 28) or A2 Out (Pin 29) 
to Al - (Pin 32) or Al Out (Pin 33)...... -0.3V, +5V 


Al + (Pin 31), A2 + (Pin 27)toDGND......... Vss, Vop 
Vour (Pin 25) to DGND cis ke beeen we ees +25V 
SW1 (Pin 24), SW2 (Pin 22) toDGND.......... Vss, Vpp 
Digital Inputs (Pins 2-19) to DGND......... -0.3V, +17V 


WARNING! 


SI 


ESD SENSITIVE DEVICE 


Power Dissipation (Package) 
Plastic (AD7546JN, KN) 


Up£0: 450 Cig esac Be oes eee as 1200mW 
Derates above +50°C by........-..-4-. 12mW/°C. 
Ceramic (AD7546AD, BD) 
Up'te' 950 Cxigos aed) pacer eneen aie 1000mW 
Derates above +50°C by........-...05. 10mW/°C 
STRESS 


Stresses above those listed under ‘‘Absolute Maximum Ratings”’ 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
at any other condition above those indicated in the operation- 
al sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 
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ACCURACY SPECIFICATIONS 

-Two types of nonlinearity errors exist in D/A converters, 
relative accuracy and differential nonlinearity. Relative ac- 
curacy is the error resulting from departure of the DAC trans- 
fer characteristic from the ideal straight line drawn between 
measured zero and measured full scale. 


Differential Nonlinearity (DNL) is the difference between the 
measured output voltage change between two adjacent input 
codes and the ideal change of 1LSB. A specified DNL of +1 
LSB guarantees monotonicity (i.e. the output voltage will 
never decrease for any increase in input code). To ensure that 
the output voltage will always increase when the input code is 
increased requires a DNL specification of less than +1 LSB. 
This point is illustrated in Figure 1. 


ANALOG 
OUT 


DIGITAL INPUT 


Figure 1a. +1/2LSB Differential Nonlinearity 


roe 
+1LSB DNL i 
ro? 
‘ 
Ct a 
( 
‘ 
(] 
( 


ANALOG 
OUT 


DIGITAL INPUT 


Figure 1b. +1LSB Differential Nonlinearity 


Many applications require high resolution DACs with guaran- 
teed monotonicity (but not necessarily with an equivalent 
relative accuracy) for fine control of temperature, position 
and other physical parameters. Good differential nonlinearity 
is essential in such systems to maintain an even degree of con- 
trol over the full range. Monotonicity is particularly important 
in feedback systems where nonmonotonic behavior consti- 
tutes positive feedback which may lead to catastrophic results. 
To ensure monotonic behavior of a particular device, only 
those bits which are guaranteed monotonic for that grade 
should be exercised e.g., for the AD7546JN (14-bit monotonic), 
DBO and DB1 should be tied LOW and DB2 - DB15 exercised. 
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THEORY OF OPERATION OF THE AD7546 

The traditional solution to achieving high resolution DACs 
with guaranteed monotonicity is the R-2R ladder approach. 
This technique usually constrains the converter to have 
+1/2LSB nonlinearity in order to guarantee monotonicity, 
which in turn requires very tight resistor matching and tracking. | 
The resistor ladder tolerance is most critical for the major 


_carry where, in a 16-bit DAC, the 15LSBs turn off and the most 
significant bit turns on. If the MSB is more than 0.0015% low, 


the converter will be nonmonotonic. Table 1 shows the maxi- 
mum tracking error which can be allowed over a 60°C range to 
maintain monotonicity, which is +1LSB DNL. A standard 
R-2R approach therefore imposes severe constraints on resistor 
matching. 


The design technique used in the AD7546 sidesteps the 
penalty inherent in the R-2R design (i.e. that tight differential 
nonlinearity figures require tight nonlinearity figures). The 
block diagram of the AD7546 is shown in Figure 2. The top 
four bits of the 16-bit input data are decoded to select, via the 
segment switches, one of the 16 voltage segments available 
along the resistor chain. This voltage segment, Vperr’ - VREF~ 
16 


| 
SEGMENT | 
SWITCHES , 


LOGIC AND 
DRIVERS 


AD7546 


16-BIT DATA LATCH 


SW1  SW2 WR cS 
NOTE: SWITCHES ARE SHOWN FOR SEGMENT 0 
i.e., INPUT CODE OF OXXXH. 


Figure 2. AD7546 Functional Diagram 


’ 


Initial Matching Required for: 


Converter 
Type 
Straight R-2R 


Segmented 4 
Bits +. 12 Bits 


+1LSB DNL 
+1LSB DNL +1/2LSB DNL (1/2LSB INITIAL DNL) | (1/4LSB INITIAL DNL) 


+0,0015% +0.00076% +0.127ppm/°C 


+0.024% +0.012% +2ppm/°C 


Tracking Required for: 


+1/2LSB DNL 


+0.063ppm/°C 


Table 1. Resistor Matching Requirements for 16-Bit DAC 


is used as a voltage reference to feed a 12-bit R-2R type D/A 
converter operating in the voltage switching mode (Reference 
1). From Figure 2 the reference voltage is the voltage between 
Vx and Vy and is always equal to one voltage segment. The 
output of the D/A converter may be expressed as follows: 


Vout = Vy + D(Vx - Vy) 


where D is the lower 12-bit digital code, Vx is the higher seg- 
ment voltage and Vy is the lower segment voltage. The 12-bit 
D/A converter reference inputs, Vx and Vy, are connected to 
the two resistor chain nodes which define the segment of 
interest and the 12-bit D/A converter interpolates between 
these two points. 


Thus the 65,536 output levels available from the 16-bit DAC. 
are composed of 16 groups of 4,096 steps each. Since the 
major carry of the 12-bit DAC is repeated in each of the 16 
segments it requires sixteen times lower initial resistor accuracy 
and tracking to maintain a given differential nonlinearity over 
temperature. ‘The resistors that determine monotonicity are in 
the 12-bit DAC. The truth table for the switch decoder is 
shown in Table 2. 


Segment Output 

Switches Switches 
1 1 1 1 S15, S16 S18, S20 
1 1 1 0 $14, S15 $17,819 
1 1 0 1 $13,814 $18, S20 
1 1 0 0 $12,813 $17,819 
1 0 1 1 $11,$12 $18, S20 
1 0 1 0 ~$10,S11 $17,819 
1 0 0 1 $9, S10 $18, $20 
1 0 0 0 S8, S9 $17,819 
0 1 1 1 S7,S8 $18, $20 
0 1 1 0 $6, S7 $17,819 | 
0 1 0 1 S5, S6 $18, S20 
0 1 0 0 $4, S85 $17,819 
0 0 1 1 $3, S4 $18, S20 
0 0 1 0 S2, $3 $17,819 
e) 0 0 1 $1, $2 $18, S20 
0 0 0 0 SO,S1 — $17,819 


Table 2. Truth Table for Switch Decoder 


Since the input impedance of the D/A converter is low and 
varies with code, two external amplifiers are used to buffer the 
selected reference segment from the D/A converter. The buffer 
amplifiers, Al, A2, could give rise to differential nonlinearity 
if connected directly to Vx and Vy and stepped up the ladder. 


For example consider Al and A2 to have input offset voltages 
Vosi and Vos? respectively, then the first major carry from 
segment 0 to segment 1 occurs as follows: 


Segment0: Vx = V1 +Vosi, Vy = Vo + Vos2 
VouT= Vo + Vos2 + (1 - 1/212) 
[(V1 + Vos1)- (Vo + Vos2)] 
(Vi-Vo)_ (Vos - Vos2) 
Vout= Vi +Vosi--——~347- ~~ 912 | | 
Segment 1: Vx = V2+Vosi, Vy = Vi + Vos2 | 


Vout= Vi + Vos2 
The error term generated by this segment change is: 

Vos2 - Vosi + “os1—Yos2) 
It can be seen that Vos; and Vos2 must match to within one 
LSB to guarantee monotonic behavior at this transition. 


To overcome this problem the AD7546 circuit interchanges 
the amplifiers at each segment transition and, as a result, 
differential nonlinearity can be guaranteed for a very Jarge 
range of Vos. Switching inside the feedback loop of the op 
amp is used to remove the effect of switch Ron. With this 
technique the first major carry from segment 0 to segment 1 
now occurs as follows: 


Vx = V1 + Vosi, Vy = Vo + Vos2 


Segment 0: 
(Vi - Vo) _ (Vos: - Vos2) 
Vout = V1 + Vosi- -—~573,— > oS 
Segment 1: Interchange amplifiers 


Vx = V2 + Vos2, Vy = V1 + Vos 

Vout = Vi + Vos1 
The error term at the transition from one segment to another ~ 
is now (Vgs1 - Vos2)/4096 which gives very good differential 
nonlinearity for reasonable offsets. At the next segment transi- 
tion, Vx = V3 + Vgs1, Vy = V2 + Vos2 and so on through each 
segment. The amplifiers are interchanged via output switches 
$17 - S20, see Table 2. 


In the segmented DAC the precision of the resistor chain 
determines integral nonlinearity only. If the resistor chain is 
trimmed for perfect matching such that Vn + 1 = Vn=Vn-1= 
Vsegment, then the resulting nonlinearity due to amplifier off- 
set voltage corresponds to a gain error in adjacent segments of 
Vos1 - Vosz2, see Figure 3. This term may be nulled to zero 
with offset adjustment of one op amp. 
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V3 | OFFSET VOLTAGES HAVE BEEN GREATLY, 
INCREASED FOR ILLUSTRATIO 
Vos1, Vos2 ARE BOTH POSTIVE, WITH 


Vos > Vos2 


see IDEAL TRANSFER 


CHARACTERISTIC 


DAC (NO OFFSETS), 
OUTPUT POSITIVE UNIPOLAR 
VOLTAGE OPERATION 


PRESENT) 


vi 
(Vos1 - Vos2) 


vo 


SEGMENT 0 


SEGMENT 2 


SEGMENT 1 
DIGITAL INPUT 
Figure 3. Positive Unipolar Transfer Characteristic 
(VREF =OV, VREF* = +4V) Exaggerated to Show 
the Effect of Amplifier Offset Voltages 


Furthermore, if offsets are equal in magnitude and sign, the 
result is a constant offset shift in the D/A transfer function 
and the device will have true 16-bit linearity. 


(Reference 1. Analog Dialogue, Volume 14, Number 1 
P16-17.) 


OP-AMP SELECTION 

Amplifiers A1 and A2 determine the overall performance of 
the AD7546, Since these are external to the converter, the 
user can choose amplifiers which will tailor the system per- 
formance to the required accuracy. Input bias current, open- 

- loop gain and offset voltage of the amplifiers affect relative 
accuracy. Differential nonlinearity is affected by input bias 
current. (The offset voltage contribution to linearity has 
already been dealt with on previous pages.) The following two 
expressions deal with the relationship between device linearity 
and input bias current. 


For Differential Nonlinearity: 


14 | (pias) (R) 


MAX DNL (in LSBs) = io” ILSB 


For Relative Accuracy: 
15 | (Isias) (R) 
2. 1LSB 
Where Ipias = _ Input bias current for the noninverting 
input terminal of Al or A2 
VREF’ ~- VREF~ 
2N 


MAX NL (in LSBs) = 


1LSB 


N is determined by the required system 
resolution up to N = 16. 


R = R segment, typically 2kQ 


Low bias current op amps, BIFET or Super-Beta types, should 
be used such as the AD542K, AD544K, AD517K, TLO71, 
TLO81. Table 3 lists some important parameters against 
various op amps. Note that the AD7546 output settling time 
is dependent upon the op amps used. The figures in column 
two give the additional offset voltage contribution to nonline- 
arity of Al and A2. 
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Maximum Settling Time (us) 
Additional to +1/2LSB 
Nonlinearity 14 Bits 16 Bits 


2 X AD544KH 
1 X TLO72BCP 


+0.01% 


(Dual) +0.05% 10. 
2X ADS17JH +0.003% 100 
1X AD644JH 

(Dual AD544)| +0.01% 35 
2X LF256 +0.05% 


Settling time measurements were made with a similar op amp to 
buffer VourT (A4 in Figure 6) 


Table 3. AD7546 Performance vs A1, A2 


DATA LOADING AND DEGLITCH SWITCH 

The AD7546 timing specifications are included on specifica- 
tions page and illustrated here in Figure 4. Signals CS and WR 
have the same interpretation as in normal microprocessor 
systems. When both CS and WR are low the input latches are 
transparent and the DAC output voltage follows the input 
data. With CS low, the input data is latched on the rising edge 
of WR. 


tow 
tows 
0 
twr 
WR 0 
tos tou 
DATA IN yi Mg 
(DBO - 0815) Vit Vie 
0 
Vin * Vin 
NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS goo 


Figure 4. AD7546 Timing Waveforms. 


Included on the chip is an SPST switch intended for use in a 


Track/Hold circuit to remove glitches from the DAC output 


and simplify low-pass filtering of the reconstructed output 
voltage. The switch is synchronized with the latch loading 
signals, being open when both CS and WR inputs are low. 
The internal logic of the AD7546 ensures that the switch 
opens before data to the latches can change. To function as 


_ a Track/Hold the switch is placed in series with the DAC out- 


put as shown in Figure 5. Pin 23 is a no-connect pin which 
should be grounded to minimize any feedthrough resulting 
from stray capacitances at the two switch terminals. The 
switch should be used with pin 24 as the input and pin 22 as 
the output. When the switch is open the Hold capacitor stores 
the previous output voltage of the DAC. The WR pulse should 
be of sufficient duration to allow the DAC to settle to its new 
analog output and for all glitches to have settled out. Driving 
the WR input from a one-shot will ensure sufficient settling 
time. 


When WR returns high the switch is closed, updating the output 
voltage on the capacitor. Typical output. waveforms using the 
circuit of Figure 5 are shown below. ' 


AD7546 


f WITHOUT 
DEGLITCHER 


WITH 
DEGLITCHER 
Cy = 2nF 


UNIPOLAR AND BIPOLAR OPERATION 

The reference voltage Vpzr* - Vref” is divided into sixteen 
equal voltage segments by the resistor chain. The top four 
input data bits (DB15 - DB12) are used to select one of these 
voltage segments for the 12-bit DAC to interpolate between. 
By suitable choice of Vpgrt and Veg the AD7546 transfer 
characteristic can be shifted such that any segment start will 
coincide with the zero crossing of the transfer characteristic. 
With an input code of all Os the DAC output is Vygr . For an 
all 1s input code the DAC output is 1LSB less than Veg. 
The maximum positive reference voltage, VREF > must be less 


than or equal to +5V; the maximum negative reference voltage, 


Veer » Should be less than or equal to -5V. 


A typical circuit configuration for the AD7546 is shown in 
Figure 6. Unipolar (single quadrant) operation is obtained 
when one end of the resistor chain is tied to ground i.e. when 
VreFt = +VrRerF and Vref = OV or when Vrgrt = OV and 
VREF~ = -VRreF. A Unipolar transfer characteristic with a 
positive reference is shown in Figure 7. The negative supply 
voltage Vss must be at least as negative as the most negative 
reference voltage used, Vpgf~. For positive unipolar applica- 
tions Vss may be set to OV and the AD7546 operated as a 
single supply device. 


Bipolar (two quadrant) operation with a symmetrical transfer 
function around OV is achieved with IVreF*l = |VpgF |. The 
zero crossing now occurs when DB15 = 1 and DB14 to DBO 
all Os. A Bipolar transfer characteristic is shown in Figure 8. 


Note that VREF" must always be more positive than VrgF 3 
operation is confined to two quadrants (1st and 3rd). 
Two equal trimmed resistors, R1 and R2, are included on. the. | 


AD7546 to allow one reference to be generated from the other 
with the addition of an external amplifier (A3 in F igure 6). 


AD7546 


0815 - OBO 


16-BIT 
DATA BUS 


FROM MICROPROCESSOR 

Figure 6. Typical Circuit Configuration for the AD7546 
Vaer’ * Vos2 1LSB 

15( VRE! YREF) « Vos, 


vi *. Veer” 
14 ( REF owner). Vos? 


2( Veer’ - Vaer “d+ Vos2 


ANALOG OUTPUT (V) 


Vace’ - Vrer” 
(2m gM) son f 


Vrer” * Vos2 
0000H  1000H 2000H £€000H FOO0OH FFFFH 
DIGITAL INPUT CODE 


Figure 7. Unipolar Transfer Characteristic (Positive Reference) 


ANALOG 
OUTPUT (V) 


Vaer’ * Vos2 - 1LSB 


5 ( i ae )+Vos1 


9 ( Wate’ —Vner), Voss 


8000H 9000H FOOOH FFFFH 


; ( Mnee AEE ) Wess 


(vaee - VRer” ) 


+ Vos1 


Vrer + Vos2 


Figure 8. Bipolar Transfer Characteristic, \VREF | = |VREF | 
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Figure 9. Typical Settling Characteristics of Figure 6 Using Figure 10. Typical Loading Waveforms with CS = OV 
TLO71 for Full Scale Code Change 
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Figure 11a. Typical Error vs Input Code Figure 11b. Typical Error vs Input Code 
with Al = A2 = AD544K with Al = A2=AD517L 
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ANALOG 
DEVICES 


8- Bit Monolithic High Speed 


Multiplying D/A Converter 


AD DAC-08 


FEATURES 

Exact Replacement for Industry Standard DAC-08 

Fast (85ns typical) Settling Time 

Linearity Error +1/4LSB (+0.1%) Guaranteed Over Full 
Temperature Range 

Wide Output Voltage Compliance: -10V to +18V 

Single Chip Monolithic Construction 

16-Pin Ceramic DIP Packaging 

Low Cost 

MIL-STD-883 Processing Available 


PRODUCT DESCRIPTION 

The AD DAC-08 is a low-cost, 8-bit monolithic multiplying 
digital-to-analog converter featuring typical settling times of 
85ns. The chip contains 8 matched bipolar current steering 
switches, a precision resistor network, and high-speed control 
amplifier, thus integrating all important circuit functions on a 
single chip. 

The AD DAC-08 provides matching of full-scale output current 
to the reference current within 1LSB. Analog Devices’ pre- 
cision linear processing makes this matching possible without 
the use of laser trimming. Diffused resistors are used rather 
than thin-film resistors in order to provide specified per- 
formance at low cost. 


The AD DAC-08 is recommended for use in applications re- 
quiring 8-bit accuracy and fast settling times coupled with ease 
of use. The AD DAC-08 also provides an alternate source for 
designs already using the standard DAC-08. 


The AD DAC-08 is available in 5 performance grades: the AD 
DAC-08A and AD DAC-08 are rated for the full -55°C to 
+125°C military temperature range; and the AD DAC-08H, 

E, and C grades are specified for the 0 to +70°C commercial 
temperature range. All models are guaranteed monotonic over 
their full temperature range, and all are packaged in a hermeti- 
cally-sealed 16-pin ceramic dual-in-line package. 


AD DAC-08 FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT HIGHLIGHTS 


1. 


The AD DAC-08 is a true second-source equivalent to the 
industry standard DAC-08. 


. The versatile current-in, current-out design, choice of fixed 


or variable reference, and CMOS or TTL compatible inputs 
offer the user greater flexibility in applying the device. 


. The fast settling time allows the AD DAC-08 to be used in 


applications such as CRT displays, waveform generators, 
and high-speed analog-to-digital converters. 


. The high impedance current output can drive a resistor 


directly, or be used with an external op amp to produce a 
low impedance output voltage. 


. The AD DAC-08 is available in chip form for use in hybrid 


microcircuits, Consult the chip section for available grades 
and application details. 


. The AD DAC-08 and AD DAC-O8A are available screened 


to MIL-STD-883, Method 5004 Class B. 


DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10-205 


0 & ey 


Pe 
nny 


SPECIFICATIONS Ar rh ae matte mt a6, 2a, 


MODEL | | : AD DAC-08 AD DAC-08A 
CHARACTERISTIC SYMBOL _ CONDITIONS MIN TYP MAX MIN. TYP MAX UNITS 
eg gcc rnc eS TSS EC ES PPPS SS AE ESS EOL GS Sc SLED 
RESOLUTION 8 8 Bits 
MONOTONICITY a Ta =-55°C to +125°C GUARANTEED GUARANTEED 
NONLINEARITY Ta =-55°C to +125°C. +0.19 +0.1 % FS 
SETTLING TIME ts Full Scale Step to +1/2LSB 85 135 : 85 135 ns 
PROPAGATION: DELAY tpLH» tpH_ _ All Bits Switched 35 60 , 35 60 ns 
FULL SCALE TEMPCO TC Ips +10 +50 +10 +50 ppm/°c 
OUTPUT VOLTAGE COMPLIANCE = Voc_| Alps < 1/2LSB; a 

Rout > 20MQ typ -10 +18 -10 +18 V de 
FULL SCALE CURRENT j lrsq VrEF = 10.000V; Ry4, R15 = 
5.000kQ; Ta = 25°C 1.94 1.99 2.04 1.984 1.992 2.000 mA 
FULL SCALE SYMMETRY Iss (Ipsq - Is) +1.0 +8.0 +0.5 +4.0 LA 
ZERO SCALE CURRENT Iz5 0.2 2.0 0.1 1.0 pA 
OUTPUT CURRENT RANGE lFSR V-=-5.0V 1) 2.0 2.1 0 2.0 2.1 mA 
V-=-7.0 to -18V 0 2.0 4.2 0 2.0 4.2 mA 
. LOGIC INPUT LEVELS 
Logic “0” Vit Vic = 0V 0.8 0.8 Vv 
Logic ‘‘1”’ Vin Vic = OV 2.0 2.0 Vv 
LOGIC INPUT CURRENTS - Vic =0V 
Logic “0” lip -10V <Viy <+0.8V -2.0 -10 -2.0 -10 pA 
Logic “1” In 2.0V <Viy <18V 0.002 10 0.002 10 pA 
LOGIC INPUT SWING Vis V-=-15V -10 +18 -10 +18 V 
LOGIC THRESHOLD RANGE VIHR Vs = +15V -10 +13.5 -10 +13.5 V 
REFERENCE BIAS CURRENT IREF +0.1 1.0 -3.0 +0.1 1.0 -3.0 A 


REFERENCE INPUT SLEW RATE di/dt 4.0 8.0 4.0 8.0 mA/us 
POWER SUPPLY SENSITIVITY PSSIgs, V+=4.5V to 18V +0.0003 +0.01 . +0.0003 +0.01 %/% 
PSSIrs_ V-=4.5V to -18V +0.002 +0.01 +0.002 +0.01 %/% 
IREF = 1.0mA 
POWER SUPPLY CURRENT 
From +Vs I+ 0.4 2.3 3.8 0.4 2.3 3.8 mA 
From -Vs I- -0.8 6.4 -7.8 0.8 6.4 -7.8 mA 
POWER DISSIPATION Pp t5V, IREF=1.0mA | 33 48 33 48 mW 
+5V, -15V, IREF = 2.0mMA 108 136 108 136 mW 
+15V, IpEF =2.0mA 135 174 135 174 mW 
PACKAGE STYLE! “D” (Q16A) AD DAC-08D AD DAC-08AD 


Specifications subject to change without notice. 


'See Section 20 for package outline information. 


ABSOLUTE MAXIMUM RATINGS 


Operating Temperature 


AD DAC-08, DAC-O08A..... racers ee -, .-55°C to +125°C 
AD DACOSEV CH es. nasacciion hare Katee 0 to +70°C 
Storage Temperature ..... Leen eee 765°C to +150°C 
Power Dissipation ee ee ee a ae ..... 300mW 
Above 100°C Derate by ..........0000. 10mWw/°C 
Lead Soldering Temperature............. 300°C (60sec) 
-Vs Supply to +Vsg Supply ............... i ae 4 SOV 
Logic: Inputs: os.ciw hee aGGd oh -Vs to (-Vs +36V) 
VC se oe ee a ae ae cee a wee ee a7 Vg to +V5 
Reference Inputs (Vj4, V15)..... Cred Soe ....7Vs to +Vs 
Reference Input Differential 
Voltage (V (4-tO-Vag Jef 6 2.0 he erent taces ....t18V 
Reference Input Current (Ij4)........... eer 5.0mA 


VOL. I, 10-206 DIGITAL-TO-ANALOG CONVERTERS 


SPECIFICATIONS "<2 it etna 8°04 200 


MODEL AD DAC-08C AD DAC-08E AD DACA 
CHARACTERISTIC SYMBOL CONDITIONS MIN TYP - MAX MIN TYP MAX MIN TYP MAX UNITS 
LLL PEE ETS SN SP SSE SMB 5G TEES SS SS SS GS YS FS SS PE 2 SSE ET SAPS POS SS PS EE EC AI EE EE IO TE LTE EEO 
RESOLUTION 8 8 - 8 Bits 
MONOTONICITY Ta =0 to +70°C GUARANTEED GUARANTEED | GUARANTEED 
NONLINEARITY Ta =0 to +70°C £0.39 £0.19 +0.1 % FS 
aan PRA Bae RR SS ARES A A SP A NN SS SERVO PSI A SRP TE I ET EAT SI DG SYR OE A ES IT RECS PRET PERS BLOB IO SEES ESNOE NEEL OY REESE TORIES AIEEE TCO EE NLL INTE OES ELE LEADED IES ILL ICES LADLE 
SETTLING TIME ty Full Scale Step to 1/2LSB 85 150 85 150 85 135 ns 
PROPAGATION DELAY tpLH. tpH_ _—AIll Bits Switched 35 60 35 60 355 60 ns 
Ce ee eee nal 
FULL SCALE TEMPCO TC Irs +10 +80 +10 +50 +10 +50 ppm? Cc 
OUTPUT VOLTAGE COMPLIANCE Voc Alps < 1/2LSB; 

Rout >20MQ -10 +18 -10 +18 -10 +18 Vdc 
FULL SCALE CURRENT Ips4 VreF = 10.000V; Ry4, Ris = 
5.000kQ; Ta = 25°C 1.94 1.99 2.04 1.94 1.99 2.04 1.984 1.992 2.000 - mA 
FULL SCALE SYMMETRY Irss (Ips4 - Ips2) +2.0 +16 +1.0 +8.0 +0.5 44.0 . WA 
patches: + 7 1 EEEiran amas 
ZERO SCALE CURRENT Izs 0.2 4.0 0.2 2.0 0.1 1.0 pA 
OUTPUT CURRENT RANGE ISR V- = -5.0V 0 2.0 2.1 0 2.0° 2.1 0 2.0 2.1 mA 
V-=-7.0 to -18V 0 2.0 4.2 0 2.0 4.2 () 2.0 4.2 - mA 
LOGIC INPUT LEVELS 
Logic “0” Vit Yic = OV 0.8 0.8 0.8 Vv 
Logic “1” Vin Vic = OV 2.0 2.0 2.0 Vv 
LOGIC INPUT CURRENTS : Vic = OV 
Logic “0” lie -10V < Vin <+0.8V -2.0 -10 -2.0 -10 -2.0 -10 yA 
Logic ‘1" ln 2.0V <Vin <18V 0.002 10 0.002 10 0.002 10 YA 
LOGIC INPUT SWING Vis V-=-15V -10 +18 -10 +18 -10 +18 Vv 
LOGIC THRESHOLD RANGE Vy Vs = t15V -10 +13.5 -10 413.5 -10 +13.5 Vv 
REFERENCE BIAS CURRENT I +0.1 -1.0 -3.0 +0.1 -1.0 -3.0 +0.1 -1.0 -3.0 yA 


REFERENCE INPUT SLEW RATE di/dt 4.0 8.0 ; 4.0 8.0 4.0 8.0 ; mA/us 


POWER SUPPLY SENSITIVITY PSSIgs, V+=4.5V to 18V +0.0003 +0.01 +0.0003 +0.01 +0.0003 +0.01 %/% 
PSSigs_ V-=-4.5V to -18V +0.002 £0.01 +0.002  +0.01 +0.002 £0.01 %/% 

IpEp = 1.0mA 
POWER SUPPLY CURRENT I+ From +Vs5 0.4 2.3 3.8 0.4 2.3 3.8 0.4 2.3 3.8 mA 
I- From -V. 0.8 6.4 -7.8 0.8 6.4 -7.8 0.8 6.4 -7.8 mA 


POWER DISSIPATION Pp £5V, IngF = 1.0mA 33 48 33 48 33 48 mW 
a; +5V, -15V, IREF = 2.0mA 108 136 108 136 108 136 mW 
+15V, Ipep = 2.0mA 135 174 135 174 135 174 mW 

PACKAGE STYLE! “D” (Q16A) AD DAC-08CD AD DAC-08ED AD DAC-08HD : 


Specifications subject to change without notice. 
See Section 20 for package outline information. 


TERED 16 COMPEN 
lout 2 15 Vereg (-) 
Vs 3 14 Vreg (+) 

lout 4 13 +Vs 
(MSB) B1 5— 12 B8 (LSB) 
B2 6 11 B7 | 

B3 7 10 BE 

B4 8 9 BS 


TOP VIEW 


Burn-In Circuit 


Pin Connections 
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‘APPLYING THE AD DAC-08 
Reference Connections 


Figure 1 shows the block diagram of the AD DAC-08 circuit. 
A reference current (equal to the desired full-scale output cur- 
rent) is applied to pin 14. The reference amplifier adjusts the 
base voltage of the NPN current source transistors. The col- 
lector currents are binarily weighted, and their sum is equal to 
255/256 times the reference current. The binary weighting is 
accomplished by the diffused resistor R-2R ladder network. 
The individual collector currents are steered into either the 
lout Or IouT lines by the current switches. These switches 
are driven by level shifters which can accept TTL or CMOS 
logic levels directly. The Ioyr and IouT lines can drive an op 
amp summing junction or can drive resistive loads directly due 
to the wide range of output compliance voltage. 


LOGIC BUFFERS AND LEVEL SHIFTERS 


CURRENT 
SWITCHES 


Figure 1. AD DAC-08 Block Diagram 


Figure 2 illustrates the connections for positive and negative 
references. When a positive reference is used (Figure 2a), 
resistor R14 (equal to Vrgrf divided by the desired Ips) es- 
tablishes the reference current into pin 14. Reference ampli- 
fier bias current errors are minimized by connecting R15 (equal 
to R14) from pin 15 to ground. Adjustment of the output 
scale can be done by trimming R14, although in most applica- 
tions the tight initial matching between reference current and 
output current will be adequate. 


+Vs5 


B1 (MSB)O O (+) VReF JS -L 


R14 = Ris 


B8 (LSB)O 
COMP Q 


R14 | Cmin 
1kQ. | 15pF 
2kQ | 37pF 
5kQ | 75pF 


Figure 2a. Connections for Use with Positive Reference 


é 


Figure 2b shows the connections for a negative reference. Note 
that the reference current flows from ground into pin 14 
through R14, which should be a low TC resistor as in the posi- 
tive reference configuration. Resistor R15 serves the purpose 
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B1 (MSB)O 


B8 (LSB)O 
COMPQ 


C 
(SEE FIG. 2a) 


Figure 2b. Connections for Use with Negative Reference 


of bias current cancellation only and need not be a precision 
resistor. Note that the input impedance for a negative refer- 
ence is very high, while a positive reference sees an impedance 
equal to R14. 


When a dc reference is used, a 0,01uF reference bypass capac- 
itor is recommended. The reference should be a low-drift, well- 
regulated and filtered type, such as the AD581 10V reference 
IC. Other values of reference voltage may be used, provided 
that R14 is chosen for a reference current between 0.2mA and 
4.0mA. 


MULTIPLYING MODE PERFORMANCE 

The AD DAC-08 can be used to perform two-quadrant digital- 
analog multiplication by applying an ac reference signal. When 
an ac reference is used, pin 15 must be offset to insure that pin 
14 is always at a higher potential than pin 15. 


The reference amplifier must be properly compensated in ac 
applications to insure stability. The value of the capacitor 
from pin 16 to -Vs depends on the value of R14. Minimum 
values of compensation capacitor for R14 values of 1, 2 and 
5k&2 are 15, 37 and 75pF respectively. 


For fastest response to a pulsed reference, low values of R14 
should be used, allowing smaller values of compensation ca- 
pacitor. It is possible to lower the equivalent resistance at 
pin 14 by connecting a shunt resistor to ground. Figure 3 
shows the performance with equivalent resistance of 2002 
and no compensation capacitor. Slew rate is approximately 
15mA/ps under these conditions. 


By imA/DIV 


= 200ns/DIV 


Figure 3. Fast Pulsed Reference Operation 


The photographs on this page demonstrate the dynamic per- 
formance of the AD DAC-08, The AD DAC-08 is capable of 
extremely fast settling time, typically 85 nanoseconds for a 
full-scale step with IREF = 2.0mA. As with any high speed 
circuitry, component layout must be optimized for minimum 
parasitic capacitances if full speed is to be realized. 


Figure 4 below shows the output settling characteristic for a 
full-scale step. The vertical scale is 1LSB per division, Note 
that the zero-to-full scale settling time (Figure 4a) to within 
1/2LSB is approximately 70 nanoseconds, 


Figure 4b. Full-Scale to Zero Settling 


Since the settling time of a DAC circuit includes propagation 
delay, slewing time, and final settling, switching time is best 
measured when only the LSB is switched. This minimizes the 
slewing time necessary. The LSB switching characteristic is 
shown in Figure 5. 


SETTLING TIME MEASUREMENT 

_ It should be noted that settling time measurement is not a 
simple matter. Since 1/2LSB of a 2.0mA full scale is only 4uA, 
a 1kQQ load resistance is needed to provide adequate drive for 


Typical Performance Photographs 


most oscilloscopes. However, any stray capacitance can cause 
the settling time of the fixture to be longer than the DAC 
settling time. For example, 15pF stray capacitance can cause 
a settling time to 1/2LSB of nearly 100 nanoseconds in the 
test fixture alone. The circuit of Figure 6 reduces the capa- 
citance at the measurement node to less than 5pF, allowing 
more accurate determination of settling time. 


MINIMUM 
CAPACITANCE 
AT THIS NODE 


+15V—- 18V 


BANDWIDTH OF OSCILLOSCOPE USED FOR MEASUREMENT SHOULD BE SOMHz 
MINIMUM; SATURATION OF PREAMP MUST BE AVOIDED. 


Figure 6. Settling Time Test Circuit 


LOGIC INPUT CIRCUIT 

The AD DAC-08 digital inputs will accommodate all popular 
logic families. The switching threshold is adjustable by apply- 
ing a voltage to the logic threshold control pin (pin 1), The 
threshold is nominally 1.4 volts above Vic at room tempera- 
ture. For TTL/DTL interface, pin 1 is simply grounded. The 
logic inputs will tolerate wide voltage swings; for example, for 
-Vs = -15V, the inputs may swing between -10V and +18V. 
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OUTPUT CONNECTIONS. 

The I and Ig outputs provide the user with several poksible 
output configurations. Current is steered into the Ig terminal 
when a bit is at Logic “1”, and into Ig when the bit is at 
Logic “0”. Either output may be used, or both may be used 
simultaneously. if only one output is used, the unused out- 
put must still be connected to ground or some other point 
capable of sourcing Ips. 


MSB ; LSB 
B1 82 B3 B4 BS B6 B7 B8 
e 


AD DAC-08 


FULL SCALE 
FULL SCALE -LSB 


HALF SCALE + LSB 


HALF SCALE 
HALF SCALE -LSB 
ZERO SCALE +LSB 
ZERO SCALE 


Figure 7. High Impedance Voltage Output 


The wide output compliance range permits the AD DAC-08 
to drive a resistive load directly. For example, with IpEF = 
2.0mA, and a 5k22 resistor from pin 4 to ground, the voltage 
at pin 4 varies from OV with all bits OFF to -9.960V with all 
bits ON. While this is the simplest current-to-voltage conver- 
sion, it presents a 5kQ2 output impedance, which adversely 
affects settling time and requires buffering. 


An operational amplifier configured as a current-to-voltage 
converter will lower the output impedance and provide a 
voltage inversion. An output range of zero to +9.960V is then 
produced with a 5k{2 feedback resistor as shown in Figure 8. 


MSB LSB 
B1 B2 B3 B4 BS B6 B7 B8 


Ry = 5.000k2 


0 to +9.960V 


Figure 8. Low Impedance Voltage Output 
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Bipolar output voltage ranges are also possible. Figure 9 
demonstrates the simplest scheme, providing a -9.92 to 
+10.00 volt scale in 80 millivolt steps. The voltage output 
has a high impedance as shown and should be buffered with 
an amplifier connécted as a voltage follower. 


+15V 


AD DAC-08 


e e e @ 
B1 B2 B3 B4 BS B6 B7 BB 
MSB LSB 


ZERO SCALE +LSB 


ZERO SCALE 

ZERO SCALE -LSB 
.NEG FULL SCALE +LSB 
NEG FULL SCALE 


Figure 9. Bipolar Voltage Output 


ANALOG — a3 High Resolution 
DEVICES 16-Bit D/A Converter 


AD DAC71/ AD DAC72 


AD DAC71/AD DAC72 FUNCTIONAL BLOCK DIAGRAM 


ADVANCE TECHNICAL DATA 


FEATURES 

16-Bit Resolution 

+ 0.003% Maximum Nonlinearity 

Low Gain Drift +5ppm/°C 

0 to + 70°C Operation (AD DAC71, AD DAC72C) 
— 25°C to +85°C Operation (AD DAC72) 
Current and Voltage Models Available 
Improved Second-Source 


Low Cost 
seo 
pall § Milica 
i 

PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS os 
The AD DAC71 and AD DAC72 are high resolution 16-bit 1. The AD DAC71 and AD DAC72 provide 16-bit resolution 
hybrid IC digital-to-analog converters including reference, with 0.003% linearity. 10. 
scaling resistors and output amplifier (V models). 2. The proprietary chips used in the hybrid design provide 
The devices offer outstanding accuracy, including maximum ~ excellent stability over temperature and improved reliability. 
linearity of 0.003% at room temperature and maximum gain 3. Unipolar and bipolar current and voltage output versions are 


drifts of 1Sppm/°C (AD DAC71, AD DAC72C) and 5ppm/°C 
(AD DAC72). This performance is possible due to the innovative 
design, using proprietary monolithic D/A converter chips. 
Laser-trimmed thin film resistors provide the linearity and wide 
temperature range for guaranteed monotonicity. 


The AD DAC7]1 and AD DAC72 digital inputs are TTL-com- 
patible. Coding is complementary straight binary (CSB) for 
unipolar output versions and complementary offset binary 
(COB) for bipolar output versions. 


available to fill a wide range of system requirements. 


4. The AD DAC71 and AD DAC72 are improved second 
source replacements for DAC71 and DAC72 devices from 
other manufacturers. 


All versions are packaged in a 24-pin ceramic DIP. The AD 
DAC72 and AD DAC72C are specified for operation from 0 to 
+ 70°C, and the AD DAC72 is specified from — 25°C to 

+ 85°C. The AD'DAC71 and AD DAC72 are intended to serve. 
as improved second sources to DAC71 and DAC72 devices from 
other manufacturers. 
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MODEL 


DIGITALINPUTS 
Resolution 
Logic Levels (TT L-Compatible)" 
Logical ‘1’ (at + 40pA) 
Logical ‘‘0”’ (at — 1.02A) 


ACCURACY 
Linearity Error at 25°C 
Gain Error’, Voltage 
Current 

Offset Error’, Voltage, Unipolar 
Voltage, Bipolar 
Current, Unipolar 
Current, Bipolar 

Monotonicity Temp. Range (14-Bits) 


DRIFT (Over Specified Temp Range) 
Total Bipolar Drift (include gain, offset, 
and linearity drift), Voltage 
Current 
Total Error over Temp Range* 
Voltage, Unipolar 
Bipolar 
Current, Unipolar 
Bipolar 
Gain, Voltage 
Current 
Offset 
Voltage, Unipolar 
Bipolar 
Current, Unipolar 
Bipolar 
Differential Linearity over Temperature 
Lipearity Error over Temperature 


SETTLING TIME 
Voltage Models (to + 0.003% of FSR) 
Output: 20V Step 
1LSB Step* 
Slew. Rate 
Current Models (to + 0.003% of FSR) 
Output: 2mA step 10Oto 100M Load 


1k Load 
Switching Transient 
ANALOG OUTPUT 
Voltage Models 
Ranges - CSB 
COB 
Output Current 
Output Impedance (dc) 
Short Circuit Duration 
Current Models 
Ranges —- CSB 
COB 
Output Impedance — Unipolar 
Bipolar 
Compliance 


INTERNAL REFERENCE VOLTAGE 
Maximum External Current® 
Temp. Coeff. of Drift 


POWER SUPPLY SENSITIVITY 
Unipolar Offset 
+15Vde 
+5Vdc 
Bipolar Offset 
+15Vdc 
+5Vdc 
Gain 
+15Vdc 
+5Vdc 


POWER SUPPLY REQUIREMENTS 
DAC71/72 


Supply Drain, + 15V dc (no load) 
+ 5V dc (logic supply) 
TEMPERATURE RANGE 
Specification 
Operating (double above Drift Specs) 
Storage 


NOTES 


a . eal F 
as f" ‘ : ee: Oe 
t s : . BS Rath oe ze 


ae 


SPEC | FI CATI ONS «. (T, @ +25°C, rated power sup unless otherwise: noted) 


AD DAC71/72C AD = 
[MIN TYP ___MAX_| MIN 


UNITS 


Bits 


Vdc 
Vdc 


' %of FSR? 
% 


ppm of FSR/°C 
ppm of FSR/°C 


% of FSR 
% of FSR 
% of FSR 
% of FSR 
ppm/°C 
ppm/°C 


ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 


20 20 V/ps 


Oto +10 Oto +10 


+10 +10 

+5 +5§ mA 
0.05 0.05 

Indefinite to Common 


Indefinite to Common 


Oto -—2 Oto —2 mA 
+] +] mA 
15 15 kO 
4.4 4.4 kQ 


ppm/°C 


% of FSR/% Vs 
% of FSR/% Vs 


% of FSR/% Vs 
% of FSR/% Vs 


% of FSR/% Vs 
% of FSR/%Vs 


Vdc 
mA 
mA 


1 Adding external CMOS hex buffers CD4009A will provide 15V dc CMOS i input compatability. 
2FSR means Full Scale Range and is 20V for + 10V range, 10V for + SV range, etc. 


3 Adjustable to zero with external trim potentiometer. 


“With gain and offset errors adiusted to zero at 25°C. 
SLSB is for 14-bit resolution. 
®Maximum with no degradation of specification. 


Specifications subject to change without notice. 
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*Re = 5k§2 (CSB), 10k{2 (COB) 


Figure 1. External Adjustment and Voltage Supply Con- 
nection Diagram, Current Model 


sles 


AD DAC71/DAC72 


*Re = 5k{) (CSB), 10k{? (COB) 


+Vs 
6 


(LSB) 


Figure 2. External Adjustment and Voltage Supply Con- 
nection Diagram, Voltage Model 


Model 


AD DAC71-COB-I 
AD DAC71-CSB-I 
AD DAC72C-COB-I 
AD DAC72C-CSB-I 
AD DAC72-COB-I 
AD DAC72-CSB-I 


AD DAC71-COB-V 
AD DAC71-CSB-V 
AD DAC72C-COB-V 
AD DAC72C-CSB-V 
AD DAC72-COB-V 
AD DAC72-CSB-V 


Output 


Current 
Current 
Current 
Current 
Current 
Current 


Voltage 
Voltage 
Voltage 
Voltage 
Voltage 
Voltage 


ORDERING GUIDE 


Input Code 


Comp. Offset Binary 
Comp. Straight Binary 
Comp. Offset Binary 
Comp. Straight Binary 
Comp. Offset Binary 
Comp. Straight Binary 


Comp. Offset Binary 
Comp. Straight Binary 
Comp. Offset Binary 
Comp. Straight Binary 
Comp. Offset Binary 
Comp. Straight Binary 


'See Section 20 for package outline information. 
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PIN CONFIGURATION 


I Models 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit6 | 
Bit 7 
Bit 8 
Bit 9 
Bit 10 
Bit 11 


—15Vdc 
Common 
lout 


Gain Adjust 


+15Vdc 


6.3VeEF Out 


Temp Range 


0to + 70°C 
Oto + 70°C 
Oto + 70°C 
Oto + 70°C 
— 25°C to + 85°C 
— 25°C to + 85°C 


Oto + 70°C 
Oto + 70°C 
Oto + 70°C 
0 to + 70°C 
— 25°C to + 85°C 
— 25°C to + 85°C 


Pin # 


Package 
Seal 


Polymer 
Polymer 
Hermetic 


Hermetic 


Hermetic 
Hermetic 


Polymer 
Polymer 

Hermetic 
Hermetic 
Hermetic 
Hermetic 


24 LEAD DUAL IN-LINE PACKAGE 


V Models 


Bit 1 (MSB) 


Bit 2 


Bit3 


Bit4 
Bit 5 
Bit 6 
Bit 7 
Bit 8 
Bit 9 
Bit 10 
Bit 11 
Bit 12 
Bit 13 
Bit 14 
Bit 15 


Bit 16(LSB) 


Vout 
+5Vdc 
—15Vdc 


Common 


Summing Junction 
Gain Adjust 


+15Vdc 


6.3VerF Out 


Package 
Option! 


HY24B 
HY24B 
HY24B 
HY24B 
HY24B 
HY24B 


HY24B 
HY24B 
HY24B 
HY24B 
HY24B 
HY24B 


DISCUSSION OF SPECIFICATIONS a a 

Digital Input Codes 

The AD DAC71 and AD DAC72 accent complementary digital 
input codes in a binary format. The CSB (complementary 
straight binary) versions provide unipolar outputs proportional 
to the binary input code. The COB (complementary offset 
binary) versions deliver a bipolar analog output in response to 
the offset binary digital input code. The COB versions can also 
be used with CTS (complementary two’s complement) coding 
by inverting the most significant bit. Table I shows the relationship 
between the digital inputs and analog outputs. 


CSB Compl. COB Compl. 
Straight Binary Offset Binary 


+ Full Scale + Full Scale 
+ 1/2 Full Scale 


~ Full Seale 


Mid-Scale - 1LSB | - 1LSB 


CTS Compl. 
Two’s Compl. 


” All BitsOn 
Mid-Scale 
All Bits Off 


0000... 
Olll... 
OA Gear 


+ Full Scale 


Table. Digital Input Codes 


ACCURACY 

Linearity Error 

Linearity error is the most important accuracy specification in a 
digital-to-analog converter, since it cannot be externally trimmed 
or adjusted. Linearity is defined as the deviation of the DAC’s 
actual analog output from a straight line drawn between the 
‘endpoints. The AD DAC71 and AD DAC72 feature guaranteed 
maximum linearity error of 0.003% of full scale. 


Differential Linearity Error 

Differential linearity error is the deviation from an ideal 1LSB 
output change when the digital input changes 1LSB. A differential 
linearity error specification of +'’%2LSB means that the output 
changes at least + '4ZLSB and at most + '%2LSB for a 1LSB 
increment in digital input code. 


Monotonicity 

Monotonicity indicates that the output of the DAC in question 
will always increase (or stay the same) for an increasing digital 
input code. Converters generally specify the maximum resolution 
for which monotonicity is guaranteed over a particular temperature 
range. The AD DAC71 and AD DAC72C are guaranteed 
monotonic at 14-bit resolution for 0 to + 50°C, while the AD 
DAC72 is guaranteed 14-bit monotonic from 0 to + 70°C. 
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"Drift 


Gain drift is a measure of the change in full scale output range 


as a function of temperature, expressed in parts per million 


(ppm) per °C. Gain drift is computed by testing the full scale 
range at + 25°C and the endpoints of the applicable temperature 
range. The resulting change is divided by the temperature 
change and converted to ppm/°C. 


Offset drift is a measure of the actual change in output with all 
“1s on the digital inputs as a result of changes in temperature. 
For COB versions, the bipolar offset drift is measured with an 
input code of 011111111111. 


SETTLING TIME | 

Settling time is defined as the total time required for the analog 
output to settle to within a particular error band around its final 
value after a change in the digital input code. In the case of the 
AD DAC71 and AD DAC72, the error band is specified as 
0.003% of full scale. The specification for a 1LSB change is 
measured at the major carry (1000... 00 to 0111... 11) with 
the LSB defined as the 14-bit LSB. 


Current output versions are specified for settling into two 
different resistive loads: 100 to 100 and 10002. 


OUTPUT COMPLIANCE VOLTAGE 

Compliance voltage is the maximum voltage swing allowed on 
the output of the current models while maintaining specified 
accuracy. The AD DAC71 and AD DAC72 are specified for a 
compliance range of 2.5 volts and maximum safe voltage swing 
permitted without damage is 5 volts. 


POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a power 
supply change on the D/A converter output. It is defined as a 
percent of change in either the positive, negative, or logic 
supplies about the nominal power supply voltages. 


REFERENCE SUPPLY 

All AD DAC71 and AD DAC72 models are supplied with an 
internal +6.3V reference voltage supply. This reference voltage 
(pin 24) has a tolerance of 5% and is connected internally for 
specified operation. The zener is selected for a gain drift of 
typically 3ppm/°C and is burned-in for a total of 168 hours for 
guaranteed reliability. This reference may also be used externally 
but the current drain is limited to SmA. An external buffer 
amplifier is recommended if the AD DAC71/72 internal 
reference is used externally in order to provide a constant load 
to the reference supply output. 


ANALOG = ~—_ Low Cost 12-Bit - 
DEVICES IC D/A Converter 


AD DAC80* 


FEATURES AD DAC80 FUNCTIONAL BLOCK DIAGRAM 
_ Low Cost 
Improved Replacement for Standard DAC80 
3 Chip, High Reliability Construction 
Low Power Dissipation 
Laser-Trimmed to High Accuracy:. 
+%LSB Max Nonlinearity, 0 to +70°C 
Guaranteed Monotonicity, 0 to +70°C 
High Stability, High Current Output 
Buried Zener Reference 
On-Board Output Amplifier (V Models) 
24 Lead Side Brazed Ceramic DIP 


24-PIN DIP 3 
PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS a 
The AD DAC80 is a low cost 12-bit digital-to-analog con- 1. The AD DAC80 directly replaces other devices of this type 
verter, consisting of matched bipolar switches, a precision with significant increases in performance. 10 
resistor network, a low-drift high-stability voltage reference 2. 3-Chip IC construction makes the AD DAC80 the opti- 
and an optional output amplifier. Options include TTL com- mum choice for applications where low cost and high 
patible complementary 12-bit binary (CBI) or 3 digit BCD reliability are major considerations. 


(CCD) input codes, as well as current or voltage output modes. 3 
The AD DAC80 offers output voltage ranges of +2.5, +5, +10, 


0 to +5, or O to +10 volts (V models); output current ranges 
(I models) are either timA or 0 to -2mA. 4, The AD DAC80 offers a maximum nonlinearity error of 


+0.012%, +30ppm/* C maximum gain drift, and a total 
accuracy drift in the bipolar configuration of +20ppm/°C 


System performance upgrading is posible without 
redesign. 


Advanced circuit design and precision processing techniques 
result in significant performance advantages over conventional, 


larger, standard DAC80 devices. An innovative 3-chip construc- max unim 

tion improves reliability by a factor of two. The AD DAC80 5. The low T.C. Binary ladder guarantces that all AD DAC80 
incorporates a fully differential, nonsaturating precision cur- units will be monotonic over the specified temperature 
rent switching cell structure which provides greatly increased _ ‘Fange. 

immunity to supply voltage variation. This same structure also 6. Reduced power consumption requirements result in im- 
reduces nonlinearities due to thermal transients as the various proved stability and shorter warm-up time. 


bits are switched; nearly all critical components operate at 7. 
constant power dissipation. High stability, SiCr thin film re- 
sistors are trimmed with a fine resolution laser, resulting in 
lower differential nonlinearity errors. A low noise,, high sta- 
bility subsurface zener diode is used to produce a reference 
voltage with excellent long term stability, high external cur- 
rent capability and temperature cycle characteristics which 
challenge the best discrete zener references. 


_ The AD DAC80 is recommended for all low cost 12-bit D/A 
converter applications where reliability and cost are of para- 
mount importance. The AD DAC80 is also ideal for use in 
constructing A/D conversion systems and as a building block 
for higher resolution D/A systems. 


The precision buried zener reference can. supply up to 
2.5mA for use elsewhere in the application. 


8. Voltage or current output modes are available in either 
of the BCD or binary input formats. 


*Covered by Patent Nos,: 3,978,473; RE28,633; 
4,020,486; 3,747,088; 3,803,590; 3,961,326. 
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SPECIFICATIONS a= #25°C rated powers 
we +25° C, rated power supplies unless otherwise noted) — 
MODEL. .° » DAC80-CBI_ DAC80-CCD 
DIGITAL INPUT | 
Resolution 12 Bits max 3 Digits max 
Logic Levels (TTL/Compatible) ‘ 
Logical “1” (at +14A) +2V dc min, +5.5V dc max : 
Logical ‘‘O” (at -100uA) OV dc min, +0.8V dc max * 
ACCURACY . 
Linearity Error 0 to +70°C +1/4LSB typ, +1/2LSB' max +1/8LSB typ, +1/4LSB max 
Differential Linearity Error 0 to +70°C +1/2LSB typ, +3/4LSB max +1/4LSB typ, +1/2LSB max 
Gain Error” | +0.1% typ, 0.3% max , 
Offset Error? +0.05% FSR typ, #0.15% FSR? max . 
Monotonicity Temp. Range 0 to +70°C * 


DRIFT* (0 to +70°C) 
Total Bipolar Drift (Includes Gain, Offset, 


and Linearity Drifts)® +20ppm FSR/°C max : 
Total Error Over 0 to +70°C® 

Unipolar . +0.08% FSR typ, +0.15% FSR max bs 

Bipolar +0.06% FSR typ, +0.10% FSR max i 
Gain +15ppm/°C typ, t30ppm/°C max * 

Exclusive of Internal Reference +5ppm/°C typ, +7ppm/°C max * 
Unipolar Offset +1ppm FSR/°C typ, +3ppm FSR/°C max - 
Bipolar Offset +5ppm FSR/°C typ, +10ppm FSR/°C max . 


CONVERSION SPEED/V Models 
Settling Time to 0.01% of FSR 
For FSR Change 


with 10kQ Feedback’ Sus typ . 
with 5kQ) Feedback 3us typ * 
For 1 LSB Change ; 1.5us typ * 
Slew Rate 10V/us min, 15V/us typ . 
CONVERSION SPEED/I Models 
Settling Time to +0.01% of FSR 
For FSR Change 
10 to 10022 Load 300ns typ 
1kQ Load lps typ 
ANALOG OUTPUT/V Models 
Ranges’ +2.5V, t5V, +10V, 0 to +5V, 0 to +10V 0 to +10V 
Output Current | +5mA min : 
Output Impedance (de) ‘ 0.0522 typ bd 
Short Circuit Duration Indefinite to Common . 
ANALOG OUTPUT/I Models 
Ranges +1mA, 0 to -2mA typ 0 to -2mA typ 
Output Impedance - Bipolar { = 3.2kQ typ : 
Output Impedance - Unipolar 6.6kQ typ - 
Compliance +10V, -1.5V * 
INTERNAL REFERENCE VOLTAGE +6.3V +2%max oe 
Tempco of Drift . +10ppm/°C typ, +20ppm/°C max tS 
External - Use Current® +2.5mA max ” 
Output Impedance 1.52 ¢ * 
POWET SUPELY SENSITIVITY ; 
+15V Supply +0.002% FSR/% Vs ‘ 
-15V and +5V Supplies +0.002% FSR/% Vs is 
POWER SUPPLY REQUIREMENTS 
DAC80 +14V dc, +4.75V dc min * 
+15V dc, +5V dctyp : 
+16V dc, +16V dc max . 
DAC80Z’ : +11.4V dc, +4.75V dc min . 
+12V dc, +5V dcetyp id 
+16V dc, +16V dc max 7 
Supply Drain 
+15/+12V (Including 5mA Load) 10mA typ, 20mA max bi 
-15/-12V (Including 5mA Load) -20mA typ, -35mA max . . 
+5V (Logic Supply) 8mA typ, 20mA max 
TEMPERATURE RANGE | 
Specification 0 to +70°C max = 
Operating -25°C to +85°C max Z 
Storage -55°C to +100°C | 
Sa a a RN EN a ey RIO TE SS SS ee PE ee ee 
NOTES 


‘Least Significant Bit (LSB). 
? Adjustable to zero with external trim potentiometer. 
3 FSR means “Full Scale Range” and is 20V for t10V range, 10V for +5V range, etc. 
“To maintain drift spec internal feedback resistors must be used for current output models. 
5 See discussion on Performance Over Temperature. 
6 With gain and offset errors adjusted to zero at +25°C. 
™DAC8OZ supply range is +12.0V min to +16.0V max for +5V and 0 to +5V outputs. 
® Maximum with no degradation of specifications with constant load. 
Specifications subject to change without notice. 
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Applying the AD DACBO_ 


REF ks aoe 5 
CONTROL I 
l CONTROL 
12-BIT 
RESISTOR 
12-BIT 
RESISTOR 


Figure 1. External Adjustment and Voltage Supply Figure 2. External Adjustment and Voltage Supply — 
Connection Diagram, Current Model Connection Diagram, Voltage Model 
NOTES: 


1, 3kQ for CCD models, 5k for CBI models. 

2. If connected to +Vs which is permissible, power dissipation 
increases 200mW. 

3. CBI model, 2k2; CCD model, 02 and pin 20 has no 
internal connection. 


PIN CONFIGURATION 
24 LEAD DUAL IN-LINE PACKAGE 


I Models Pin # V Models I Models Pin # V Models 
(MSB) Bit 1 1 _ Bit 1(MSB) Logic Supply 13 Logic Supply 
Bit 2 2 ~=—-Bit 2 -Vs 14 -Vs 
Bit 3 3 Bit 3 lout 15 Vout 
Bit 4 4 Bit 4 Ref Input 16 Ref Input 
Bit 5 5 Bit 5 Bipolar Offset 17 Bipolar Offset 
Bit 6 6 Bit 6 Scaling Network 18 10V Range 
Bit 7 7 Bit 7 Scaling Network 19 20V Range 
Bit 8 8 Bit 8 Scaling Network 20 Summing Junction 
Bit 9 9 Bit 9 Common 21 Common 
Bitl0 10 Bit 10 +Vs 22 = 4V¢ 
Bitl1 11 Bit 11 Gain Adjust 23 Gain Adjust 
(LSB) Bit12 12 Bit 12 (LSB) 6.3VREF Out 24 = 6.3 VrEF Out 


AD DAC80 ORDERING GUIDE 
PACKAGE 


MODEL INPUT CODE OUTPUT MODE SUPPLY RANGE OPTION’ 
AD DAC80-CBI-V Binary Voltage Normal HY24A 
AD DAC80-CBI-I Binary Current Normal HY24A 
AD DAC80-CCD-V Binary Coded Decimal Voltage Normal HY24A 
AD DAC80-CCD-I Binary Coded Decimal Current Normal HY24A 
AD DAC80Z-CBI-V __ Binary Voltage Extended HY24A 
AD DAC80Z-CBI-I Binary Current Extended HY24A 
AD DAC80Z-CCD-V _ Binary Coded Decimal Voltage Extended HY24A 


AD DAC80Z-CCD-I Binary Coded Decimal Current Extended HY24A 


1 See Section 20 for package outline information. 
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DIGITAL.INPUT CODES 

The AD:‘DAC80 accepts complementary aoe input éodes 
in either binary (CBI) or decimal (CCD) format. The CBI 
model may be connected by the user for any one of three 
complementary codes: CSB, COB or CTC. 


DIGITAL INPUT ANALOG OUTPUT 


CSB Compl. COB Compl. 
Straight Binary Offset Binary 


CTC* Compl. 
Two's Compl. 


MSB LSB 


-LSB 
-Full Scale 
+Full Scale 
Zero 


000000000000 
011111111111 
100000000000 
111211111111 


' +Full Scale +Full Scale 
+% Full Scale Zero 
Mid-scale -1LSB -1 LSB 

Zero -Full Scale 


CBI Models 


2 CcD 

vy 

3 | MSB LSB Complementary Coded Decimal - 3 Digits 
BS 011001100110 +Full Scale 

8 1111121111111 Zero 


*Invert the MSB of the COB code with an external inverter to obtain CTC code. 


Table |. Digital Input Codes 


ACCURACY 

Accuracy error of a D/A converter is the difference between 
the analog output that is expected when a given digital code is 
applied and the output that is actually measured with that 
code applied to the converter. Accuracy error can be caused 
by gain error, zero error, linearity error, or any combination 
of the three. Of these three specifications, the linearity error 
specification is the most important since it can not be cor- 
rected for. The linearity error of the AD DAC80 is specified 
over its entire temperature range. This means that the analog 
output will not vary by more than +1/2LSB, maximum, from 
an ideal straight line drawn between the end points (inputs all 
“1's and all ‘‘O’’s) over the specified temperature range of 

0 to +70°C. 


. Differential linearity error of a D/A converter is the devi- 

ation from an ideal 1LSB voltage change from one adjacent 
output state to the next. A differential linearity error speci- 
fication of +1/2LSB means that the output voltage step sizes 
can range from 1/2LSB to 3/2LSB when the input changes 
from one adjacent input state to the next. Monotonicity over 
the 0 to +70°C range is guaranteed in the AD DAC80 to ensure 
that the analog output will not decrease with increasing input 
digital codes. 


DRIFT 

Gain Drift is a measure of the change in the full scale range 

output over temperature expressed in parts per million per 
°C (ppm/°C), Gain drift is established by: 1) testing the end 

point differences for each AD DAC80 model at 0°C;+25°C 

and +70°C; 2) calculating the gain error with respect to the 

_ +25°C value and; 3) dividing by the temperature change. 


Offset Drift is a measure of the actual change in output with 
all ‘‘1’’s on the input over the specified temperature range. The 
offset is measured at 0°C, +25°C and +70°C. The maximum 
change in offset is referenced to the offset at 25°C and is 
divided by the temperature range. This drift is expressed in 
parts per million of full scale range per “C (ppm of F SR/°C). 
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SETTLING TIME 

Settling time for each AD DAC80 model is the ae time (in- 
cluding slew time) required for the output to settle within an 
error band around its final value after a change in input (see 
Figure 3), 


Voltage Output Models. Three settling times are specified to 
+0.01% of full scale range (FSR); two for maximum full scale 
range changes of 20V, 10V and one for a 1LSB change. The 
1LSB change is measured at the major carry (0111... 11 to 
1000... 00), the point at which the worst case settling time 
occurs. 


Current Output Models. Two settling times are specified to 
+0.01% of FSR. Each is given for current models connected 
with two different resistive loads: 10 to 100 ohms and 1000 
to 1875 ohms. Internal resistors are provided for connecting 
nominal load resistance of approximately 1000 to 1800 ohms 
for output voltage range of t1V and 0 to -2V (see Table IV). 


|! MODELS 


0.3 


\y reer FEEDBACK 


ACCURACY 
PERCENT OF FULL SCALE RANGE — % 


100 


SETTLING TIME — us 


Figure 3. Full Scale Range Settling Time vs. Accuracy 


COMPLIANCE 


_ Compliance voltage is the maximum voltage swing allowed on 


the current output node in order to maintain specified 
accuracy. 


POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a power 
supply change on the D/A converter output. It is defined as a 
per cent of FSR per per cent of change in either the positive, 
negative, or logic supplies about the nominal power supply 
voltages. 


REFERENCE SUPPLY 

All AD DAC80 models are supplied with an internal 6.3 volt 
reference voltage supply. This voltage (pin 24) is accurate to 
+2% and must be connected to the Reference Input (pin 16) 
for specified operation. This reference may also be used ex- 
ternally with external current drain limited to 2.5mA. An 
external buffer amplifier is recommended if this reference is 
to be used to drive other system components. Otherwise, vari- 
ations in the load driven off of the reference will result in gain 
variations of the AD DAC80. All gain adjustments should be 
made under constant load conditions. . 


ANALYZING DEVICE ACCURACY OVER THE 
TEMPERATURE RANGE 

For the purposes of temperature drift analysis, the major de- 
vice components are shown in Figure 4. The reference element 
and buffer amplifier drifts are combined to give the total refer- 
ence temperature coefficient, which is specified as +20ppm/°C 
max. The input reference current to the DAC, Irgr, is devel- 
oped from the internal reference and will show the same drift 
rate as the reference voltage. The DAC output current, Ipac, 
which is a function of the digital input code, is designed to 
track IRgF; if there is a slight mismatch in these currents over 
temperature, it will contribute to the gain T.C. The bipolar 
offset resistor, Rgp, and gain setting resistor, RAIN, also have 
temperature coefficients which contribute to system drift er- 
rors. The input offset voltage drift of the output amplifier, 
OA, also contributes a small error. 


There are three types of drift errors over temperature: offset, 
gain, and linearity. Offset drift causes a vertical translation of the 
entire transfer curve; gain drift is a change in the slope of the 
curve; and linearity drift represents a change in the shape of 
the curve. The combination of these three drifts results in the 
complete specification for total error over temperature. 


Total error is defined as the deviation from a true straight line 
transfer characteristic from exactly zero at a digital input 
which calls for zero output to a point which is defined as full 
scale. A specification for total error over temperature assumes 
that both the zero and full scale points have been trimmed for 
zero error at +25°C. Total error is normally expressed a per- 
centage of the full scale range. In the bipolar situation, this 
means the total range from -Vgs to +Vgs. : 


Several new design concepts not previously used in DAC80- 
type devices contribute to a reduction in all the error factors 
over temperature. The incorporation of low temperature coef- 
ficient silicon-chromium thin-film resistors deposited on a sin- 
gle chip, a patented, fully differential, emitter weighted, preci- 
sion current steering cell structure, and a T.C. trimmed buried 


zener diode reference element results in superior wide tempera- 


ture range performance. The full scale gain settling resistors 
_and bipolar offset resistor are also fabricated on the chip with 
the same SiCr material as the ladder network, resulting in low 
gain and offset drift. 


+15V 


Figure 4. Bipolar Configuration 


Performance Over Temperature 


MONOTONICITY AND LINEARITY 

The initial linearity error of +1/2LSB max and the differential 
linearity error of +3/4LSB max guarantee monotonic perform- 
ance over the range of 0 to +70 °C. It can therefore be assumed 
that linearity errors are insignificant in computation of total 
temperature errors. _ 


UNIPOLAR ERRORS 


» Temperature error analysis in the unipolar mode is straight- 


forward: there is an offset drift and a gain drift. The offset 
drift of 3ppm/°C max (which comes from leakage currents and 
drift in the output amplifier (OA)) causes a linear shift in the 
transfer curve as shown in Figure 5. The gain drift causes a 
change in the slope of the curve and results from reference 
drift, DAC drift, and drift in Rain relative to the DAC resis- 
tors for a total of 30ppm/°C max. Total absolute error due to 
all of these effects is guaranteed to be less than +0.15% of full 
scale from 0 to +70°C. 


BIPOLAR RANGE ERRORS 


The analysis is slightly more complex in the bipolar mode. In 


this mode Rgp is connected to the summing node of the out- 
put amplifier (see Figure 5) to generate a current which, 
exactly balances the current of the MSB so that the output 
voltage is zero with only the MSB on. 


Note that if the DAC and application resistors track perfectly, 
the bipolar offset drift will be zero even if the reference drifts. 
A change in the reference voltage, which causes a shift in the 
bipolar offset, will also cause an equivalent change in IREF and 
thus Ipac, so that Ipac will always be exactly balanced by 
Ipp with the MSB turned on. This effect is shown in Figure 5. 
The net effect of the reference drift then is simply to cause a 
rotation in the transfer around bipolar zero. However, con- 
sideration of second order effects (which are often overlooked) 
reveals the errors in the bipolar mode. The unipolar offset 
drifts discussed before will have the same effect on the bipolar 
offset. A mismatch of Rgp to the DAC resistors is usually the 
largest component of bipolar drift, but in the AD DAC80 this 
error is held to 10ppm/°C max. Gain drift in the DAC also 
contributes to bipolar offset drift, as well as full scale drift, but 
again is held to 7ppm/°C max. The total of all these errors is 
held to +0.1% of full scale from 0 to +70°C. Note that, in the 
bipolar ranges, full scale is defined as the total range from > 
-VgRs to +Vgs. 


—==— GAIN SHIFT 


IDEAL 


OUTPUT —a 


OFFSET (ZERO) SHIFT 


UNIPOLAR = 'NPUT — 


—— GAIN SHIFT 


OUTPUT —> 


OFFSET SHIFT 
BIPOLAR (IDEAL CASE) 


Figure 5. Unipolar and Bipolar Drifts 
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Using the AD DAC80 


+12 VOLT SUPPLY OPERATION 


The Z models will operate with supply voltages as low as 
£11.4V. It is recommended that output voltage ranges -10V 
to +10V and OV to +10V not be used with the Z model if 

the supply voltages are ever less than the recommended +12V. 
The output amplifier may saturate if | Vgypppy |!- | Vout 
max |< 2.0V. This applies to units with both CBI and CCD 
input codes. Except for operation at lower supply voltages, 
the AD DAC80Z and AD DAC80 operation is identical. - 


POWER SUPPLY CONNECTIONS 

For optimum performance power supply decoupling capacitors 
should be added as shown in the connection diagrams (Figures 
1 and 2). These capacitors (1uF electrolytic recommended) 
should be located close to the AD DAC80. Electrolytic capa- 
capacitors, if used, should be paralleled with 0.01yF ceramic 
capacitors for optimum high frequency performance. 


EXTERNAL OFFSET AND GAIN ADJ USTMENT 

Offset and gain may be trimmed by installing external OFF- 
SET and GAIN potentiometers. These potentiometers should 
be connected as shown in the block diagrams and adjusted as 
described below. TCR of the potentiometers should be 
(100ppm/°C or less. The 3.9MQ and 10MQ resistors (20% 
carbon or better) should be located close to the AD DAC 80 


10MQ — 2702 270k2 
7.8k2Q 

3.9M2 pe 180k2 180kQ 
10k2 


Figure 6. Equivalent Resistances 
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+FULL SCALE 
1LSB 
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GAIN ADJ 


GAIN ADJ 


— FULL SCALE RANGE 


ROTATES 
THE LINE 
RANGE OF 
OFFSET ADJ 
ALL BITS=0 


ALL BITS=1 
OFFSET ADJ 
TRANSLATES 

THE LINE 


Figure 7. Relationship of OFFSET and GAIN 
Adjustments for a UNIPOLAR D/A Converter 
(Input, Horizontal; Output, Vertical) 
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to prevent noise pick-up. If it is not convenient to use 

these high-value resistors, a functionally equivalent ‘‘T” 
network, as shown in Figure 6 may be substituted in each case. 
The gain adjust (pin 23) is a high impedance point and a 
0.01uF ceramic capacitor should be connected from this pin 
to common to prevent noise pick-up. Figures 7 and 8 show the 
relationship of the OFFSET and GAIN adjustments to the uni- 
polar and bipolar D/A converters. 


Offset Adjustment. For unipolar (CSB, CCD) configurations, 
apply the digital input code that should produce zero poten- 
tial output and adjust the OFFSET potentiometer for zero 
output. For bipolar (COD, CTC) configurations, apply the 
digital input code that should produce the maximum negative 
output voltage. Example: If the FULL SCALE RANGE is 
connected for 20 volts, the maximum negative output volt- 
age is -10V. See Table II for corresponding codes and the 
block diagrams for offset adjustment connections. 


Gain Adjustment. For either unipolar or bipolar config- 
urations, apply the digital input that should give the maximum 
positive voltage output. Adjust the GAIN potentiometer for 
this positive full scale voltage. See Table II for positive full 
scale voltages and the block diagrams for gain adjustment 


connections. 
| RANGE OF 


GAIN ADJ 
GAIN ADJ 
ROTATES 
THE LINE 
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1LSB 


All BITS=1 f+-+-$ 


OFFSET ADJ I -FULL SCALE 


TRANSLATES 
THE LINE 


f+H+tH 1 ALL BITS=0 


RANGE OF 


OFFSET ADJ 


{ 


Figure 8. Relationship of OFFSET and GAIN 
Adjustments for a BIPOLAR D/A CONVERTER 
(Input, Horizontal; Output, Vertical) 


DIGITAL INPUT ANALOG OUTPUT 


12 Bit Resolution VOLTAGE®* CURRENT 


mse tse | oo tov 


< 

3 

= 000000000000 +9.9976V +9.9951V -1.9995mMA -0.9995mMA 

7 ObLILI111111 +5.0000V 0.0000V -1.0000mA 0.0000mA 

v 100000000000 +4.9976V -0.0049V -0.9995mA +0.0005mA 
VPLVDIV1IIa 0.0000V -10.0000V’ 0.0000mA 0.488uV 
1LSB 2.44mV 4.88mV 0.488mA +1.000mA 


3 Digital Resolution 


MSB LSB 


011001100110 
011001101111 
0110 121121 1111 
Pri d))2 1901 
1LSB 


-1,.249mA 
-1.238mA 
-1.125mMA 
0.000mA 

1.25pA 


*To obtain values for other binary (CBI) ranges: 0 to +5V range: divide 0 to + 1OV range values by 2; 


N/A 
N/A 
N/A 


CCD Models 


£5V range: divide t 10V range values by 2; 22.5V range; divide t10V range values by 4. 
**Normal full scale range with correct codes; output can go higher if illegal codes are applied. 


Table //. Digital Input/Analog Output 


VOLTAGE OUPUT MODELS | TO REF CONTROL Gacoir 


Internal scaling resistors provided in the DAC80 may be con- 6.3k2 o 
17 


nected to produce bipolar output voltage ranges of +10, +5 ieee 


or +2.5V or unipolar output voltage ranges of 0 to +5 or 0 to 
+10V (see Figure 9). 


\ REF 
INPUT 


Ee *BIPOLAR 
TO REF 17] OFFSET 
CONTROL CIRCUIT a) AD DAC80-CBI-I 
COM 
SUMMING 


JUNCTION 


3kQ 


5kQ 


5kQ (CBI) 


FROM WEIGHTED 
RESISTOR 
NETWORK 


3k. (CCD) OUTPUT 


*PIN 17 NOT CONNECTED FOR CCD 
= MODELS. 


Figure 9, Output Amplifier Voltage Range b) AD DAC80-CCD-! 


Scaling Circuit 


Gain and offset drift are minimized in the DAC80 because 

of the thermal tracking of the scaling resistors with other 
device components. Connections for various output voltage 
ranges are shown in Table III. Settling time is specified for a 
full scale range change: 5-microseconds for 8k&2 or 10kQ feed- 
back resistors; 3 microseconds for a 5k92 feedback resistor. 


Connect 
Pin 17 to 


Digital Connect 


Input Codes 


Pin 16 to 


34 TCR of Ry, (or Rf) to the total drift. 


Pin 19 to 


+10V COB or CTC 


t5V COB or CTC 24 
+2.5V COB or CTC 24 
0 to +10V CSB 24 
Oto +5V CSB 24 BIPOLAR OFFSET 
0 to +10V CCD 24 


REFERENCE INPUT 


Figure 10, Internal Scaling Resistors 


Internal resistors are provided to scale an external op amp or 
to configure a resistive load to offer two output voltage ranges 
of +1V or 0 to -2V. These resistors (Ry ;) are an integral part 
of the AD DAC80 and maintain gain and bipolar offset drift 
specifications. If the internal resistors are not used, external 
Ry, (or Rp) resistors should have a TCR of +2 Sppm/" C or less 
Sogeaiate meat rie to minimize drift. This will typically add +50ppm/°C + the 


Table I/!, Output Voltage Range Connections- 18} lout 


| : 
The equivalent resistive scaling network and output circuit of ZEICOMMOn 


Voltage Model AD DAC8&0 


the current model are shown in Figures 10 and 11. External 
Rys or Ryp resistors are required to produce exactly 0 to 
-2V or AN output. TCR of these resistors should be 
+100ppm/°C or less to maintain the AD DAC80 output 


24| REFERENCE OUT 


specifications. If exact output ranges are not required, the Figure 11. AD DAC80 Current Model CauiaRit 
external resistors are not needed. Output ikea 
R,1 Connections Reference Bipolar Offset 
Internal 1% Metal Film 
Digital Output Resistance External an Connect Connect Connect Connect Connect 
Input Codes Range Rit Ris Pin 15 to Pin 18 to Pin20to | Pin 16to | Pin 17 to Rip 
Between 
CSB 0 to -2V 0.968kQ | 2102 N/A 19& Ris Com (21) | Pin 18 & N/A 
Com (21) 
Between 
CCD 0 to -2V 3kQ N/A 3.57kQ N.C. Com (21) N.C. 24 N.C. N/A . Pin 15 & 
21 
Between 
COBorCTC | +1V 1.2kQ 2492 N/A 18 19 Ris 24 15 Pin 20 & N/A 
Com (21) 


Table |V. Current Model/Resistive Load Connections 


DIGITAL-TO-ANALOG CONVER TERS 


VOL. 1, 10-221 


vy : 
~ x 


#DRIVING A RESISTIVE LOAD UNIPOLAR» 
A load resistance, Ry, = Ry + Rpg, connected as shown in > 


Figure 12 will generate a voltage range, Voyr, determined by: 


6.6k x >) 
6.6k + Ry 


Where Ry, max = 1.54kQ2 


VOUT =-2mA 


and Vout max = -2.5V 


To achieve specified drift, connect the internal scaling resistor 


- (Rz}) as shown in Table IV to an external metal film trim re- 


sistor (Ry_s) to provide full scale output voltage range of 0 to 
-2V. With Rys = 0, Vout = -1.69V. 


CURRENT CONTROLLED 
BY DIGITAL INPUT 


Figure 12 Equivalent Circuit AD DAC80-CBI-I 
Connected for Unipolar Voltage Output with 
Resistive Load © 


CCD Input Code: Connect the internal scaling resistors as 
shown in Table V and add an external metal film resistor 
(Ryp) in parallel as shown in Figure 13 to obtain a 0 to -2 
volt full scale output voltage range for CCD input codes. 


Ry X Rip 


With Ry, = Ruit+Rtp’ 


Vout = -1.25mA ( ones <L ) 


6.9k + Ry, | 
If Rip = ©, Vout = -3.62V 


CURRENT CONTROLLED 21] COMMON 


BY DIGITAL INPUT 


Figure 13. AD DAC80-CCD-! Connected for 
Voltage Output with Resistive Load 


DRIVING A RESISTOR LOAD BIPOLAR 


The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 14, Ry, = Ry; + Rys. Vour is 


determined by: 
Ry x 3.22k 
=+ i 
muse G + 3.22k ) 


Where R,, max = 11.18kQ 
VouT max = +2.5V 


To achieve specified drift, connect the internal scaling resistors 
(Ry) as shown in Table IV for the COB or CTC codes and add 
an external metal film resistor (R,.s) in series to obtain a full 
scale output range of +1V. In this configuration, with Ris 
equal to zero, the full scale range will be +0.874V. 


DRIVING AN EXTERNAL OP AMP 


The current model AD DAC80 will drive the summing junction 


of an op amp used as a current to voltage converter to produce 
an output voltage. As seen in Figure 15. 


VouT.= lout x Rr 
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CURRENT CONTROLLED. 
BY DIGITAL INPUT 


Figure 14. AD DAC80-CBI-I Connected for Bipolar 
Output Voltage with Resistive Load 


where IguT is the AD DAC80 output current and Rr is the 
feedback resistor. Using the internal feedback resistors of the 
current model AD DAC80 provides output voltage ranges the 
same as the voltage model AD DAC80. To obtain the desired 
output voltage range when connecting an external op amp, 
refer to Table V and Figure 15. 


Output Digital Connect Connect Connect Connect 
Range Input Codes Ato Pin17to Pin 19to Pin 16 to 
+10V COB or CTC 19 15 A 24 
t5V COB or CTC 18 15 N.C. 24 
+2.5V COB or CTC 18 15 15 24 
0 to +10V CSB 18 21 N.C. 24 
Oto +5V CSB 18 21 15 24 
0 to +10V CCD 19 N.C. A 24 


Table V. Voltage Range of Current Output AD DAC80O 


20V RANGE (CBI) 
10V RANGE (CCD) 


5kN CBI; 3kQ CCD 


*FOR FAST SETTLING TIMES 


Figure 15. External Op Amp — Using Internal 
Feedback Resistors 


OUTPUT LARGER THAN 20V RANGE 

For output voltage ranges larger than +10 volts, a high voltage 
op amp may be employed with an external feedback resistor. 
Use Igut values of +1mA for bipolar voltage ranges and -2mA 
for unipolar voltage ranges (see Figure 16). Use protection 
diodes when a high voltage op amp is used. 


The feedback resistor, Rr, should have a temperature coef- 
ficient as low as possible. Using an external feedback resistor, 


overall drift of the circuit increases due to the lack of temper- 


ature tracking between Rx and the internal scaling resistor 


network. This will typically add 50ppm/°C+ Rx drift to 
total drift. 


*FOR OUTPUT VOLTAGE SWINGS UP TO 140V p-p. 


Figure 16. External Op Amp — Using 
External Feedback Resistors 


[ANALOG _—__saXdighh aradadiel 12-Bit 
DEVICES IC D/A Converter 
AD DAC85* 


FEATURES AD DAC85 FUNCTIONAL BLOCK DIAGRAM 
Improved Replacement for Standard DAC85 
3 Chip, High Reliability Construction 
Low Power Dissipation 
Laser-Trimmed to High Accuracy: 
+3/4LSB Max Nonlinearity, -55°C to +125°C 
(AD DAC85 MIL) 
High Stability, High Current Output 
Buried Zener Reference 
On-Board Output Amplifier (V Models) 
24 Lead Side Brazed Ceramic DIP 


24-PIN DIP 
PRODUCT DESCRIPTION ‘PRODUCT HIGHLIGHTS — 
The AD DAC85 is a high performance 12-bit digital-to-analog 1. The AD DAC85 directly replaces other devices of this type 
converter, consisting of matched bipolar switches, a precision with significant increases in performance. 10° 
resistor network, a low-drift high-stability voltage reference and 2, 3-Chip IC construction makes the AD DAC85 the opti- 
and an optional output amplifier. Options include TTL com- mum choice for applications where performance and 
patible complementary 12-bit binary (CBI) or 3 digit BCD - reliability are major considerations. 
(CCD) input codes, as well as current or voltage output modes. 3. System performance upgrading is possible without redesign. 


The AD DAC85 offers output voltage ranges of +2.5, +5, $10, 
0 to +5, or 0 to +10 volts (V models); output current ranges 
(1 models) are either +1mA or 0 to =2mA. 


4. The AD DAC85 offers a maximum nonlinearity error of 
+0.012%, +20ppm/°C maximum gain drift, and a total 
accuracy drift in the bipolar configuration of +10ppm/°C 


Advanced circuit design and precision processing techniques maximum. 

result in significant performance advantages over conventional, 5. The low T.C. Binary ladder guarantees that all AD DAC85 
larger, standard DAC85 devices. An innovative 3-chip construc- units will be monotonic over the specified temperature 
tion improves reliability by a factor of five! The AD DAC85 range. 
incorporates a fully differential, non-saturating precision cur- 6. Reduced power consumption requirements result in im- 


rent switching cell structure which provides greatly increased 
immunity to supply voltage variation. This same structure also 
reduces nonlinearities due to thermal transients as the varioug 
bits are switched; nearly all critical components operate at 
constant power dissipation. High stability, SiCr thin film re- 
sistors are trimmed with a fine resolution laser, resulting in the BCD or binary input formats. 
low differential nonlinearity errors. A low noise, high sta- 

bility subsurface zener diode is used to produce a reference 

voltage with excellent long term stability, high external cur- 

rent capability and temperature cycle characteristics which 

challenge the best discrete zener references. 


The AD DAC85 is recommended for all 12-bit D/A converter 
applications where reliability and performance over tempera- 
ture are of paramount importance. 


proved stability and shorter warm-up time. 


7. The precision buried zener reference can supply up to 
2.5mA for use elsewhere in the application. 


8. Voltage or current output modes are available in either of 


*Covered by Patent Nos. 3,978,473; RE 28,633;4, 020 ,486; 3,747,088; 
3,803,590; 3,961,326. 


1 For details of calculations see Application Note, “AD DAC85 
Reliability Predictions’. 
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| SPECIFICATIONS led @ 25° °C unless otherwise cee 


MODEL . AD DAC85C ADDAC85C ADDAC85 ADDAC85 ADDAC85LD AD DACS85MIL UNITS — 
) CBI CCD CBI CCD cB CBI 
DIGITAL INPUT 
Resolution 12 12 12 12 Bits 
3 3 Digits 
Logic Levels (TTL Compatible) 
Logic ‘‘1” (at +1uA) +2V de min, +5.5V de max . : s . i Vv 
Logic “0” (at -100uA) OV dc min, +0.8V dc max = a : * ‘s Vv 
TRANSFER CHARACTERISTICS 
ACCURACY 
Linearity Error @ 25°C (max) +1/2 +1/4 +1/2 +1/4 +1/2 +1/2 LSB 
0 to +70°C (max) +1/2 +1/2 LSB 
-25°C to +85°C (max) +1/2 +1/2 +1/2 +1/2 LSB 
-55°C to +125°C (max) +3/4 LSB 
Differential Linearity Error +1/2 bd - ‘ 3 4 LSB 
Gain Error! +0.1 * * * ig , - % 
Offset Error! £0.05 < . * ss ss . % of FSR? 
Minimum Temperature Range for 
Guaranteed Monotonicity 0 to +70 0 to +70 -25t0 +85 = -25to +85. -25 10 +85. -55 to +125. PC 
DRIFT? 
Gain 0 to +70°C (max) +20 +20 +20 +20 +10— +20 ppm/°C 
-25°C to +85°C (max) ~ ~ +20 +20 +10 +20 ppm/°C 
-55°C to +125°C (max) - - a ~ - +20 ppm/°C 
Offset 
Unipolar 0 to +70°C +1 +1 ppm of FSR/°C 
-25°C to +85°C +] +] +] ca ppm of FSR/°C 
-55°C to +125°C : +2 ppm of FSR/°C 
Bipolar 0 to +70°C (max) +10 ppm of FSR/°C 
-25°C to +85°C (max) +10 +5 +10 ppm of FSR/°C 
-55°C to +125°C (max) +10 ppm of FSR/°C 


CONVERSION SPEED 
Voltage,Models 
Settling Time to +0.01% of FSR 
for FSR change 


with 10kQ Feedback 5 . = 2 7. sd us 
with 5kQ Feedback 3 ss . - * si Us 
for 1LSB change 15 * ia : . ‘ us 
Slew Rate 20 * * * * id V/s 


Current Models 
Settling Time to +0.01% of FSR 
for FSR change 10 to 1002 load 300 . - . : ns 
1kQ load 1 * ‘ 7 * - us 


ANALOG OUTPUT 


Voltage Models Ranges — CBI Units +2.5, +5, +10, +5, +10 id * ; , * bi Vv 
CCD Units +10 . : . * Vv 
Output Current (min) +5 * * * * * ia 
Output Impedance (dc) 0.05 - . * : Q 
Current Models 
Ranges +1, -2 as bs * - * mA 
Output Impedance - Binelis 32 : * : 5 kQ 
Unipolar 6.65 i . Z , us kQ 
Compliance -2.5, +10.5 i * * \ * bd Vv 
Internal Reference Voltage (V,) 6.3 . * * id ig Vv 
Output Impedance 1.5 i ig ‘s - - Q 
Max. External Current’ 2.5 - : * * i mA 
Max Reference Error #2 . 3 ij . = % 
Tempco of Drift +10 typ, +20 max 7 a: ag - ‘ ppm of V,/°C 
POWER SUPPLY SENSITIVITY 
+15V Supply . +0.002 si = * . * % of FSR/% Vs 
~15 and +5V Supplies +0.002 w * : * - % of FSR/% Vs 
POWER SUPPLY REQUIREMENTS 
Rated Voltage +15 and +5 oe zs a . * Vv 
Range +14.5to+15.5 and +4.50to+15.5  * as Me 7 . Vv 
Supply Drain 
+15V (including 5mA load) 15 typ, 20 max * bg * * . mA 
+5V 15 typ, 20 max Bs ig ? = * mA 
-15V 25 typ, 30 max e * 54 bi 54 mA 
TEMPERATURE RANGE . 
Specification 0 to +70 -25to +85 -25to+85 -25to +85 -55to+125 °C 
Operating -25 to +85 7 -55to+125 -55to+125 -55to +125 -55to+125 °C 
Storage -55 to +125 : : : | : °C : 
NOTES 


*Specifications same as AD DAC85C CBI. 

‘ Adjustable to zero with external trim potentiometer. 

7 FSR means ‘‘full scale range’’ and is 20V for +10V range, 10V for +5V range, etc. 

°To maintain drift spec internal feedback resistors must be used for current output models; 
the buried zener reference drift is a nonlinear function of temperature: all devices are 
tested to insure that actual drift at any temperature within the specified operating 
range is less than guaranteed maximum. 

‘With no degradation of specifications under constant load. 


Specifications subject to change without notice. 
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MIL-STD 883B 


MIL-STD-883B 


The rigors of the military/aerospace environment (temperature The quality assurance section details the test procedures of 
extremes, humidity, mechanical stress, etc.), demand the utmost MIL-STD-883. All AD DAC85 models with 883B suffix have 
in electronic circuits. The AD DAC85 with the inherent relia- been processed in accordance with these tests on a 100% basis; 
bility of integrated circuit construction, was designed with AD DACS85 MIL-CBI-V-883B is an example of 883 Level B 
these applications in mind. To further insure reliability, the designation. 


AD DAC85 is offered with 100% screening to MIL-STD-883, 
method 5008. 


AD DAC85 ORDERING GUIDE. 


INPUT OUTPUT TEMPERATURE | 
MODEL CODE MODE RANGE PACKAGE OPTION’ 
AD DAC85C-CBI-V Binary Voltage 0°C to +70°C HY24A 
AD DAC85C-CBI-I Binary Current 0°C to +70°C HY 24A 
AD DAC85-CBI-V Binary Voltage  — -25° C to +8 5° C HY24A 
AD DAC85-CBI-I Binary Current -25°C to +85°C HY24A 
AD DAC85LD-CBI-V __ Binary Voltage -25°C to +85°C HY24A 
AD DAC85LD-CBI-I_ _ Binary Current -25°C to +85°C HY 24A 
AD DAC85MIL-CBI-V __ Binary Voltage = -55°C to +125°C HY24A 
AD DAC85MIL-CBI-I__ Binary Current -55°C to +125°C HY 24A 
AD DAC85C-CCD-V Binary Coded Decimal _ Voltage 0°C to +70°C HY24A 
AD DAC85C-CCD-I Binary Coded Decimal Current 0°C to +70°C HY24A 
AD DAC85-CCD-V Binary Coded Decimal _ Voltage -25°C to +85°C HY24A 
AD DAC85-CCD-I Binary Coded Decimal Current -25°C to +85°C HY24A 


'' See Section 20 for package outline information. 
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REF 
CONTROL 


CIRCUIT 


Figure 1. External Adjustment and Voltage Supply 
Connection Diagram, Current Model 


NOTES: 


Figure 2, External Adjustment and Voltage Supply 
Connection Diagram, Voltage Model 


1. 3k for CCD models. 5k2 for CBI models. 
2. If connected to +Vs which is permissible, power dissipation 


increases 200mW. 


3. CBI model, 2k2; CCD model, 02 and pin 20 has no 


internal connection. 


PIN CONFIGURATION 
24 LEAD DUAL IN-LINE PACKAGE 


I Models 


(MSB) Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 
Bit 8 
Bit 9 
Bit 10 
Bit 11 

(LSB) Bit 12 


I Models 


l.ogic Supply 
-Vs 

louT 

Ref Input 
Bipolar Offset 
Scaling Network 
Scaling Network 
Scaling Network 
Common 

+Vo 

Gain Adjust 
6.3VREF Out 
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ons AWN PW DH = 


9 
10 
11 
12 


Pin # 


13 
14 
15 
16 
17 
18 
19 


~ 20 


21 
22 
23 
24 


Pin # V Models 


Bit 1(MSB) 
Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

Bit 8 

Bit 9 

Bit 10 

Bit 11 

Bit 12 (LSB) 


V Models 


Logic Supply 
-Vs 

Vout 

Ref Input 
Bipolar Offset 
10V Range 
20V Range 
Summing Junction 
Common 

+Vs5 

Gain Adjust 
6.3VREF Out 


Applying the AD DAC8S 


DIGITAL INPUT CODES 

The AD DAC85 accepts complementary digital input codes 
in either binary (CBI) or decimal (CCD) format. The CBI 
model may be connected by the user for any one of three 
complementary codes: CSB, COB or CTC. 


DIGITAL INPUT ANALOG OUTPUT 


CSB Compl. COB Compl. CTC* Compl. 

2 MSB LSB Straight Binary Offset Binary Two's Compl. 

a) 

8 

= 000000000000 +Full Scale +Full Scale -LSB 

8 011111111111 +% Full Scale Zero ~Full Scale 
100000000000 Mid-scale -1LSB -1 LSB +Full Scale 
111111111111 Zero ; ~Full Scale Zero 

< CccD 

~ 3 | MSB LSB Complementary Coded Decimal - 3 Digits 
a 011001100110 +Full Scale 
is 1111121111111 Zero 


*Invert the MSB of the COB code with an external inverter to obtain CTC code. 
Table |. Digital Input Codes 


ACCURACY 
Accuracy error of a D/A converter is the difference between 
the analog output that is expected when a given digital code is 
applied and the output that is actually measured with that 
code applied to the converter. Accuracy error can be caused 
by gain error, zero error, linearity error, or any combination 
of the three. Of these three specifications, the linearity error 
specification is the most important since it can not be cor- 
rected for. The linearity error of the AD DAC85 is specified 
over its entire temperature range. This means that the analog 
output will not vary by more than +1/2LSB, maximum, from 
an ideal straight line drawn between the end points (inputs all 
“1s and all “‘0"s) over the specified temperature range of 
-25°C to +85°C. 


Differential linearity error of a D/A converter is the devi- 
ation from an ideal 1LSB voltage change from one adjacent 
output state to the next. A differential linearity error speci- 
fication of +1/2LSB means that the output voltage step sizes 
can range from 1/2LSB to 3/2LSB when the input changes 
from one adjacent input state to the next. Monotonicity over 
the -25°C to +85°C range is guaranteed in the AD DAC85 to 
insure that the analog output will not decrease with increasing 
input digital codes. 


DRIFT 

Gain Drift is a measure of the change in the full scale range 
output over temperature expressed in parts per million per 
°C (ppm/°C). Gain drift is established by: 1) testing the end 
point differences for each AD DAC85 model at the lowest 
operating temperature, +25°C and the highest operating 
temperature; 2) calculating the gain error with respect to the 
+25 C value and; 3) dividing by the temperature change. 


Offset Drift is a measure of the actual change in output with 
all “1’’s on the input over the specified temperature range. For 
example, the offset for the “‘C’”’ version is measured at 0 C, 
+25°C and +70°C. The maximum change in offset is referenced 
to the offset at 25°C and is divided by the temperature range. 
This drift is expressed i in parts per million of full scale range 
per °C (ppm of FSR/’ C). 


SETTLING TIME 

Settling time for each AD DAC85 model is the total time (ine 
cluding slew time) required for the output to settle within an 
error band around its final value after a change in input (see 
Figure 3). 


Voltage Output Models. Three settling times are specified to 
+0.01% of full scale range (FSR); two for maximum full scale 
range changes of 20V, 10V and one for a 1LSB change. The 
1LSB change is measured at the major carry (0111... 11 to 
1000... 00), the point at which the worst case settling time 
occurs. 


Current Output Models. Two settling times are specified to | 
+0.01% of FSR. Each is given for current models connected 
with two different resistive loads: 10 to 100 ohms and 1000 
to 1875 ohms. Internal resistors are provided for connecting. 
nominal load resistances of approximately 1000 to 1800 ohms 
for output voltage range of +1V and 0 to -2V(see Table IV). 


| MODELS rm SX FEEDBACK 


° 
w 


0.1 


ACCURACY 
PERCENT OF FULL SCALE RANGE — % 


SETTLING TIME — us 


Figure 3. Full Scale Range Settling Time vs. Accuracy 


COMPLIANCE 

Compliance voltage is the maximum voltage swing aiigwed on 
the current output node in order to maintain specified 
accuracy. 


POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a power 
supply change on the D/A converter output. It is defined as a 
per cent of FSR per per cent of change in either the positive, 
negative, or logic supplies about the nominal power supply 
voltages. 


REFERENCE SUPPLY 

All AD DAC85 models are supplied with an internal 6.3 volt 
reference voltage supply. This voltage (pin 24) is accurate to 
+2% and must be connected to the Reference Input (pin 16) 
for specified operation. This reference may also be used ex- 
ternally with external current drain limited to 2.5mA. An 
external buffer amplifier is recommended if this reference is 
to be used to drive other system components. Otherwise, vari- 
ations in the load driven off of the reference will result in gain 
variations of the AD DAC85. All gain adjustments should be 
made under constant load conditions. 
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POWER SUPPLY CONNECTIONS to common to prevent noise pick-up. Figures 5 and 6 show the 
For optimum performance power supply decoupling capacitors _ relationship of the OFFSET and GAIN adjustments to the uni- 
_ should be added as shown in the connection diagrams (Figures _ polar and bipolar D/A converters. 


1 and 2). These capacitors (1uF electrolytic recommended) Offset Adjustment. For unipolar (CSB, CCD) configurations, 
should be located close to the AD DAC85S. Electrolytic capa- apply the digital input code that should produce zero poten- 
citors, if used, should be paralleled with 0.01uF ceramic capa- tial output and adjust the OFFSET potentiometer for zero 
citors for optimum high frequency performance. output. For bipolar (COD, CTC) configurations, apply the 

| digital input code that should produce the maximum negative 
PERNA LORE EP OND CAIN SDI USI MEN! ‘output voltage. Example: If the FULL SCALE RANGE is 


Offset and gain may be trimmed by installing external OFF- 

SET and GAIN potentiometers. These potentiometers should 
be connected as shown in the block diagrams in Figures 1 and 
2 and adjusted as described below. TCR of the potentiometers 


connected for 20 volts, the maximum negative output volt- 
age is -10V. See Table II for corresponding codes and the 
block diagrams in Figures 1 and 2 for offset adjustment 


: connections, 
should be 100ppm/°C or less. The 3.9MQand 10MQ. resistors 
(20% carbon or better) should be located close to the Gain Adjustment. For either unipolar or bipolar config- 
AD DAC85 to prevent noise pick-up. If it is not convenient urations, apply the digital input that should give the maximum 
to use these high-value resistors, a functionally equivalent “‘T” positive voltage output. Adjust the GAIN potentiometer for 
network, as shown in Figure 4 may be substituted in each case. this positive full scale voltage. See Table II for positive full 
The gain adjust (pin 23) is a high impedance point and a scale voltages and the block diagrams for gain adjustment 
0.01uF ceramic capacitor should be connected from this pin connections. 
10M a 
= 270kK2 =. 270k 4 
7.8kQ ~~] +FULL SCALE 
| RANGE OF 
3.9M2 — _ 180k2 180k Ve eas 
= GAIN AOJ 
_ ‘ROTATES 
10kQ THE LINE 
All BITS= 1 F-+-+-4 $+-+H ALL BITS=0 
Figure 4, Equivalent Resistances - 
RANGE OF 
OFFSET ADJ 
4 ad OFFSET ADJ I -FULL SCALE 
‘ —_— TRANSLATES 
+FULL SCALE | THE LINE 
‘is Figure 6. Relationship of OFFSET and GAIN 
CR ADE Adjustments for a BIPOLAR D/A CONVERTER 


(Input, Horizontal; Output, Vertical) 


GAIN ADJ 


| [epee FULL SCALE RANGE 


ROTATES 
THE LINE 
RANGE OF DIGITAL INPUT ANALOG OUTPUT 
OFFSET ADJ 
ee ee ae 2 
: ALL BITS=1 ALL BITS=0 3 000000000000 +9.9976V +9.9951V -1.9995mA -0.9995mA 
S | oliiitiiiid +5,0000V - 9,0000V -1.0000mA 0.0000mA 
ap ee 2 | 106000000000 +4.9976V -0.0049V -0.9995mA +0,0005mA 
TRANSLA Ppdandaqaid 0.0000V -10,0000V 0.0000mA 0.488uV 


THE LINE 1LSB 2.44mV 4.88mV 0.488mA +1.000mA 


3 Digital Resolucon 


Figure 5. Relationship of OFFSET and GAIN 
Adjustments for a UNIPOLAR D/A Converter 
(Input, Horizontal; Output, Vertical). 


MSB LSB 


N/A 
N/A 
N/A 


0110 01100110 
0110 O110 1111 
O11O 1Tid2 Vida 
Pad yaad yaad 
LSB 


"  =1,249mA 
-1.238mA 
-1.125mMA 
0.00U0mA 

1.25MA 


CCD Models 


*To obtain values for other binary (CBI) ranges: 0 to +5V range: divide 0 to « 10V range values by 2: 
£5V range: divide t 10V range values by 2; £2.5V range; divide 210V range values by 4. 


*°*Normal full scale range with correct codes; output can go higher if illegal codes are applied. 


Table I!. Digital Input/Analog Output 
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VOLTAGE OUTPUT MODELS | TO REF CONTROL CIRCUIT 
Internal scaling resistors provided in the AD DAC85 may be con- 6.3k2 

nected to produce bipolar output voltage ranges of +10, +5 REF IN 
or t2.5V or unipolar output voltage ranges of 0 to +5V or 0 
to +10V (see Figure 7). 


REF 
INPUT 


| 16 6.3k2 : 
TO REF ae Been 
CONTROL CIRCUIT a) AD DAC85-CBI-! 
COM 
SUMMING 


JUNCTION 


3k22 


FROM WEIGHTED 5k2 (CBI) 
RESISTOR NC 
NETWORK 3kQ (CCD) 


OUTPUT ‘ 


*PIN 17 NOT CONNECTED FOR CCD 
= MODELS. \ 


b) AD DAC85-CCD-! 
Figure 7. Output Amplifier Voltage Range } 


Scaling Circuit Figure 8. Internal Scaling Resistors 


Gain and offset drift are minimized in the AD DAC85 because 


of the thermal tracking of the scaling resistors with other Internal resistors are provided to scale an external op amp or 


device components. Connections for various output voltage to configure a resistive load to offer two output voltage ranges 
ranges are shown in Table III. Settling time is specified for a of £1V or 0 to -2V. These EEStor’ (Ri) ate an integral Patt 
full scale range change: 5 microseconds for 8kQQ or 10kQ2 feed- of the AD DAC85 and maintain gain and bipolar offset drift 


back resistors; 3 microseconds for a 5kQ feedback resistor. specifications. If the internal resistors are not used, external 
R,. (or Rp) resistors should have a TCR of +2 Sppm/" C or less! 


aan to minimize drift. This will typically add +5O0ppm/°C + the 


Pin 16 to 


rE TCR of Ry (or Rg) to the total drift. 


Connect 
Pin 19 to 


Connect 
Pin 17 to 


Connect 
Pin 15 to 


Output Digital 


Input Codes 


+10V COB or CTC 


+5V COB or CTC 24 

+2.5V COB or CTC 24 

0 to +10V CSB 24 

0to +5V CSB 24 BIPOLAR OFFSET 

0 to +10V CCD 24 ees 
REFERENCE INPUT CONTROL 


CIRCUIT 


Table I!!, Output Voltage Range Connections- 15] lout 


Voltage Model AD DAC85 Dorian faa 
0TO 2mA 
The equivalent resistive scaling network and output circuit of a aa 


the current model are shown in Figures 8 and 9. External 
Rys or Ryp resistors are required to produce exactly 0 to 
-2V or $1V output. TCR of these resistors should be 

+100ppm/C or less to maintain the AD DAC85 output 
specifications. If exact output ranges are not required, the Figure 9. AD DAC85 Current Model Equivalent: 


24) REFERENCE OUT 


external resistors are not needed. Output Circuit 
R,; Connections Reference Bipolar Offset 
Internal 1% Metal Film 
Digital Output Resistance External Resistance | Connect Connect Connect Connect Connect 
Input Codes Range Ru Ris Rip Pin 15 to Pin 18 to Pin 20 to Pin 16to | Pin 17 to 
Between 
CSB 0 to -2V 0.968k2 2102 N/A 19&Ris Com (21) Pin 18 & : N/A 
Com (21) 
: , Between 
CcD 0 to -2V 3kQ N/A 3.57kQ N.C. Com (21) N.C. 24 N.C. N/A Pin 15 & 
21 
Between 
COB or CTC +1V 1.2kQ 2492 N/A 18 19 Ris 24 15 Pin 20 & N/A 
Com (21) 


Table 1V. Current Model/Resistive Load Connections 
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1 a 

4 DRIVING A RESISTIVE LOAD UNIPOLAR 

A load resistance, Ry, = Ry, + Ris, connected as shown in 
.Figure 10 will generate a voltage range, Voyr, determined by: 


6.6k x =) 


Your=-2ma (ERT, 


Where R;, max = 1.54kQ 


and Vout max = -2.5V 


To achieve specified drift, connect the internal scaling resistor 
(R, 1) as shown in Table IV to an external metal film trim re- 
sistor (Rj_g) to provide full scale output voltage range of 0 to 
-2V. With Ry 5 = 0, VouT = -1.69V. 


CURRENT CONTROLLED 
BY DIGITAL INPUT 


Figure 10, Equivalent Circuit AD DAC85-CBI-I 
Connected for Unipolar Voltage Output with 
Resistive Load 


CCD Input Code: Connect the internal scaling resistors as 
shown in Table V and add an external metal film resistor 
(Rp) in parallel as shown in Figure 11 to obtain a 0 to -2 
volt full scale output voltage range for CCD input codes. 


; Rit x Rip 
With R; = =~—_~—— 
EL” Ru + Rep 
6.9kxR 
Vour = -1.25mA (2:25 XL ) 
oe ( 69k +R, 


If Rup = ©, Vout = -3.62V 


15 
oTo 2 6.92 

CH) 1.25mA Ru 
3kQ 


CURRENT CONTROLLED 21{/COMMON 
BY DIGITAL INPUT 


Figure 11. AD DAC85-CCD-/ Connected for 
Voltage Output with Resistive Load 
DRIVING A RESISTOR LOAD BIPOLAR 


The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 12, Ry, = Ryy + Ris. Vout is 


determined by: 
Ri x 3.22k 
=+ eran 
MOULDS TNs (x + 3.22k ) 


Where R;, max = 11.18kQ2 
+2.5V 


To achieve specified drift, connect the internal scaling resistors 
(R,}) as shown in Table IV for the COB or CTC codes and add 
an external metal film resistor (R;s) in series to obtain a full 
scale output range of +1V. In this configuration, with Ris 
equal to zero, the full scale range will be +0.874V. 


VouUT max = 


DRIVING AN EXTERNAL OP AMP 

The current model AD DAC85 will drive the summing junction 
of an op amp used as a current to voltage converter to produce 
an output voltage. As seen in Figure 13. 


Vout = lout XRF 
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Ru 
1.2k92 


20 


21] COMMON 
CURRENT CONTROLLED 


BY DIGITAL INPUT 


Figure 12, AD DAC85-CBI-I Connected for Bipolar 
Output Voltage with Resistive Load 


where Igy is the AD DAC85 output current and Rr is the 
feedback resistor. Using the internal feedback resistors of the 
current model AD DAC85 provides output voltage ranges the 
same as the voltage model AD DAC85. To obtain the desired 
output voltage range when connecting an external op amp, 
refer to Table V and Figure 13. 


Output Digital Connect Connect Connect Connect 
Range Input Codes Ato Pin17to Pin 19to Pin 16 to 
+10V COB or CTC 19 15 A 24 
+5V COB or CTC 18 15 N.C. 24 
£2 5'V COB or CTC 18 15 15 24 
0 to +10V CSB 18 21 N.C. | 24 
Oto +5V CSB 18 21 15 24 
0 to +10V CCD 19 N.C. A 24 


20V RANGE (CB!) 
10V RANGE (CCD) 


5kQ CBI; 3k2 CCD 


Vout 


*FOR FAST SETTLING TIMES 


Figure 13. External Op Amp — Using Internal 
Feedback Resistors 


OUTPUT LARGER THAN 20V RANGE 

For output voltage ranges larger than +10 volts, a high voltage 
op amp may be employed with an external feedback resistor. 
Use Iout values of t1mA for bipolar voltage ranges and -2mA 
for unipolar voltage ranges (see Figure 14), Use protection 
diodes when a high voltage op amp is used. 


The feedback resistor, Ry, should have a temperature coef- 
ficient as low as possible. Using an external feedback resistor, 
overall drift of the circuit increases due to the lack of temper- 
ature tracking between Rg and the internal scaling resistor 
network. This will typically add 50ppm/°C + Rx drift to 

total drift. 


*FOR OUTPUT VOLTAGE SWINGS UP TO 140V p-p. 


Figure 14. External Op Amp — Using 
External Feedback Resistors 
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Wide Temperature Range ~*~ 


12-Bit IC D/A Converter 
AD DAC87* 


FEATURES | 
Wide Temperature Range: -55°C to +125 C 
Pin-Compatible with AD DAC80 and AD DAC85 
3 Chip, High Reliability Construction 
Low Power Dissipation 
Laser-Trimmed to High Accuracy: 

+3/4LSB Max Nonlinearity, -55°C to +125°C 
High Stability, High Current Output 

Buried Zener Reference 
On-Board Output Amplifier (V Models) 
24 Lead Side Brazed Hermetically-Sealed Ceramic DIP 
MIL-STD-883 Processing Available 


PRODUCT DESCRIPTION 

The AD DAC87 is a high performance 12-bit digital-to-analog 
converter, consisting of matched bipolar switches, a precision 
resistor network, a low-drift high-stability voltage reference 
and an optional output amplifier. The digital inputs are TTL 
compatible with complementary binary (CBI) input coding. 
The AD DAC87 offers output voltage ranges of +2.5, +5, +10, 
0 to +5, or O to +10 volts (V models); output current ranges 
(I models) are either +1mA or 0 to -2mA. 


Advanced circuit design and precision processing techniques 
result in significant performance advantages over conventional, 
larger, standard DAC87 devices. An innovative 3-chip construc- 
tion improves reliability by a factor of five.! The AD DAC87 
incorporates a fully differential, non-saturating precision cur- 
rent switching cell structure which provides greatly increased 
immunity to supply voltage variation. This same structure also 
reduces nonlinearities due to thermal transients as the various 
bits are switched; nearly all critical components operate at 
constant power dissipation. High stability SiCr thin film re- 
sistors are trimmed with a fine resolution laser, resulting in 

low differential linearity errors. A low noise, high stability sub- 
surface zener diode is used to produce a reference voltage with 
excellent long term stability, high external current capability 
and temperature drift characteristics which challenge the best 
discrete zener references. 


The AD DAC87 is recommended for all 12-bit D/A converter 
applications where reliability and performance over tempera- 
ture are of paramount importance. 


*Covered by Patent Nos. 3,978,473; RE 28,633; 4,020,486; 
3,747,088; 3,803,590; 3,961,326. 

’ For details of calculations see Application Note, “AD DAC87 Relia- 
bility Predictions’, 


AD DAC87 FUNCTIONAL BLOCK DIAGRAM 


REF 
CONTROL 
CIRCUIT 


en 


AD DAC87 EB 


24-PIN DIP 

PRODUCT HIGHLIGHTS 

1, The AD DAC87 directly replaces other devices of this 
type with significant increases in performance. 

2. 3-Chip IC construction makes the AD DAC87 the opti- 

~mum choice for applications where performance and 
reliability are major considerations. : 

3. System performance upgrading is possible without 
redesign. 

4, The AD DAC87 offers a maximum nonlinearity of 0.012%, 
+25ppm/°C maximum gain drift, and a total accuracy drift 
in the bipolar configuration of +0.24% of FSR maximum 
over the -55°C to +125°C temperature range. 

5. The low T.C. Binary ladder guarantees that all AD DAC87 
units will be monotonic over the specified temperature 
range. | 

6. Reduced power consumption requirements result in im- 
proved stability and shorter warm-up time. 

7. The precision buried zener reference can supply up to 
2.5mA for use elsewhere in the application. 

8. Voltage or current output models are available. 

9. The solder-sealed ceramic package provides a reliable her- 
metic metal-to-metal seal. 

10. All accuracy and drift parameters are 100% tested at 
-55°C and +125°C to insure high performance over the 
full temperature range. 

11. Both voltage and current output models are available 


processed to the requirements of MIL-STD-883, 
method 5008, class B. 
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SPECIFICATIONS a =+25°C, rated nanel supplies unless otherwise noted) 


MODEL AD DAC87-CBI 
bi ° MIN TYP MAX UNITS 
DIGITAL INPUT 
' Resolution 12 Bits 
Logic Levels (TTL Compatible) 
Logic “1” (at +1uA) +2 +5.5 Vv 
Logic “0” (at -100uA) 0 : +0.8 Vv 
TRANSFER CHARACTERISTICS a ae a ee a ee 
ACCURACY 
Linearity Error @ +25°C +1/4 +1/2 LSB 
-55°C to +125°C +3/4 LSB 
Differential Linearity Error at +25°C +1/2 +3/4 LSB 
-55°C to +125°C : +1 LSB 
Gain Error’ +0.1 +0.2 % 
Offset Error’ +0.05 +0.1 %FSR? 
Temperature Range for Guaranteed 
Monotonicity -55 +125 °C 


DRIFT® (-55°C to +125°C) 
Total Bipolar Drift, max (includes gain, 


offset, and linearity drifts) +15 +30 ppm of FSR/°C 
Total Error (-55°C to +125°C)* 
Unipolar +0.13 +0.3 % of FSR 
Bipolar +0.12 +0.24 % of FSR 
Gain 
Including Internal Reference ‘£10 +25 ppm/°C 
Excluding Internal Reference +5 +10 ppm/°C 
Unipolar Offset +1 +3 ppm of FSR/°C 
Bipolar Offset 25 +10 ppm of FSR/°C 
CONVERSION SPEED 
Voltage Model (AD DAC87-CBI-V) 
Settling Time to +0.01% of FSR 
for FSR change 
with 10kQ22 Feedback 5 us 
with 5kQ. Feedback 3 Us 
for 1LSB change 1.5 us 
Slew Rate 10 20 V/ps 
Current Model (AD DAC87-CBI-I) 
Settling Time to +0.01% of FSR 
for FSR Change 10 to 1002 Load 300 ns 
1kQ Load 1 . Us 
ANALOG OUTPUT oe 
Voltage Models 
Ranges +2.5, +5, +10, 0 to +5, O to +10 Vv 
Output Current 75°. mA 
Output Impedance (dc) 0.05 9) 
Short Circuit Duration INDEFINITE TO COMMON 
Current Models 
Ranges 1,0 to -2 mA 
Output Impedance — Bipolar 2.5 3.3 4.1 kQ 
— Unipolar 5.0 6.6 8.2 kQQ 
Compliance -1.5 +10.5 V 
Internal Reference Voltage (Vp) +6.17 +6.3 +6.43 V 
Output Impedance 1.5 Q 
Max. External Current® : 2.5 mA 
Tempco of Drift +5 +10 ppm of Ve/°C 
POWER SUPPLY SENSITIVITY . 
+15V Supply +0.002 +0.003 % of FSR/%Vs 
-15V and +5V Supplies +0.002 +0.003 % of FSR/%Vs 
POWER SUPPLY REQUIREMENTS 
Rated Voltages +15, +5 Vv 
Range +13.5, +4.5 +16.5, +16.5 Vv 
Supply Drain 
+15V (Including 5mA Load) 10 20 mA 
+5V 10 20 mA 


=15V 20 30 , mA 
TEMPERATURE RANGE 


° 


Cc 


Specification -55 +125 
° 

Storage -65 +150 C 
PACKAGE OPTION® HY24A 
er errr e rr eer SS 
NOTES 
’ Adjustable to zero with external trim potentiometer. “With gain and offset errors adjusted to zero at +25°C. 
? FSR means “‘full scale range” and is 20V for +10V range, 10V for +5V range, etc. * With no degradation of specifications under constant load. 
>To maintain drift spec internal feedback resistors must be used for current output models; * See Section 20 for package outline information, 


the buried zener reference drift is a nonlinear function of temperature: all devices are tested 
to insure that actual drift at any temperature within the specified operating range is less than 
guaranteed maximum. , 


Specifications subject to change without notice. 
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MIL-STD-883 2 

The rigors of the military/aerospace environment (temperature 
extremes, humidity, mechanical stress, etc.), demand the ut- 
most in electronic circuits. The AD DAC87, with the inherent 


10MQ. 


2 100kQ 
TE 
FL 10k2Q. 


Figure 1. External Adjustment and Voltage Supply 
Connection Diagram, Voltage Model 


CONTROL 


CIRCUIT 


Figure 2. External Adjustment and Voltage Supply 
Connection Diagram, Current Model | 


MIL-STD-883 | 


reliability of integrated circuit construction, was designed with 
these applications in mind. To further insure reliability, the 
AD DAC87 is available with 100% screening to MIL-STD-883, . 


method 5008. 


PIN CONFIGURATION 
24 LEAD DUAL IN-LINE PACKAGE 


I Models 


(MSB) Bit 1 

Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

Bit 8 

Bit 9 
Bit 10 
Bit 11 
(LSB) Bit 12 
Logic Supply 
-Vs 
lour 
Ref Input 
Bipolar Offset 
Scaling Network 
Scaling Network 
Scaling Network 
Common 
+V5 
Gain Adjust 
6.3VR iy Out 


Pin + V Models 


1 Bit 1(MSB) 
2 Bit 2 

3 Bit 3 

4 Bit 4 

5 Bit 5 

6 Bit 6 

7 Bit 7 

8 Bit 8 

9 Bit 9 
10 Bit 10 


11 Bit 11 

12 Bir 12 (LSB) 
13 Logic Supply 
14 -Vs 

15 VOUT 

16 Ref Input 

17 Bipolar Offset 
18 10V Range 


19 20V Range 

20 Summing Junction 
21 —§ Common 

22 +Vo 


23 Gain Adjust 
24 6.3VREE Out 
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EXTERNAL OFF SET AND GAIN ADJUST MENT 

Offset and gain may be trimmed by installing nial OFF- 
SET and GAIN potentiometers, as shown in the block diagrams 
on the previous page. TCR of the potentiometers should be 
100ppm/°C or less. If it is not convenient to use the 3.9MQ 


_ and 33MQ resistors shown, a functionally equivalent “T”’ net- 
“work, as shown in Figure 3 may be substituted in each case. 


10M2 pn 270kK2 = - 270k 


7.7kQ 


3.9MQ2 oe 180k{2 180k2 


10K2 


Figure 3. Equivalent Resistances 


Offset Adjustment. For unipolar configurations, apply the 
digital input code that should produce zero potential output 
and adjust the OFFSET potentiometer for zero output. For 
bipolar configurations, apply the digital input code that should 
produce the maximum negative output voltage. Example: If 


- the FULL SCALE RANGE is connected for 20 volts, the max- 


imum negative output voltage is -10V. See Table I for corres- 
ponding codes and the block diagrams.on the previous page 
for offset adjustment connections. 


Gain Adjustment. For either unipolar or bipolar configura- 
tions, apply the digital input that should give the maximum 
positive voltage output. Adjust the GAIN potentiometer for 
this positive full scale voltage. See Table I for positive full scale 
voltages and the block diagrams for gain adjustment connections. 


_ DIGITAL INPUT ANALOG OUTPUT 


VOLTAGE CURRENT 


12 Bit Resolution 


MSB LSB tImA 


000000000000 +9.9976V +9.9951V -1.9995mA -0.9995mMA 
Oi111212111111 +5.0000V 0.000U0V -1.0000mA 0.0000mA 

100000000000 +4.9976V -V.0049V -0.9995mA +0.0005mA 
1222121121111 1 0.0000V -10.0000V 0.0000mA +1.000mA 

1LSB 2.44mV 4.88mV 0.488uA 0.488uUA 


Table |. Digital Input/Analog Output 


VOLTAGE OUTPUT MODELS 

Internal scaling resistors provided in the AD DAC87 may be 
connected to produce bipolar output voltage ranges of +10, 
+5 or +2.5V or unipolar output voltage ranges of 0 to +5V or 


0 to +10V (see Figure 4). 


REF 
INPUT 


oe BIPOLAR 
TO REF OFFSET 
CONTROL CIRCUIT 
El com 


SUMMING 
JUNCTION 


FROM WEIGHTED 
RESISTOR 
NETWORK 


Figure 4. Output Amplifier Voltage Range Scaling Circuit 


Gain and offset drift are minimized in the AD DAC87 because 
of the thermal tracking of the scaling resistors with other 
device components. Connections for various output voltage 
ranges are shown in Table II. 
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ee 


: a sta 
~~ Output Digital © Connect Connect Connect Connect 
Range Input Codes | Pin 15 to | Pin 17 to Pin 19 to | Pin 16 to | 


+10V COB or CTC 


+5V COB or CTC 24 
+2.5V COB or CTC 24 
0 to +10V CSB 24 
Oto +5V 24 


CSB 


Table I. Output Voltage Range Connections AD DAC87-CBI-V 


CURRENT OUTPUT MODELS 

The current output model of the AD DAC87 can be used to 
drive a resistive load directly to produce a voltage output. 
Recommended output ranges and pin connections are shown 
in Table III. 


Connect 
Pin 17 to 


Connect 
Pin 16 ta 


Digital 
Input Codes 


Connect 
Pin 20 to 


Connect 
Pin 18 to 


Ris 


Between 
Pin 18 & 
Com (21) 


Between 
Pin 20 & 
Com (21) 


Table I/1, AD DAC87-CBI- / Resistive Load Connections 


DRIVING A RESISTIVE LOAD UNIPOLAR 
A load resistance, Ry, = Ry. + Rpg, connected as shown in 


COBorCTC] t1V 


Figure 5a will generate a voltage range, Vout, determined by: 


6.6k x =) 
6.6k + Ry, 


Where R,, max = 1.54kQ 


VouT =-2mA 


and Vour max = -2.5V 


To achieve specified drift connect the internal scaling resistor 
(Rz1) as shown in Table III to an external metal film trim re- 
sistor (Ry s) to provide full scale output voltage range of 0 to 
-2V. With Ry s = 0, Vout = -1.69V. 


CURRENT CONTROLLED 
BY DIGITAL INPUT 


\— CONTROLLED 
BY DIGITAL INPUT 


Figure 5b. Bipolar Voltage Output 


Figure 5. AD DAC87-CBI-I Equivalent Circuit Driving 
Resistive Loads 


DRIVING A RESISTIVE LOAD BIPOLAR 
The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 5b, Ry, = Ry + Ris. Vour 3s 
determined by: 
Ri x 3.22k 
=+] pad aa racine 
On ciea @ + 3.22k ) 

Where Ry, max = 11.18kQ 


+2.5V 


To achieve specified drift, connect the internal scaling resistors 
(Ry) for the COB or CTC codes and add an external metal 


Vo UT max = 


film resistor (Rs) in series to obtain a full scale output range 


of +1V. In this configuration, with Rpg equal to zero, the full. 
scale range will be +0.874V. 
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_ AD DACI00 


FEATURES 

Complete Current Output Converter 

High Stability Buried Zener Reference 
Single Chip Monolithic Construction 

Wide Supply Range +6V to +18V 

Trimmed Output Application Resistors 

Fast Settling — 225ns (8 Bits), 375ns (10 Bits) 


Guaranteed Monotonicity Over Full Operating Temper- 


ature Range 
TTL and DTL Compatible Logic Inputs 
MIL-STD-883B Processed Models Available 
Hermetically-Sealed 16-Pin Ceramic DIP (All Grades) 


PRODUCT DESCRIPTION 

The AD DAC100 is a 10-bit digital-to-analog converter with a 
high stability voltage reference fabricated on a single monolithic 
chip. Using 10 precision high-speed current-steering switches, a 
control amplifier, voltage reference, and laser-trimmed thin-film 
SiCr resistor network, the device produces a fast, accurate analog 
output current. Laser trimmed output application resistors are 
also included to facilitate accurate, stable current-to-voltage con- 
version. 


The AD DAC100 also incorporates a low noise, high stability 
subsurface zener diode to produce a reference voltage with 
excellent long term stability and temperature cycle characteristics 
which challenge the best discrete zener references. A temperature 
compensation circuit is laser-trimmed to allow correction of the 
temperature coefficient of each device. This results in a maximum 
full-scale temperature coefficient of 15ppm/°C for the L and U 
versions, 30ppm/°C max for the K and T versions, 60ppm/°C 
max for the J and S versions. 


All grades are packaged in a 16-pin hermetically-sealed ceramic 
dual-in-line package. The J, K, L versions are specified for 
operation over the — 25°C to + 85°C temperature range, the AD 
DAC100S, T and U for operation over the full military temperature 
range from — 55°C to + 125°C. MIL-STD-883B processing is 
available on all grades. 


AD DAC100 FUNCTIONAL BLOCK DIAGRAM 


DIGITAL LOGIC INPUTS 
MSB 1. BIT 2 BIT 3 BIT 4 BITS BIT6 BIT7 BIT 8 BIT 9 LSB 10 
SEI BS EEN AN AE SIR A SC 
CPs ¢ ae 2 4 eee oe Pee een ee 


V+ 


FULL 
SCALE 
ADJUST 


Rs = 5k 
Ra = 6.1k Rs 


Re 
BIPOLAR REF 


PRODUCT HIGHLIGHTS | 
1. The AD DACi00 is a true second-source equivalent to the 
industry standard DAC100. 


2. The high impedance current output can be used with an 
external op amp and the internal applications resistors to 
produce a low impedance output voltage. 


3. The AD DAC100 is available with a 10 volt output; or 5 volt 
version, consult factory. | 


4. The AD DAC100 is available in chip form for use in hybrid 
microcircuits. , 


5. MIL-STD-883 processing to method 5004, Class B is available 
on all grades and temperatures ranges, both industrial (— 25°C 
to +85°C) and military (—55°C to + 125°C). . 
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+ 15V, — 25°C<T,< +85°C for J, K, Ldevices; 
— §5°C<T,< + 125°C for S, T, U devices unless otherwise specified) 


MAX 


PARAMETERS SYMBOL CONDITIONS MIN TYP UNITS 
Resolution 10 10 10 Bits 
Nonlinearity Ni K,L,T, U(+ “%LSB - 10 Bits) - - +0.05 % FS 

Ni J,S(+ “LSB - 9 Bits) - - +0.1 % FS 
Full Scale Tempco. Tc L,U = - +15 ppm/°C 

Tc K,T _ = + 30 ppm/°C 

Tec J58 - - +60 ppm/°C 
Settling Time Ta = +25°C ts to +0.05% FS = - 375 ns 

ts to +0.1% FS - - 300 ns 

ts to +0.2% FS _ _ 225 ns 

ts to +0.4% FS _ - 150 ns 

ts to +0.8% FS - = 100 ns 
Full Range Output Voltage* Ver Connect FS Adjust to V — 10 - 11.1 V 
Adjustable to 10.0V with a4 
External 2002 Trimmer ; 
Zero Scale Output Voltage Vzs Vin = 2.1V = ra 0.013 % FS 
Logic Inputs: High VINuH Measured with Respect to Output Pin 2.1 _ - V 
Logic Inputs: Low VINL Measured with Respect to Output Pin - - 0.7 V 
Logic Input Current, Each Input In Vin = Oto +6V - - 5 wA 
Logic Input Resistance Rin Vin =0to +6V - 3 - MQ 
Logic Input Capacitance Cw _ 2 _ pF 
Output Resistance Ro _ 500 — kQ 
Output Capacitance Co - 13 - pF 
Applied Power Supplies: V + Linearity within Specification +6 - +18 V 
Applied Power Supplies: V — Linearity within Specification —6 - —18 V 
Power Supply Sensitivity Pss Vs t+ +6Vto +18V _ - +0.10 % per volt 
Power Consumption -Pp Vs = +15V - 200 250 mW 
Positive Supply Current . ib Vs = +15V _ - 8.33 mA 
Negative Supply Current bes Vs = —I15V _ - — 8.33 mA 


*Using external op amp for I/V conversion (see Figure 3). 


ABSOLUTE MAXIMUM RATINGS 


\ 


V+ Supply to V—Supply........... 


V+ Supply to Output 
V— Supply to Output 


Logic Inputs to Output .... . SW she de Sie 


Power Dissipation! 


DIGITAL 
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INPUTS 
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Specifications subject to change without notice. 


Operating Temperature Range 


PIN CONFIGURATION 
TOP VIEW 


aS ADJUST 


144 V+ 
113 | BIT 1 
112] BIT 2 
111] BIT 3 


BIT 4 


| 9 | BIT 5 


AD DAC100 
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FULL SCALE 


MSB 


DIGITAL 
LOGIC 
INPUTS 


— 25°C to + 85°C 
— 55°C to + 125°C 
— 65°C to + 150°C 

+ 300°C (60 sec) 


AD DAGIOO],: Ky. Ly chu oa 8e ews 
.. Oto + 36V AD DAC100S, T;U ....... ies 
~. Oto +18V Storage Temperature Range........ 
.. Oto —18V Lead Temperature (Soldering) ....... 
—-1V to +6V NOTE: 
.... 500mW 'Rating applies to ambient temperature of 100°C. Above 100°C, derate at 10mW//°C. 


Model 


AD DAC100JD 

AD DAC100JD/883B 
AD DAC100KD 

AD DAC100KD/883B 
ADDACIOOLD | 

AD DAC100LD/883B 
AD DAC100SD/883B 
AD DAC100TD/883B 
AD DAC100UD/883B 


Analog Devices 


ADDACI00JD _ 
AD DAC100JD/883B 

AD DAC100KD 

AD DAC100KD/883B 
AD DACI100LD 

AD DAC100LD/883B 
AD DAC100SD/883B 

AD DAC100TD/883B 
AD DAC100UD/883B 


AD DAC100 ORDERING GUIDE 


Maximum 

Temperature Linearity Max T.C. 
Range Error % ppm/°C 
—25°Cto + 85°C —S O01 60 

— 25°C to + 85°C 0.1 — 60 

— 25°C to + 85°C 0.05 30 

— 25°C to + 85°C 0.05 30 

— 25°C to + 85°C 0.05 15 

— 25°C to + 85°C 0.05 15 
—55°Cto +125°C — «0.10 60 
—55°Cto + 125°C — 0.05 30 
—55°Cto +125°C — 0.05 15 

CROSS REFERENCE 


Precision Monolithics Inc. 


Package 
Type 


D16A 
D16A 
D16A 
D16A. 
D16A 
D16A 
D16A 
D16A 
D16A 


DAC-100 BCQ1, BCQ3, CCQ1, CCQ3, DDQ1, DDQ3 


DAC-100 BCQ7, CCQ7, DDQ7 

DAC-100 ABQ1, ACQ1, ACQ3, BBQ1, BBQ3 
DAC-100 ABQ7, ACQ7, BBQ7 

DAC-100 AAQ] 

DAC-100 AAQ7 

DAC-100 BCQS, CCQ5, DDQS5 

DAC-100 ABQ5, ACQS5, BBQS5 

DAC-100 AAQS, BAQS 
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’ Applying the AD pACIO0 


DIGITAL INPUT CODES 
The AD DAC100 accepts complementary digital input codes in 
either binary, offset binary or two’s complement (see Table 1). 


DIGITAL INPUT ANALOG OUTPUT 


Compl. Compl. _ Compl.* 
Straight Binary | . Offset Binary Two’s Compl. 


0000000000 


+ Full Scale + Full Scale — LSB 
O1l1l1111111 + Y, Full Scale Zero — Full Scale 
1000000000 Mid-scale — LSB —LSB + Full Scale 
1111111111 Zero — Full Scale Zero 


“Invert the MSB of the COB code with an external inverter to obtain CTC code. 


Table 1. Digital Input Codes 


ACCURACY 

Accuracy error of a D/A converter is the difference between the 
analog output that is expected when a given digital code is applied 
and the output that is actually measured with that code applied 
to the converter. Accuracy error can be caused by gain error, 
zero error, linearity error, or any combination of the three. Of 
these three specifications, the linearity error specification is the 
most important since it cannot be corrected for. The linearity 
error of the AD DAC100 is specified over its entire temperature 
range. This means that the analog output will not vary by more 
than + '2LSB, maximum, from an ideal straight line drawn 


| RANGE OF 


—~_ _— GAIN ADJ 
GAIN ADJ 


+FULL SCALE 


iz 
i 


ROTATES 
THE LINE 


ALL BITS = 1-+-+-5 


RANGE OF 
OFFSET ADJ 


OFFSET ADJ 
TRANSLATES 
THE LINE 


f-++H ALL BITS = 0 


I -FULL SCALE 
{ 


Figure 1. Relationship of OFFSET and GAIN Adjustments 
for a BIPOLAR D/A Converter (Input, Horizontal; Output, 
Vertical) 


+15V 0 VOLTS 


AD DAC100 


-15V 


between the end points (inputs all “1’’s and all ‘‘0”s) over the 
specified temperature range (see Figures | and 2). 


Differential linearity error of a D/A converter is the deviation 
from an ideal 1LSB voltage change from one adjacent output 
state to the next. A differential linearity error specification of 

+ 1LSB means that the output voltage step sizes can range from 
OLSB to 2LSB when the input changes from one adjacent input 
state to the next. Monotonicity over the full temperature range 
is guaranteed in the AD DAC100 to insure that the analog 
output will not decrease with increasing input digital codes. 


+FULL SCALE 
1LSB 


+ 


RANGE OF 
OFFSET ADJ 


GAIN ADJ 


| FULL SCALE RANGE 


ROTATES 
THE LINE 
RANGE OF 
OFFSET ADJ | 
ALL BITS = 0 


ALL BITS = 1 
OFFSET ADJ 
TRANSLATES 

THE LINE 


Figure 2. Relationship of OFFSET and GAIN Adjustments 
for a UNIPOLAR D/A Converter (Input, Horizontal; yates 
Vertical) 


VOLTAGE 
OUTPUT 


NOTE: 

FULL SCALE TEMPCO IS DEFINED AS THE CHANGE IN OUTPUT VOLTAGE MEASURED 
IN THE CIRCUIT ABOVE AND IS EXPRESSED IN PPM BETWEEN EITHER TEMPERATURE 
EXTREME DIVIDED BY THE CORRESPONDING TEMPERATURE CHANGE. 


Figure 3. Full Scale Test Circuit 
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CONNECTING THE AD DAC100 FOR BUFFERED 


VOLTAGE OUTPUT 
The standard current-to-voltage conversion connections using an 


operational amplifier are shown here with the preferred trimming + 


techniques. If a low offset operational amplifier (AD544, AD547, 
ADS509, AD510, AD741L) is used, excellent performance can 
be obtained in many situations without trimming. (A 5mV op 
amp offset is equivalent to “LSB on a 10 volt scale). 


The ADS09 is recommended for buffered voltage-output appli- 
cations which require a settling time to + '4%LSB of one micro- 
second. The feedback capacitor is shown with the optimum 
value for each application; this capacitor is required to compensate 
for the 13 picofarad DAC output capacitance. | 


FIGURE 4. UNIPOLAR CONFIGURATION 
This configuration will provide a unipolar 0 to +10 volt output 
range. 


STEP I...ZERO ADJUST 
Turn all bits HIGH and adjust op amp trimmer, R4, until the 
output reads 0.000 volts (1LSB = 9.76mV). 


AD DAC100 


TYPICAL SETTLING TIME 


STEP II... GAIN ADJUST 

Turn all bits LOW and adjust 2009 gain trimmer, R2, until the 
output is 9.990 volts (Full scale is adjusted to 1LSB less than 
nominal full scale of 10.000 volts.) 


FIGURE 5. BIPOLAR CONFIGURATION 

This configuration will provide a bipolar output voltage from 

— 5.000 to +4.990 volts, with positive full scale occurring with 
all bits LOW (all 0’s). 


STEP I... OFFSET ADJUST 
Turn all bits HIGH, adjust 2000 gairi trimmer to give a reading 
of — 5.000 volts. 


STEP II... GAIN ADJUST 
Turn LOW MSB only, turn all other bits HIGH. aa 5002 
trimmer R3, to give 0.000 output volts. 


Please note that it is not necessary to trim the op amp to obtain 
full accuracy at room temperature. In most bipolar situations, 
the op amp trimmer is unnecessary unless the untrimmed offset 
drift of the op amp is excessive. 


FOR 1/2 SCALE CHANGE 


e 
vV- *Rg - 4.8ki2 = 1.0ps 


Figure 4. Unipolar Voltage Output Circuit 


AD DAC100 


V+ 


BIPOLAR 


Ry (Ry = Rs |IRe) 


Rs 2 4.8k2. 
Re > 6.0ki2 


Figure 5. +5V Bipolar Voltage Output Circuit 
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COMPLIANCE 
Compliance voltage is the maximum voltage swing ‘liGwed on 
the current output node in order to maintain specified accuracy. 


The AD DAC100 is designed to be operated with the output 
voltage near zero. Output voltage swings can affect linearity by 
causing improper switching of bits. Potentially damaging large 
voltage swings can be avoided by clamping the output within 
+0.7 volts using a pair of back to back silicon diodes between 
the output and ground as shown in Figure 6. | 


INTERFACING WITH CMOS LOGIC 

CMOS inputs may be used directly as long as the logic input 
voltages do not exceed 6.5V or V+ (the lesser of the two). If a 
+6 (+5%)V input supply is used, no interfacing components 
are required. 


For CMOS levels between 6.5V a + 15V,a method of interfacing 
is shown in Figure 7. The high level inputs are stepped down to 
TTL level inputs not exceeding 5V by using CMOS Hex buffer/ 
converters. These buffer/converters not only provide level shifting 
but allow input coding flexibility since they are available as 


- inverting (CD4049A) or noninverting (CD4050A) devices. The 


user can then choose betwen negative true and positive true 
binary coding. » 


REDUCED RESOLUTION APPLICATIONS 

For applications requiring less than 10 bits of resolution, all 
unused logic inputs must be tied high for proper operation (see 
Figure 8). 


TYPE “D” 
FLIP-FLOP 


*1/4 7400 


CLOCK 
OUT 


FOR CLOCK RATE = 3.5MHz C = 470pF 


Vin = 0TO +10V 
Rin = 48k 


ANALOG 

INPUT © 
MAXIMUM FULL SCALE 
SINE WAVE INPUT 
IS 4500Hz 


+15V +5V . 


ia pF 


O+6V TO +18V 


5 VOLT +10% 
REGULATOR 


V+ 


ANALOG 
OUTPUT 


-6V TO -18V O AD DAC100 


10 LOGIC INPUTS 


Voc 


LEVEL 
SHIFTING 
BUFFER/ 

CONVERTERS 


2 EACH 
CD 4049A 
OR 


LOW LEVEL 
~ TTL OUTPUTS 


CD 4050A 


"MUST BE CURRENT LIMITED TO AVOID DAMAGING 
THE LEVEL SHIFTING BUFFER. 


Figure 7. CMOS to AD DAC100 Interface ; 


+5V 


8 BIT INPUT 


Figure 8. Reduced Resolution Application 
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Figure 6. Tracking (Servo Type) A/D Converter 
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Figure 10. Analog Sum of Two Digital Numbers 


BIPOLAR REFERENCE ANALOG 


+15V INPUT INPUT 
7 7 ‘IF REQ‘D) Y 
(14) C1 )—(i6) ver 
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SCALE (15) Ri + 15V 
ADJUST 3.9Ma) 
AD 3 
z DAC100 
e 
-15V 
LSB BIT 8 
BIT 7 
BIT 6 


BIT 5 
BIT 4 


BIT 3 
BIT 2 
MSB BIT 1 
MSB BIT 1 
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SERIAL 
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+15V ee +15V 
0.01pF LT pe 


50V 35V 
ANALOG 
(7) * GROUND 
0.01p,.F 1pF 
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50V 35V 


6)-—(@)—(2) eee ee 
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Figure 11. 8-Bit Successive Approximation A/D Converter 
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DEVICES 


FEATURES 

DAC1138 

18-Bit Resolution and Accuracy (38yuV, 1 Part in 262,144) 
Nonlinearity 1/2LSB max (DAC1138K) 

Excellent Stability 

Settling to 1/2LSB (0.0002%) in 10s 

Hermetically-Sealed Semiconductors 


DAC1136 

16-Bit Resolution and Accuracy (152uV, 1 Part in 65,536) 
Low Cost © . 

Nonlinearity 1/2LSB Max (DAC1136K, L) 

Settling to 1/2LSB (0.0008%) in 6us 


DEGLITCHER IV 
Eliminates DAC Glitches 
Available on DAC1136/1138 Card-Mounted Assembly 


GENERAL DESCRIPTION 

The DAC1136/1138 are complete self-contained current or 
voltage output modular digital to analog converters with 
resolutions and accuracies of 16 and 18 bits, 


The DAC1136/1138 combine precision current sources 

with state-of-the-art steering switches to produce a very linear 
output. Inputs to these converters arercompatible with TTL 
levels. The converters have a current output of -2mA full scale. 
A voltage output can be obtained by connecting the internal 
amplifier to the current output by means of jumpers. By using 
additional jumpers, the user can select any one of the fol- 
lowing output ranges: 0 to +5V, 0 to +10V, +5V, or +10V. 


The DAC1136/1138 are available on Card-Mounted Assemblies. 


In this configuration, selectable options include: input codes, 
output amplifiers, and a high speed transient-suppressing 
Deglitcher Module, Deglitcher IV. 


WHERE TO USE HIGH RESOLUTION DACS 
The DAC1136/1138 deliver exceptional accuracy for a broad 
range of display, test and instrumentation applications. The 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 10-15. 


~ High Resolution 16- and 18-Bit 
Digital to Analog Converters 
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DAC1136 /1138 


DAC1136/38 FUNCTIONAL BLOCK DIAGRAM 


ZERO 
71 ADJUST 


70 5k SENSE 
DIVIDER 69 CURRENT OUT 


wes 68 10k SENSE 


5k 5k 


%_ 4 
V/ 
CURRENT 
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CIRCUIT REFERENCE 


PRECISION 


CURRENT 


DIVIDER feet] 


PRECISION 
CURRENT 


53 REF IN 
52 REF OUT 


LT 
48k 


49 GAIN 
48 GAIN 
47 AMP OUT 


46 BIPOLAR 
OFFSET OUT 


44 AMP IN 


0AC1136 
DAC 1138 OUTPUT 
AMPLIFIER 


*DAC1138 ONLY 


DAC1136, with a resolution of 16 bits or 1 part in 65,536, 
and the DAC1138 with a resolution of 18 bits or 1 partin — 
262,144 are ideally suited for applications requiring wide 
dynamic range measurement and control. Applications include 
data acquisition systems, high resolution CRT displays, auto- 
matic semiconductor testing, photo-typesetting, frequency 
synthesis and nuclear reactor control. 


CERTIFICATE OF CALIBRATION 

Each DAC1138 has been calibrated with equipment and 
methods that are traceable to the National Burezu of Stand- 
ards (NBS). A Certificate of Performance is sent with each 
unit, which includes 1000 hour stability data for the reference 
zener and linearity test data. 
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— SPECUFICATIONS See. 2 ceo, raat tment metre 


4‘. | DAC1136 Module  DACI138:- Module 
i | J K L J K 


RESOLUTION, BITS 


18 
ACCURACY 
Integral Nonlinearity + 1LSB max | + 1/2LSB max + 1/2LSB max + 1LSB max + 1/2LSB max 
Differential Nonlinearity + 1LSB max + 1/2LSB max + 1/2LSB max + 1LSB max + 1/2LSB max 
Gain and Offset Error (Externally Adjustable) + 1LSB , +1LSB 
ANALOG OUTPUT 
Unipolar Mode —2mAtoOmA —2mAto0mA 
Bipolar Mode —ImAto +1mA —ImAto +1mA 
Voltage Output Range (Pin Selectable) Oto +5V,0to + 10V, +5V, +10V . Oto +5V,0to +10V, +5V, +10V 
DIGITAL INPUTS | TTL/CMOS 
_ INPUT CODES 
Unipolar Mode Complementary Binary (COMP BIN) Complementary Binary (COMP BIN) 
Bipolar Mode Complementary Offset Binary (COMP OBIN) Complementary Offset Binary (COMP OBIN) 
DYNAMIC CHARACTERISTICS , 
Settling Time to 1/2LSB 
Current 
Full Scale Step 10ys 
LSB Step 8s 
Voltage 
Unipolar (10V Step) 175s 
Bipolar (20V Step) 140ys 
LSB Step 18s 
Slew Rate 2V/us 
TEMPERATURE COEFFICIENTS 
(ppm of FSR/°C)! 
Integral Nonlinearity +0.3 
Differential Nonlinearity +0.4 
Gain (Excluding Vrgr) +0.8 
Offset 
Unipolar Mode +0.5 
Bipolar Mode +] 
STABILITY, LONG TERM 
(ppm of FSR/1,000 hrs.)? 
Gain (Excluding Vrer) +2 
Offset +2 
NOISE (Include Very; Double for 
Bipolar Mode) 
Output Current(BW = 100kHz) 0.5nA rms ; 0.S5nArms 
Output Voltage (BW = 0.1-10Hz) 
(a OV(A11 1’s Code; ““ZERO’’) 4uV pk-pk 4uV pk-pk 
(a 5V(MSB = 0Code; “Half Scale”’) 6nV pk-pk 6,V pk-pk 
(a 10V (A11 0’s Code; “‘Full Scale’’) 9nV pk-pk 92V pk-pk 
Output Voltage (BW = 100kHz) 30nV rms 302 V rms 
VOLTAGE COMPLIANCE (Amplifier 
Offset, Eos) 
Max Eos Allowed for Rated Accuracy + 2mV max + 2002 V max 
Initial Eos (Factory Adj.) +100pV + 100nV 
Eos Drift + 10pV/°C ; + 10pV/°C 
Current Output (pin 69) 
Voltage Protection via Internal Schottky Diodes via Internal Schottky Diodes 
Source Resistance , 
Unipolar Mode >33kN. >33kO. 
Bipolar Mode >S5kN >5kN 
Source Capacitance 1SO0pF 1SOpF 
~ REFERENCE VOLTAGE (Veer) . 
Voltage (Zour =2002) +6.000V (Maximum Error, + 0.024V) +6.000V (Maximum Error, + 0.024V) 
Noise (BW = 0.1—10Hz) 3yn.V pk-pk 3n.V pk-pk 
Tempco Sppm/°C Sppm/°C 
POWER SUPPLY REQUIREMENTS? 
+5Vdc, +5% 9mA 9mA 
+15Vdc, +5% +30mA +30mA 
POWER SUPPLY REJECTION ( + 15V dc) 
Gain or Offset vs. FSR 80dB 80dB 
Differential Nonlinearity + 1/4LSB per Volt AVs + 1/4LSB per Volt AVs 
ENVIRONMENTAL 
Operating Temperature Oto + 70°C Oto + 70°C 
Storage Temperature — 55°C to + 85°C — 55°C to + 85°C 
Humidity 5% to 95%, Noncondensing 5% to 95%, Noncondensing 
NOTES: 


‘Temperature coefficients guaranteed maximum from 15°C to 35°C, typical from 0 to + 70°C. 
*Recommended DNL calibration check: 6 months. 
3Recommended Power Supply: Analog Devices Model 923. 


Specifications subject to change without notice. 
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4-20mA, 8- and 10-Bit 
Digital-to-Analog Converters 


ANALOG 
DEVICES 


FEATURES 

ISA $50.1 Type 3 Class U Output 
Guaranteed Monotonic 0 to +70°C 
Totally Powered From Loop Supply 
Wide Supply Range +10V to +36V 
Self-Contained Data Latch 
Auxiliary Analog Input 

No Minimum Load Requirement 


APPLICATIONS 

Direct Digital Controllers 

Computer Based Process Control Systems 
Digital Pressure Transducers 


GENERAL DESCRIPTION 

Models DAC1420/1422 are 8/10-bit D/A converters with 
analog output in the form of a 4-to-20mA current source. 
Specifically designed for the process-control industry, and 
requiring but a single +10V to +36V power supply, they meet 
the requirements of ISA standard $50.1 for Type 3 Class U 
(3-wire nonisolated) output. Included in the 2” X 2” X 0.4" 
module are a set of CMOS latches, an 8/10-bit CMOS DAC, 
two analog-to-current converters—one reflecting the translated 
output from the DAC, the other an auxiliary backup analog 
input—a current amplifier, and a regulator & reference. The 
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DAC1422 FUNCTIONAL BLOCK DIAGRAM 
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DAC1422 Block Diagram shows the basic connections and 
operation of the devices with an external loop supply and a 
remote load, Ry, supplied via a twisted pair. 

HOW LOOP DACS WORK 

The Loop DAC Block Diagram is a more-detalied version of 
the DAC1422 Block Diagram, showing some of the options 
available to the user in applying the DAC1420/1422. The basic 
digital-to-analog conversion is performed by a circuit employ- 
ing an Analog Devices CMOS integrated-circuit multiplying 
DAC. Its output is a voltage, which is converted to a 4-to- 
20mA output current by a V-to-I converter circuit. 


+1 To +5V 


CONTROLLER 
POT(R2) > 
BACK UP 
ANALOG & 


SET POINT 
SELECT 


R4 1kQ 


LOOP 
POWER IN 


LOOP DAC 
OUTPUT 
CURRENT 
| 


OPTIONAL 
BACK UP 
ANALOG 

SET POINT 

+1V TO +5V 


DIGITAL 
GROUND 


LOOP DAC FUNCTIONAL BLOCK DIAGRAM 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 10-23. 
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SPECIFICATIONS — 


(typical @ +25°C, VLOOP = +24 volts unless otherwise specified) 


MODEL | DAC1420 . DAC1422 
DIGITAL INPUTS 
Resolution «8 Bits - 10 Bits 
Levels | 
(Except “ANA/DIG") CMOS Vpp =5V * 
“1” = >3.3V @ 1uA * 
“0” = <1.7V @ 1A * 
ANA/DIG Input 
Impedance 12k02 * 
i Oa 1" = >2.4V @ 140NA « 
9” “0” = <0.7V @ OWA * 
Latch Strobe Rising Edge Sensitive * 
Tpy (Data Hold) Ons (min) * 
Tps (Data Set-Up) 50ns (min) * 
ANALOG OUTPUT 
Type ISA S50.1 Type 3 Meets 
and Exceeds Class U + 
Nominal Range 4-20mA + 
Compliance VLoop -6V * 
Output Impedance >4MQ @ de * 
Minimum Load 02 * 
STABILITY AND ACCURACY 
Monotonicity . Guaranteed, 0 to +70°C * 
Integral Nonlinearity +1/2LSB * 
Differential Nonlinearity +1/2LSB :* 
Temperature Stability 
Offset 25ppm FSR/°C * 
Span 50ppm FSR/°C * 
Adjustability +10% each, Offset 
and Span. * 
Initial Error, Untrimmed! +2LSB’s each, Offset 
and Span : 
Power Supply Rejection 20ppm FSR/V * 
Noise, 10Hz to 100Hz? 4mV p-p : 
ANALOG BACKUP INPUT 
Range® 1-5V * 
Gain 4mA/Volt (1-5V produces * 
4-20mA) * 
Accuracy +3% * 
Stability +100ppm FSR/°C * 
Input Impedance 10°Q : 
POWER 
Loop Supply, minimum +10V * 
maximum +36V : 
Supply Current lout +30mA * 
ENVIRONMENTAL 
Operating Temperature 0 to +70°C * 
Storage Temperature -25°C to +85°C * 
SIZE 2" X 2" X 0.4" + 


NOTES 
1 Both offset and span error are adjustable to zero. 


2 Load = 7502|| 1,000pF. 
* This input should not exceed +5.5V and should be grounded if not used. 


*Specifications same as DAC1420. 
Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 


eee (51.1) MAX——o| 


| (10.4) 
MAX 
0.019 (0.48) DIA | 
[_ 0.2 (5.1) MIN 
A 
a 
SEeeeeeeEEn “4 
rt ae 
D, 
». 
D, 
ra x} 2.01(51.1) 
MAX 


| 
BOTTOM VIEW 
bg 0.1 (2.54) GRID 


NOTE: 
Module Weight: 1.6 ounces 
(45 G) 
*Pins 12 & 13 appear on DAC1422 
only. 


NOMINAL CURRENT 
DIGITAL INPUT OUTPUT 


Binary Code 
1111111111 
0000000001 
0000000000 


+19.984mA 
+ 4.016mA 
+ 4.000mA 


Table 1. Nominal Input-Output Relationships 


DAC1423: ISO-DAC™ 


For applications in hostile environments, 
where ground loop elimination is required, 
consider Analog Devices model DAC1423. 
This isolated 10-bit 4-20mA DAC offers 
the following: 


* High Voltage Protection (1500V dc) 
* 8-and 10-bit Bus Compatibility 

* Fail Safé Design 

* Increment/Decrement Back-Up 

* Bumpless Transfer 


ANALOG 
DEVICES 


FEATURES 

3-Port Galvanic Isolation 

Guaranteed Monotonic 0 to +70°C 
Microprocessor Compatible Interface 
Increment/Decrement Backup Control 
May be Powered from Loop Supply 
Low Power: 450mW typ 

Output Will Drive 022 Loads 

Bumpless Transfer, Auto to Manual 


APPLICATIONS 

Direct Digital Controllers 
Ground Loop Elimination in Industrial and Process Control 
High Voltage Protected Data Acquisition Systems 

Digital Pressure Transducers 

Driving Analog Recorders 


GENERAL DESCRIPTION 

Analog Devices’ ISO-DAC™ (ISOlated Digital-to-Analog Con- 
verter) model DAC1423 is a low power 10-bit DAC with 
4-20mA current output, designed specifically for the process 
and industrial control industry. Its advanced features and 
excellent performance make for easy application within new 
and existing control systems. The DAC1423 contains a CMOS 
holding register, allowing direct interface with microprocessors, 
CMOS digital-to-analog converter, voltage-to-voltage isolator 
and a voltage-to-loop current converter. The small size and low 
profile (2” X 4” X 0.4") allows much greater functional density 
than previously available solutions, 


DESIGN FEATURES AND USER BENEFITS 
Microcomputer Interface: The parallel digital interface is a 5V 
CMOS design with independently controllable input latches 
and Tri-State* buffers, split into upper and lower sections (an 
8-bit and a 2-bit byte) so that 8- or 16-bit bus compatibility 
may be achieved. 


True 3-Port Isolation: The output connections and power con- 
nections are galvanically isolated, both from each other and 
from the digital section. Each will accommodate a wide range 
of power supply voltages and may be operated from the same 
supply, if desired. 


Increment/Decrement: Increment/decrement control is 
achieved via the input latch/counter. An internal slow speed 
clock is supplied for this operation. Overflow/underflow lock- 
out circuitry is used to prevent full scale ‘‘bumps” from 
occurring. 


*Tri-State is a trademark of National Semiconductor Corporation. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 10-27. 


- 4-20mA, 10-Bit, Isolated 


Digital-to-Analog Converter 


DAC1423 FUNCTIONAL BLOCK DIAGRAM 


DATA BUS 


WRITE 
10-BIT DATA 


3-STATE 
~ QUTPUTS 


INPUT LATCHES 


(COUNTER) LATCHED DIGITAL DATA 


CARRIER 
POWER 


+Vs Vs 
14V TO 36V COM 


SYNC IN 
4-TO-20mA 
CURRENT 


MODULATED 
CARRIER 
rs 
SOURCE 
|S oY 


lout 
4-TO 20mA 
15,625, A/B81T 
NOMINAL 


Adjustable Offset and Span: The ISO-DAC has offset and span 
accuracies of +2LSB’s (+0.2% FSR) each. However, if the user 
desires adjustable offset and span, there are provisions for 
+10% adjustment range for each. 


SYNC OUT 


+VLooP LOOP 
12V TO 36V COM 


High CMV Isolation: The isolation barriers will withstand 
1.5kV de continuously, or 1kV rms @ 60Hz for 60 seconds. 
The ISO-DAC is designed to meet the IEEE Standard for 
Transient Voltage Protection (472-1974: Surge Withstand 
Capability). Common Mode Rejection is excellent; typically, 
103dB @ 60Hz for a 25022 load. 


Synchronized: The ISO-DAC may be synchronized to an ex- 
ternal system clock, multiple DAC1423’s may be on synchro- 
nized to one another. In the event of loss of external sync, the 
DAC1423 will ‘free run”’ on its own oscillator. 


Isolated Power Out: An internally derived +5V supply is 
brought out so that the user may power a small amount of 
application circuitry from the DAC1423’s power supply. : 


ISA-S50.1: The three terminal output structure conforms to 
the Instrument Society of America Standard ISA-S50.1, 
“Compatibility of Analog Signals for Electronic Industrial 
Process Instruments.”’ 
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~ SPECIFICATIONS | (typical @ +25° C, ee +24 volts unless otherwise specified) 


MODEL DAC1423 OUTLINE DIMENSIONS 
DIGITAL INPUTS | Dimensions shown in inches and (mm). 
Resolution 10 Bits 
Levels, CMOS Vpp = 5V “1 = >3.3V @ 1A te sia at 
“Oo” =<1.7V@ WA oe 
Strobe. Level Sensitive L hae 
ANALOG OUTPUTS | “t 
Type ISA S50.1 Type 3 MECTS or ecenain 
Exceeds Class U 
Nominal Range 4-20mA 
Compliance VLoop -6V 
Output Impedance > 4MQ @ de 
Minimum Load | 02 


Maximum Load 
Maximum Capacitive Load 


STABILITY AND ACCURACY 


(VLoop -6V/IouT) 
Unlimited 


Monotonicity Guaranteed, 0 to +70°C 
Integral Nonlinearity +1/2LSB fon 4} 
Differential Nonlinearity | +1/2LSB — 
Temperature Stability 
Offset | 50ppm FSR/°C 
Span 50ppm FSR/°C 
_ Adjustability +10% each, Offset and Span 


Initial Error, Untrimmed! 
Power Supply Rejection 


+2LSB’s each, Offset and Span 
20ppm FSR/V 


Noise, 10Hz to 100Hz? 0.1LSB i 
Warm Up Time to Rated Accuracy 5 minutes Pest se : 
; het siaeioe fre dal lel ne) 
Warm Up Drift 0.5LSB IeCvaeCeCSsCS Suma wae 
BOTTOM VIEW 
ISOLATION | a} /— 0.1 (25) GRID 


NOTE: 
TERMINAL PINS INSTALLED ONLY IN SHADED HOLE LOCATIONS. 
MODULE WEIGHT: 60.8G 


Max CMV, Inputs to Outputs 
ac, 60Hz, 1 minute 1000V rms 
dc, Continuous 1500V dc 
CMR, Inputs to Outputs, 60Hz, Ry = 25022 103dB 


POWER 


Loop Supply Range 12—36V d¢ 
Loop Supply Current four * 2ma PIN DESIGNATIONS 
Power Supply Range 14—36V de 
3 
5 OWE! SUPE y Current mail [ew [ runerion om [roncrion 
ENVIRONMENTAL ee Me 
Operating Temperature 0to +70°C ae ie 
Storage Temperature -25°C to +85°C 5 | NC SYNC IN 
6 +ViLoop +V POWER 
NOTES: 7 | N SYNC OUT 
* Both offset and span error are adjustable to zero. : an COMMON 
? Load = 7502|| 1,000pF and slow clock disabled. | NC 
* The DAC1423 can be entirely powered from the loop supply. NE 


NC 
WIDE SPAN NC 
ttc & . : SAG PRECISION SPAN NC 
Specifications subject to change without notice. Wace NC 
WIDE OFFSET NC 
PRECISION OFFSET NC 
SPAN COMMON NC 
DIGITAL COMMON' NC 
+5Vout DIGITAL COMMON’ 
LOAD HIGH CLOCK IN 
LOAD LOW LSB OUT 
NC BIT 9OUT 
LSB IN BIT 8OUT 
NC BIT 70UT 
BIT QIN BIT 6 OUT 
BIT 8 IN BIT 5OUT 
uP/ON READ HIGH 
BIT 7 IN READ LOW 
BIT 6 IN BIT 4OUT 
BIT 5 IN BIT 30UT 
BIT 41N BIT 20UT 


BIT 3 IN MSB OUT 

BIT 2 IN CLOCK OUT 

MSB IN Cr 

CLEAR DIGITAL COMMON' 


‘PINS 19, 37 and 53 ARE INTERNALLY CONNECTED. 
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ANALOG 
DEVICES 


FEATURES 
@ Ultra Fast 10ns Settling Time to 0.2% (HDD-0810) 
15ns Settling Time to 0.1% (HDD-1015) 
@ Internal Monolithic Reference 
@ Low 200pV-sec Glitch Energy 
@ Single -5.2V Power Supply 
@ Available Screened to MIL-STD-883 
@ Designed for General Output Compatibility with EIA 
Standards RS-170 and RS-343, including 10% Brightness 
® Complete Composite Inputs (HDD-0810C, HDD-1015C) 


APPLICATIONS 

@ Raster Scan and Vector Graphic Displays 

@ TV Video Reconstruction 

@® Ultra Fast Current or Voltage Output DAC for Use in 
Analytical Instrumentation 

@ Digital VCOs 


GENERAL DESCRIPTION 

The HDD-0810 and HDD-1015 combine state-of-the-art tech- 
nology with the latest active laser trimming techniques to 
achieve the world’s fastest 8- and 10-bit voltage output digital- 
to-analog converters of their type. 


Containing input registers and an ultra stable monolithic in- 
ternal reference, the HDD-0810 8-bit D/A converter settles to 
within 0.2% in 10ns, while the 10-bit version HDD-1015 set- 
tles to within 0.1% in only 15ns. They are compatible with 
standard ECL logic levels. The 7582 output impedance allows 
them to drive 7522 cables or filters directly, without costly 
external output drivers. This feature assures that a full one 
volt is available at the load, since the D/A output is a mini- 
mum of 27mA (HDD-1015). Additionally, these D/As are 
monotonic over the full operating temperature range of -25°C 
to +85°C (metal case versions), or 0 to +70 C for the com- 
mercial style glass-ceramic package, and require only a single 
-5.2V supply for operation. 


The HDD-0810C and HDD-1015C combine all of the above 
features with full composite input capability, which allows 
operation directly with raster scan/output video display sys- 
tems. These controls include Composite Sync, Blanking, Setup 
and a 10% Brightness input which gives the user digital control 
of the picture’s intensity. Further, the HDD Series D/A con- 
verters contain provisions for external adjustments to optimize 
differential phase and gain, critical considerations in composite 
color video applications. 


The industry standard 32-pin dual in-line packages are avail- 
able in either ceramic/glass cases for commercial applications 
or hermetically sealed metal cases for military type applica- 
tions. They are available screened to MIL-STD-883. 


HDD Series 
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ey 


Hybrid Video 
Low Glitch D/A Converter 
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“ 
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HDD-0810C, HDD-1015C FUNCTIONAL BLOCK DIAGRAM 


COMPOSITE 
SYNC 


DEGLITCH BIT 1 


DEGLITCH BIT 2 
DEGLITCH BIT 3 

REFERENCE = 0 
WHITE 


BIT 1 

BIT 2 — E 

on Gael 

BIT 4 

BITS ECL 

Aine pe REGISTER 

BIT7 OUTPUT 
CURRENT 

BIT 8 CONTROLLED 

BY 
BIT9 DIGITAL 
; INPUT 


REFERENCE } » 


BLCK 
COMPOSITE 


BLANKING 
SETUP 


10% BRIGHT (28) 


GLITCH ADJUST 


HDD-0810C 
HOD-1015C CURRENT SWITCH 


ACCURACY — % OF FULL SCALE 


SETTLING TIME — ns 


TIME IS MEASURED FROM 50% TRANSITION POINT OF THE STROBE WITH 
INPUT DATA LINES DESKEWED AND 752 LOAD. VOLTAGE OUTPUT. . 
INHERENT DELAY OF INTERNAL REGISTER (3ns) 

HAS BEEN DISREGARDED. 


HDD Series D/A Converters Accuracy vs. Settling Time 


~., 
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SPECIFICATIONS (typical @ +25°C will nominal “awe supplies and 752 output load unless otherwise noted) 


MODEL UNITS HDD-0810 HDD-0810C HDD-1015 HDD-1015C 
RESOLUTION FS = FULL SCALE Bits _ 8 8 10 10 
LSB WEIGHT (Current) A 106 67 27 17 
CSB WEIGHT (Voltage) mV 4 2.5 i 0.625 
ACCURACY! +% of FS 0.1 0.05 
+% of GS 0.1 0.05 
Linearity +A 26.5 17 13 8.5 
Monotonicity Guaranteed . : 7 
Zero Offset (Initial) mV -1.4 : i 7 
TEMPERATURE COEFFICIENTS 
Linearity ppm/°C 5 ‘ i . 
Zero Offset ppm/°C 1 7 r e 
Gain ppm/°C 80 i « * 
STROBE INPUT 
Logic Compatibility ECL . : * 
Logic Voltage Levels ‘‘1”’ = 4 -0.9 ; i“ ; 
(Positive Logic) ‘‘0” = Vv -1.7 i . 
Logic Loading 5OpF and 5kQ2 
to -5.2V i . id 
Set-Up Time (Data) ns 2.5 min ‘ 7 " 
Hold Time (Data) ns 1.5 min ud a 
Propagation Delay ns 3 : . 
REFERENCE BLACK AND 
REFERENCE WHITE INPUTS? See Note 2 4 i . 
Logic Compatibility ECL . , : 
_ Logic Voltage Levels ‘1’’ = Vv -0.9 i . . 
“or = V =1.7 > ™ . 
Logic Loading 5OpF and 5kQ SpF and 50kQ22 SOpF and 5k82. ss 5pF and 50kQ2 
* * 


fee to -5.2V * 
DATA INPUTS 


Logic Compatibility ECL , . i 
Logic Voltage Levels ‘1” = Vv -0.9 : . 
(Positive Logic) “0” = Vv -1.7 . i 7 
Logic Loading 5pF and 50k{2 : . . 
(Each Bit) to -5.2V 
Coding (See Table) Complementary Binary 
CBN) , * * 
COMPOSITE SYNC INPUT | 
Logic Compatibility N/A ECL N/A ECL 
Logic Voltage Levels “1” = Vv N/A -0.9 N/A -0.9 
“QO” = V N/A cy a N/A ~1.7 
Logic Loading for Logic ‘‘1”’ N/A SpF, +7.6mA N/A SpF, +7.6mA 
Logic “oO” N/A SpF, -50uA N/A SpF, -SOQuUA 
COMPOSITE BLANKING AND 7 | 
10% BRIGHT INPUTS 
Logic Compatibility N/A ECL N/A ECL 
Logic Voltage Levels “1” Vv N/A -0.9 N/A =0:9 
“0” V N/A -1.7 N/A -1,7 


Logic Loading 5pF and 50k22 5pF and 50k22 


SETUP CONTROL 


Ground mV O (OIRE Units) * ? * 
Open mV 71 (10 IRE Units) sf " - 
=5 ZN. mV 142 (29 IRE Units) * * * 
OUTPUT? 
Current mA 0 to -27.2 0to-17 0 to -27.3 0 to -17.05 
Voltage* V (41%) 0 to -1.020 0 to -0.6375 0 to -1.023 0 to -0.639375 | 
Compliance Vv +1.1to-1.1 bs ni is 
Internal Impedance $2 (+5%) 75 7 = . 
OUTPUT — COMPOSITE SYNC 
Current mA (+5%) N/A 0 or -7.6 N/A 0 or -7.6 
Voltage mV (+5%) N/A O or -286 N/A Oor-286 | 
OUTPUT — 10% BRIGHT 
Current mA (45%) N/A 0 or -1.9 N/A Oor-1.9 
Voltage mV (£5%) N/A 0 or -71 N/A 0 or -7.1 
OUTPUT — COMPOSITE 
BLANKING® 
Current mA (41%) N/A 0,-17.0,-18.9, or -20.8 N/A 0, -17.05, -18.95, or -20.85 


0, -637.5,-708.75 or-780 N/A 0, -639.4, -710.6, or -781.9 


Vogl 
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MODEL UNITS HDD-0810 HDD-0810C : HDD-1015 HDD-1015C_ | ae een ee 


SPEED PERFORMANCE — FULL 
SCALE OR GRAY SCALE OUTPUT 


Settling Time (Voltage)® ns(to%FS) 10 (0.2) 15 (0.1) 

or (to % GS) 10 (0.2) 15 (0.1) 
Slew Rate V/s 200 . ‘ a 
Update Rate’ MHz 100 100 67 67 
Rise Time ns 4 : . = 
Glitch Energy® pV-s 200 i * . 


ber oO-sy ol od aN SY O03 7 n't > 3 Wy 7 al 7 ee 
SPEED PERFORMANCE — 


CONTROL INPUTS 
Settling Time to 10% of 
Final Value for: 


Composite Sync ns N/A 10 N/A 10 
Composite Blanking ns N/A 10 N/A 10 
Reference White ns N/A 10 N/A 10 
Reference Black ns N/A 10 N/A 10 
10% Bright ns N/A 10 N/A 10 
POWER REQUIREMENTS 
-5.2V +0.25V mA 380 390 450 450 
Power Supply Rejection Ratio %/% 0.04 : : . 
Reference Monolithic, Internal r ‘ bs 
TEMPERATURE RANGE ? 
Operating, Glass Case °C Case 0 to +70 * bg = 
Operating, Metal Case (‘‘M”’) °C Case -25 to +85 . i i 
Storage =C -55 to +125 : : : 
MTBF? . . 
Mean Time Between Failure hours >300,000 
RE Ae RATT Oe een 
PACKAGE OPTIONS! HY32A (glass package) HY 32C (metal package) | 
NOTES: 


* Accuracy is relative to full scale (FS) for binary versions. or relative to gray scale (GS) for Composite (‘‘C’’) versions, and includes linearity. 
? Reference White on models HDD-0810, -1015 a logic “1” on Pin 30 Reference Black will produce all 0" code 0 volts output; a logic 1” 
on Pin 29 Reference White will produce all ‘'1" code -1 volt output. 
On models HDD-0810C, 1015C a logic “0” on Pin 30 Reference Black will drive the output to reference 
black level of -643mV; a logic ‘‘O” on Pin 29 Reference White will drive the output to reference white 
level of O volts absolute. qe 
*The output is shown for full scale (FS) for binary versions, and for full gray scale (GS) for Composite (‘‘C”) versions. 
“The difference between the full-scale output of 637.5mV and 643mV shown elsewhere herein is due to the fact that we selected an LSB 
value of 2.5mV for ease of calibration. These differences are well within the output and EIA standard RS-170 tolerances. 
The three currents and voltages correspond to the three set-up levels of 0, 10, and 20 IRE units as externally selected. 
* Worst case settling time includes FS and most significant bit (MSB) transitions, The inherent 3ns proposition delay through the input 
registers (50% point of Strobe to 50% point of register output) has been disregarded. Settling time to a percentage of FS is given 
for straight versions, and settling time to a percentage of maximum gray scale (GS) is given for composite video output (‘‘C’’) versions. 
7 The update rates shown are. limited by a full scale settling time that is useable for the number of bits of resolution. Both DACs may be 
operated up to 125MHz with settling time degradation. This is the limit of the logic switching speed. 
* Reducible to less than 100pV-s with appropriate deskewing of digital inputs. See Applications Section. 
* Calculated for HDD-1015CMB using MIL Handbook 217. Ground: Fixed Temperature Case = 60°C. 
'° See Section 20 for package outline information. 
*Specifications same as for HDD-0810. 


Specifications subject to change without notice. 


PIN DESIGNATIONS 


PIN FUNCTION 


GROUND 
DEGLITCH BIT 1 
BIT 1 (MSB) 

BIT 2 
DEGLITCH BIT 2 
DEGLITCH BIT 3 
BIT3 

BIT 4 

BITS 


2. To order devices screened to MIL-883B requirements, add re 


“MB” suffix to part number. ait 7 
BIT 8 


BIT 9 
Example: HDD-0810CMB Seca 

GROUND 

-5.2V 

GROUND 

GROUND 

GROUND 

GROUND 

GROUND 

OUTPUT 

GLITCH ADJUST 

COMPOSITE SYNC 

SETUP 

COMPOSITE BLANKING 

10% BRIGHT 

REFERENCE WHITE 

REFERENCE BLACK 

GROUND 

-5.2V 


ORDERING NOTES 
1, To order devices with hermetically sealed metal cases, add 
““M”’ suffix to part number. : 


On ane Wn — 


ON THE HOD-0810 AND HOOD-0810C, PINS 14 AND 15 
ARE NOT USED, AND PIN 13 IS THE LSB. ON THE 
HD0-0810 AND HOD-1015, PINS 25, 27, AND 28 ARE 
NOT USED. ALL GROUND PINS (1, 16, 18-22, 31) 
ARE CONNECTED INTERNALLY. 
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” APPLICATIONS INFORMATION 


HIGH-SPEED LOW-GLITCH OPERATION SUGGESTIONS 
The HDD Series D/As offer the highest available speed. How- 
ever, with this speed performance, certain precautions and 
operation conditions should be considered. 


1, 


The D/A converter should be provided with a very low 
impedance grounding system to very high frequencies. A 
large ground plane is a must. | 


. Low frequency bypassing should be provided with a 1uF 


(or larger) tantalum capacitor mounted between the -5.2V 
supply line and ground near the D/A. 


. High frequency bypassing should be provided by ceramic 


capacitors of 0.1uF or larger mounted within 0.25 inches 
of Pins 17 and 32 to ground (see Figure 1). 


. The threshold of the internal current switches can be opti- 


mized for low glitch energy by the addition of an external 
potentiometer connected to Pin 24 of the D/A (see Fig- 
ure 1). This potentiometer is adjusted for minimum glitch 
energy as shown in Photo 2. 


If required, variable capacitors can be added to ‘‘deskew”’ 
the most significant bits for lowest glitch—although this is 
not usually required in many applications. These capaci- 
tors are added as shown in Figure 1 (C1-3). They are ad- 
justed in conjunction with the glitch adjust pot for mini- 
mum glitch energy as shown in Photo 2. 


In composite television applications, C1-3 are adjusted for 
best differential phase performance, and the glitch adjust 
is adjusted for best differential gain performance. These 
may tend to interact, so going back and forth between 
adjustments may be required. 


. Standard 32-pin sockets should be avoided, Individual 
“‘pin sockets” are most suited for evaluating devices, as 


lead inductance is reduced. In final designs, the D/As 
should be soldered directly into the printed circuit 
board without sockets. 


GAIN ADJUSTMENT 
The HDD Series D/As are actively laser-trimmed to provide a 


C1 
DEGLITCH BIT 1 
c2 5 


DEGLITCH BIT 2 
7 BIT 1 (MSB) ar; re iets : 7 
Cea aE mee 

BIT 2 
BIT3 eet tae, 
BIT 4 ei 
BIT 5 hae 
BIT 6 Gather 
BIT7 Gites: 
BIT 8 ne 
BIT9 Gta, 


GLITCH 
ADJUST 
Wel 


" 2k GAIN POT 
IF REQUIRED 


BIT 10 i 
STROBE 
REFERENCE 
WHITE 
REFERENCE 
BLACK 
COMPOSITE 
SYNC 
COMPOSITE 
BLANKING R16 
Geter 
10% BRIGHT 
NOTES: 
C1=ERIE 538-002F, 15-60pF (OR EQUIV) = -5.2V 
C2, C3=ERIE 538-002D, 9-33pF OR EQUIV V 
C4=100uF TANTALUM 


CS, C6=0.1uF CERAMIC 
R1-R10, R12-R16=2K 1/4W, 5% 


Figure 1. HDD-0810, HDD-1015C Typical Hook-Up Circuit 


ULTRA-LOW GLITCH OPERATION 

For extremely low glitch requirements (<50 - 100pV-s), an 
HTS-0025 Track-and-Hold is recommended as a deglitcher (see 
Figure 2). The duration of the HDD Series D/A glitch is ap- 
proximately 10ns. The hold time of the HTS-0025 should be 
at least 15ns to “mask out” the glitch. The minimum acqui- 
sition time of the HTS-0025 for 0.1% accuracy is 30ns. This 
implies that the circuit of Figure 2 can be operated up to 
22MHz and still maintain 10-bit accuracy. For 0.2% accuracy, 
the acquisition time for the T&H can be reduced to 25ns, 
allowing the circuit to operate to 25MHz. This discussion 
assumes that the D/A will be required to slew full scale (one 
volt) between adjacent samples. In practice, the sample-to- 
sample variation is less than full scale depending on the 
amount of oversampling. In a practical situation, therefore, 
10-bit accuracy should be achievable at 25MHz update rates. 


1, 16, 18 - 22, 31 


COMPOSITE CONTROLS IN 


voltage into exactly 752 which is an even binary multiple; 
i.e., the HDD-0810 has an LSB of 4mV and the HDD-1015 


has an LSB of 1ImV. This makes the full-scale output slightly 
greater than one volt. If an output of exactly one volt is re- 


quired—such as for TV reconstruction—a 2k potentiometer 


may be placed across the output of the D/A for gain adjust- 


ment. For a one volt output, the adjusted value of this pot 
will be about 15002 (see Figures 1 and 5). 
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HDD SERIES 
D/A CONVERTER 


8 OR 10-BIT 
DIGITAL INPUT 


HTS.0025 OUTPUT 
TRACK AND HOLD [94 


HOLD 


STROBE 


U1 = 10102 ECL 10k 


HOLD 
. "HOLD 

TIMING 

TIN As TRACK 


0 20 50 70 


CLOCK 
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Figure 2. HTS-0025 Track and Hold Used as a Deglitcher 
(Update ~ 20MHz) 
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CHARACTERISTICS OF HDD-1015C (o810¢] VIDEO DACS 


COMPOSITE. VIDEO SIGNAL 
1024 [256] gray levels plus blanking and syne levels 


STEP SIZE 
0.625mV [2.5mV] | 


GRAY SCALE RANGE 
0.643V Peak to Peak 


SETUP CONTROL 
User programmable in three levels 


mV IRE Units 


1. Input Grounded 0 0 

2. Input Open 71 10 

3. Input @ -5.2V 142 20 
REFERENCE WHITE LEVEL 

OV Absolute 


100 IRE Units (+0.714V relative to blanking level with 
standard setup; +0.643V relative to Reference Black) 


DIGITAL INPUT FOR WHITE LEVEL 
All ones (1111111111) 


REFERENCE WHITE/BLACK CONTROLS! 
Overrides Video Input Word 
A logic 0 on Pin 30 (reference Black) will drive the output 
to reference black level of -643mV. 
A logic 0 on Pin 29 (Reference White) will drive the. out- 
put to reference white level of 0 volts absolute. 


REFERENCE BLACK LEVEL 
-0.643V Absolute; +71mV (10 IRE Units) © 
Relative to blanking level with standard setup. 


DIGITAL INPUT FOR REFERENCE BLACK 
All zeroes (0000000000) 


COMPOSITE BLANKING LEVEL 
-0.714V Absolute, (0 IRE Units) with standard setup. 
COMPOSITE BLANKING INPUT - PIN 27! 
Logic 0 on Pin 27 resets input register to 0000000000, 
and causes output voltage to go negative by the amount 
of setup voltage with respect to the all “0” output voltage. 


COMPOSITE SYNC LEVEL 
-1.0V Absolute with standard setup. 
-0.286V (-40 IRE Units) relative to blanking level 
(Back Porch). 


COMPOSITE SYNC INPUT - PIN 25 
Logic 0 resets input register to 0000000000, and the 
output voltage goes negative by 0.286V. 


10% BRIGHT - PIN 28 
Logic ‘‘0”’ causes output voltage to go positive by 71mV. 


STROBE - PIN 10 
Logic “‘0”’ to Logic “1” transition clocks input register. 
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DEFINITION OF VIDEO TERMS 


BLANKING LEVEL 
The level separating the SYNC portion from the Video 
portion of the waveform. Usually referred to as the 
Front Porch of Back Porch. At O IRE Units, it is the 
level which will shut off the picture tube, resulting 
in the blackest possible picture. 

COLOR VIDEO (RGB) 
This usually refers to the technique of combining the 
three primary colors of Red, Green, and Blue to produce 
color pictures within the usual spectrum. In RGB moni- 
tors, three HDD “‘C”’ Series DACs would be required, 
one for each color. 


COMPOSITE SYNC SIGNAL (SYNC) 
The position of the composite video signal which syn- 
chronizes the scanning process. 


COMPOSITE VIDEO SIGNAL 
The video signal with or without setup, plus the com- 
posite SYNC signal. 


GRAY SCALE 
The discrete levels of video signal between Reference 
Black and Reference White levels. A 10-bit DAC con- 
tains 1,024 different levels, while an 8-bit DAC con- 
tains 256. 


RASTER SCAN 
The most basic method of sweeping a CRT one line at a 
time to generate and display images. This method is 
used in commercial television in the USA. 

REFERENCE BLACK LEVEL 
The maximum negative polarity amplitude of the video 
signal. 

REFERENCE WHITE LEVEL 
The maximum positive polarity amplitude of the video 
signal. 

SETUP . 
The difference between the Reference Black level and the 
blanking level. This should not be confused with setup as 
used with digital logic. 

SYNC LEVEL 
The peak level of the composite SYNC signal. 


VIDEO SIGNAL 
That portion of the composite video signal which varies 
in gray scale levels between Reference White and Refer- 
ence Black. Also referred to as the picture signal, this is 
the portion which may be visually observed. 


NOTES: 


. | Reference White (Pin 29) should not be activated at the same time as 


composite blanking (Pin 27) or Reference Black (Pin 30). 


_——— ee 10% BRIGHT LEVEL 


RR ee ey ek CR ee ee re Se) REFERENCE WHITE 


LEVEL (Vrw) 


GRAY SCALE 
ENERATED BY 
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. REFERENCE BLACK 


—— | LEVEL (Vyp) 


—— COMPOSITE BLANKING 
LEVEL (Vp) 


SYNC LEVEL (Vs) 


nS i o VIDEO a | 
PORTION 100 IRE UNITS = 714mV 


. Figure 3. HDD-0810C, HDD-1015C Output Waveforms 
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DEGLITCH BIT 3 
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GLITCH ADJUST (24) 


Photo 1. Full Scale Rise Time vs. Strobe 


Figure 4. HDD-0810; HDD-1015 Block Diagram 
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AnENOT UaED HDD-0810C, HDD-1015C Output Waveform 
Figure 5. HDD-0810, HDD-1015 Typical Hook-Up Circuit 


ANALOG OUTPUT WITH 750 LOAD 


HDD-1015 


HDD-1015C 


Digital Input 


111...111 0 0 
111...110 -2.5mV -lmV -0.625mV 
110... 000 -157.5mV -255mV -159.375mV 
101...111 -160mV -256mV -160mV 
100...111 -317.5mV -511mV -319.375mV 
011...111 -320mV -512mV -320mV 
010...000 -477.5mV -767mMV -479.375mV 
001...111 -480mV -768mV -480mV 
000...001 -635mV -1022mV -638.75mV 


-637.5mV -1023mV -639.375mV 


Coding Table 
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ANALOG = §s—=_—Cs«si2 Bit Deglitched 
DEVICES _— Voltage Out D/A Converter 


HDD-1206 


FEATURES ~ | | . HDD-1206 FUNCTIONAL BLOCK DIAGRAM 
@ Registers, D/A, Amplifier in Single Hybrid 
e Deglitched Voltage Output 


@ 6MHz Update Rate a es 

@ Available with 883 Screening BIT 3 

APPLICATIONS ae 

e Vector Scan Displays BIT 7 5 

@ Analytical Instrumentation | ar Qo 

e Digital VCOs or» 

@ Military Systems oor a 
} BIT 12 (LSB) om 

STROBE (32) 
HOLD ADJUST i) ue ene 
TEST POINT ou : 

GENERAL DESCRIPTION . PIN DESIGNATIONS 
The Analog Devices HDD-1206 D/A converter combines in- HDD-1206 


novative design techniques with remarkable hybrid construction 
to achieve deglitched voltage outputs at digital update rates as 
high as 6MHz. | 


Despite its small size and low power, the HDD-1206 provides 
the user with a complete solution to demanding applications 
which require the conversion of high-speed digital inputs into 
deglitched analog output voltages. 


The unit is housed in an industry standard 32-pin hybrid and 
contains all the necessary circuit components to provide analog 


outputs at high update rates without the need for designing 
external circuits. Input registers, current-output D/A, deglitching 
circuits, and an output amplifier are all included inside the 

HDD-1206. 

With the deglitching problem solved in a single package, the 


user of the HDD-1206 is able to incorporate the solution into 
his system with a minimum of design effort. User involvement 
is limited to the simple task of establishing the “hold” time for 
an optimum value by selecting the correct resistor value. 


After that step is accomplished, the addition of a low-pass filter 
at the output of the D/A assures a “‘clean” voltage representation 
‘of the 12 bits of digital information applied to the inputs at 
video update rates. 


The HDD-1206 is available in 32-pin dual in-line packages in 
either glass or metal. For applications which require military 
processing of hybrids, the HDD-1206 D/A converter can be 
specified with processing per MIL-STD-883, Method 5008. 
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ar: 


a 


Model 


Parameter MIN 
RESOLUTION 


“LSB WEIGHT (FS = 10.24V) 


ACCURACY (Including Linearity) 
Linearity 
Zero Offset! (Initial) 
Monotonicit 
TEMPERATURE COEFFICIENTS 
Linearity 
_ Gain 
Offset 


DYNAMIC CHARACTERISTICS? 
Settling Time to '“2LSB 
+5§.12V FS Change 
1LSB Change 
Internal Current D/A 
Slew Rate 
Small Signal Bandwidth (3dB) 
Gain 
DIGITAL DATA INPUTS 
Logic Compatibility 
Logic Levels 
sg ie +2.4 
“Qo” 0 
Load (each bit) 
Coding (see Table on last page) 


PROBE INPU 
Logic Compatiblity 
Logic Levels 


aye? +2.4 
as as 0 
Load 
Risetime/Falltime (10% — 90%) 
Width 50 
Frequency 


OUTPUT (see Table on last page) 
Reg = 1,000 
Bipolar Voltage* 
Unipolar Voltage 
Current 8 


Reg > 2,000 
Bipolar Voltage 
Current 8 
Residual Glitch 
Output Impedance 
Capacitive Loading 


POWER REQUIREMENTS 

+15V + 3% Current 

—1SV + 3%Current 

+5V + 5% Current 

Power Supply Rejection Ratio 

Power Dissipation 
TEMPERATURE RANGE 

Operating* 0 

Storage —55 
THERMAL RESISTANCE? 

Junction to Air, ja (free air) 

Junction to Case, jc 


MTBF® 
Mean Time Between Failures 


SPECIFICATIONS tis o +2 wn. 


HDD-1206JW 
TYP MAX. 
12 
2.5 
+ 0.0125 
+ 1.25 
+35 + 50 
Guaranteed 
5 
40 
100 
2 
60 
50 
25 
1.5 
Adjustable 
TTL 
+5 
+0.4 
One Standard 
Complementary Binary (CBN); 
Offset Binary (OBN) 
TTL 
+5 
+0.4 
One Standard 
15 
.65/word rate 
6 
+2.56 
Oto —5.12 
+5.12 
100 
50 
0.1 1] 
1,000 
55 60 
30 - 35 
85 95 
2 
1.7 1.9 
+70 
+125 
38 
18 


~ FOR APPLICATIONS HELP, CALL (919) 292-6427 


NOTES: 
1 Adjustable to zero. 


2All dynamic characteristics are based on FS = +5.12V;Rep = 2,0002. 
3With Reg = 1k, analog output voltages are half those shown in Table on last page. 


‘Case Temperature. 
5 Maximum junction temperature is 150°C. 


®Calculated per MIL-HDBK 217, Ground; Fixed Case Temperature = 60°C. 


*Specifications same as HDD-1206JW 
Specifications subject to change without notice. 


See Figures HY 32A (glass) and HY 32C (metal) for 
complete outline and mechanical information. 
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PP one 
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ominal power supplies and 1kQ output load unless otherwise noted) | 


HDD-1206SM 


MIN TYP LAX 


+ + 


+ + & HB eH H 


+ & 


+ &© & & 
* 


— 55 . +125 


34 
14 


3.015 x 10° 


Vv 
V 
TTL Load 


V 

V 

TTL Load 
ns 

ns 

MHz 


THEORY OF OPERATION 
Refer to the equivalent circuit for the HDD-1206 D/A 
converter. . 


The unit consists of input registers, fast-settling current output 
D/A, output amplifier, timing generator, and associated circuits. 


The purpose of the input register circuits is to de-skew the 
input bits and assure their simultaneous arrival at the input of 
the current D/A. This is critical because time skew on the input 
data bits is a major contributor to discontinuities, or “glitches,” 
in the analog output of a D/A. 


The Timing Generator includes a Track & Hold circuit and 
generates the required internal pulses for operation whenever it 
receives a Strobe input pulse. See Figure 1, the HDD-1206 
timing diagram. 

ih 


“0” | MAX 0.65/ | | | 


| WORD RATE 


| 
| HOLD HOLD 


|_MAX [MIN 30ns. | 
TH TRACK|~55ns_| MAX 100ns TRACK 


Y 


STROBE 


MAX__| [SAME AS 
REGISTER 10ns_ 1} HOLD TIME 


OUTPUT A \ ; A - 
Figure 1. HDD-1206 Timing Diagram (Digital Inputs not 
Changing) 


As shown, the Strobe pulse is a positive-going TTL pulse supplied 
by the user of the HDD-1206. Internal timing circuits establish 
the maximum 55ns delay from the leading edge of the Strobe 
pulse to the leading edge of the T/H (Track/Hold) pulse; and 
the maximum 10ns delay from the leading edge of the T/H 
pulse to the leading edge of the Register pulse. The data from 
the input registers are strobed into the current D/A at the end 
of this 65ns interval, so they must be valid by that time. 


The user-determines the width of the T/H pulse (and the Register 
pulse) by selecting the value of the Ryop resistor. See Figures 
' 2 and 4. As shown, the width of the Hold pulse can vary from 
approximately 30ns to approximately 100ns by using resistor 
values from 1k to 5k, respectively. 


eta OF 3.6k FOR 
Hoto WILL MAKE HOLD 
paige APPROXIMATELY 
85ns WIDE; THIS IS 
OPTIMUM FOR MOST 
APPLICATIONS. 


HOLD TIME PULSE WIDTH - ns 


as [ 3k [ L 
VALUE OF Ruow - 22 


Figure 2. Hold Time vs. Ruoxrp 


For most applications, a value of 3.6kQ and a pulse width of 
approximately 85ns is the optimum choice. This pulse width 
will “hold” the analog output of the HDD-1206 D/A until the 
“glitch” resulting from the most recent update has passed, 
without infringing on the word rate capabilities of the 
HDD-1206. 


Theory of Operation 


CURRENT-OUTPUT D/A CONVERTERS 

A brief review of the salient characteristics of current D/A con- 

verters may be a useful approach to understanding the operation 

of the HDD-1206 unit. : . 


Current-switching D/A converters are inherently faster than 
voltage-output types because of the absence of an output amplifier. 
This means current-switching converters have no slew rate limi- 
tation which can slow settling; nor are they subject to the overshoot 
and ringing problems often associated with feedback amplifiers. 


Current-switching and voltage-output converters display a dis- 
continuity, or “glitch,” in their analog outputs because of the 
basic characteristic of saturated logic (TTL is an example) which 
causes the propagation delay to be less for negative-going inputs 
than it is for positive-going inputs. 


This difference in propogation delay manifests itself as a “worst 
case glitch” at the major carry point, or mid-scale, of the output 


range of the current converter. This is the point at which nearly 


equal and opposite currents are being switched within the 
converter. 


The “glitch” at mid-scale, the switching point of the Most 
Significant Bit (MSB), will be halved at the “% and % points; 
halved again at the /% and % points, etc. The amplitude of the - 
“glitch,” therefore, is a function of signal dynamics and cannot 
be eliminated with filtering. 


The variations in glitch amplitude caused by signal dynamics 
create a multitude of intermodulation (IM) products, some of 
which fall into the video pass-band as spurious signals, and 
increased noise level. These IM products are also relatively 
immune to elimination by filtering. 


The amplitude of the glitch can be reduced by de-skewing the 
input bits; but no amount of de-skewing or filtering can negate 
the physics of saturated logic which cause the glitch to be generated 
initially. 

The best solution, then, is to cause the glitch to remain a constant 
across the entire output range of the converter. The efficiencies 
of the circuit will be enhanced if the solution can also permit 
using the full drive capabilities of the current-output D/A in 
either unipolar or bipolar modes of operation. 


The design approach used in the Analog Devices HDD-1206 
D/A converter accomplishes these desired goals and provides 


voltage outputs at high update rates. 


NOTES ON DEGLITCHING 

Refer again to the equivalent circuit for the HDD-1206. The 
data bits are applied through the input register to the current-out- 
put D/A converter, which is capable of supplying up to 5.12mA 
of output current. 


The output of the current D/A, in turn, is applied to the input 
of the output amplifier via strapping external to the HDD-1206. 
The Timing Generator supplies the necessary pulses and timing 
to apply signals to the current D/A and output amplifier after 
the initial glitch caused by the digital inputs has subsided. 


The digital “‘1’’ (Hold) level of the T/H pulse causes the switch 
at the input of the amplifier to open, holding the last value of 
the current D/A converter. During this hold interval, the switching 
transients caused by updating digital inputs are masked from 
the amplifier, thereby avoiding HDD-1206 output discontinuities 
whose amplitude would be a function of signal dynamics. 


Ten nanoseconds after the T/H pulse goes to the digital ‘‘1” 
level, the register pulse also changes state from “‘0” to ‘‘1”’. 
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This transition moves the output of the current D/A to the new 


value established by the most recent digital inputs applied to the 
HDD-1206. 


Any change in the current D/A output has stablized by the time 
the T/H pulse returns to the digital “0” (Track) level. Re-estab- 
lishing the track mode closes the switch at the input of the 
“amplifier and the output of the HDD-1206 moves to the new 
analog value dictated by the digital input word. 


As shown in Figure 1, the output of the HDD-1206 will contain 
switching transients associated with the T/H pulse. But these 
“glitches” will be constant in amplitude and duration and will 
occur at the update rate, since they are a function of the strobe 
pulse applied by the user. 


These switching transients will settle out in approximately 500ns, 
and will have uniform amplitude over the complete analog output 
range of the D/A. For strobe rates of 2MHz and above, the 
settling interval switching from “hold” to “track”, and vice 
versa, will produce a constant dc offset on the output. The 
HDD-1206 is not intended to get rid of all glitches per se; it is 
designed to provide a constant-amplitude glitch. 


When the area under the transient curve is held constant, the 
frequency spectrum of the glitch is a fine line, i.e., a single-line 
spectrum at the sample rate frequencies, and harmonics of the 
sample frequency. : : 


The HDD-1206 effectively eliminates the IM products discussed 
above. When it does, the signal-to-noise (S/N) ratio approaches 
that of an ideally-quantized signal, where the rms noise is 
q/V/12, when frequencies above Nyquist are filtered out. 


GLITCH VS. PEDESTAL 

In addition to the “‘glitch”’ which is a characteristic of current 
D/As, the track & hold used in the HDD-1206 also contributes 
an anomaly to the output signal. 


Refer to Figure 3. This diagram compares the “‘glitch”’ created 
by the HDD-1206 to the pedestal created by the internal T/H 


circuits. 
C PEDESTAL peor 


GLITCH 


TRACK-TO-HOLD 
SWITCHING TRANSIENT 


HOLI)-TO-TRACK 
SWITCHING TRANSIENT 


Figure 3. Pedestal/Glitch Relationship 


As shown, the “glitch” is a transient signal which remains constant 
in width and amplitude over the entire output range, at all 
update rates. The pedestal, on the other hand, is an offset signal 
whose amplitude can vary (because of switching transient settling) 
as a function of hold time and word rate. 


This pedestal is caused by charge transfer associated with the 
hold capacitor; the transfer occurs when the HDD-1206 circuits 
are switched from a “‘track”’ to ‘‘hold”’ condition. The pedestal 
is basically an offset error in the HDD-1206 output and can be 
compensated with the Offset Adjust when the unit is installed in 
the user’s system. 


Figure 3 is not drawn to scale; there is no attempt to imply the 
identified elements have precisely that relationship to one another. 
They are exaggerated for illustrative purposes. 


Applications 


Bipolar connections for the HDD-1206 D/A converter are shown 
in Figure 4. As indicated, a unipolar negative output is accom- 
plished by connecting Bipolar Pin 29 to ground, instead of to 
Pins 27 and 28. 
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ANALOG 
OUTPUT 


GROUND 


TEST POINT 

NOTE 1: FOR UNIPOLAR NEGATIVE 
OUTPUT, REMOVE STRAP 
BETWEEN PINS 28 AND 29; 
CONNECT 29 TO GROUND 


Figure 4. HDD-1206 Bipolar Connections 


_ The output voltage swing is established by the value of feedback 


resistor Reg. The table below indicates output levels for both 
unipolar and bipolar operation, with feedback resistors of either 
¥,0000 or 2,0000. 


Hold resistor Ryo_p connected between the +5V supply and 
Pin 31 sets the width of the Hold mode of the T/H pulse. Test 
Point Pin 2 is used for observing the pulse. 


The Offset Adjust potentiometer is used to set the desired analog 
output of the HDD-1206 and can be used to help assure correct 
voltages are present when the D/A is installed in the system. 


When operated in a unipolar mode with digital “0” applied to 
all inputs but no continuous strobe pulses applied, the Offset 
Adjust is set for an analog output of either —5.12V or —10.24V, 
depending on the value of Rpg. (NOTE: At least one strobe 
pulse needs to be applied to latch the input data into the 
registers.) 


If the HDD-1206 is installed in a system and the strobe pulse is 
applied continuously, the Offset Adjust is calibrated for the 
desired output value with a digital ‘‘0” applied to all input pins. 


HDD-1206 ANALOG OUTPUT WITH 1k9. LOAD 


Offset Binary(OBN) Complementary Binary (CBN) 


Digital Bipolar Output Unipolar Negative Output 
Inputs Reg = 2k Reg = 1k 
}11...111  +5.175(+FS — 1LSB) 0.0000 (0) 
111...110 +5.1150 — 0.0125(+1LSB) 
110...000 +2.5600(+ 1/2FS) — 1.27875 
101...111 +2.5575 — 1.28(1/4) 
100...000  0.0000(0) — 2.55875 
Oll...111. -—0.0025(-1LSB) — 2.56(1/2) 
010...000 —2.5600(- 1/2FS) — 3.83875 
001...111 —2.5625 — 3.84(3/4) 
000...001 —5.1175 — 5.1175 
000...000  —5.1200(-FS) — 5.11875(FS — 1LSB) 
ORDERING INFORMATION 


Mcdel HDD-1206JW D/A converter is housed in a glass package, 
the model HDD-1206SM is a metal version; outline dimensions 
of both are shown elsewhere. For metal case version processed 
per MIL-STD-883, Method 5008, specify model HDD-1206SM/ 
883. 


Mating individual pin sockets are available from AMP. Part 
number 6-330808-0 are knockout end type; 6-330808-3 are open 
end type. 


ANALOG 
DEVICES 


~ Hybrid Video| 


- Digital- to- cade Converters 


FEATURES 

Ultra Fast 7ns Settling Time to 0.4% (8ns Max) 

Low 50 pV-s Max Glitch Energy 

Operates from Single -5.2V Power Supply 

Complete Composite Inputs 

Designed for General Output Compatibility with EIA 
Standards RS-170 and RS-343, Including 10% Brightness 

Available Screened to MIL-STD-883 

Low Price 


APPLICATIONS 

Raster Scan Graphics Displays ~ 

TV Video Reconstruction 

Ultra Fast Current or Voltage Output DAC for ee 
Instrumentation 

Digital VCOs 


GENERAL DESCRIPTION 

The HDG series digital-to-analog converters are the fastest 
D/As with full composite capabilities presently available. The 
units are available in three resolutions (levels) of Gray Scale. 
The HDG-0805 has 8 bits of resolution (256 levels) and typi- 
cally settles in 7ns (8 max). The HDG-0605 has 6-bit resolu- 
tion (64 levels) and typically settles in 5ns (6 max), while the 
HDG-0405 features 4-bit resolution (16 levels) and typically 
settles in less than 3ns (4 max), All three units are packaged 
in 24-pin metal hybrids and require only a single -5.2V power 
supply for operation, 


All three units have complete composite controls including 
self-contained, digitally-controlled sync, blanking, and 10% 
bright, a unique feature not found on most composite D/A 
converters. A reference white control input is also provided, 
thus assuring compatibility with EIA Standards RS-170, 
RS-330, and RS-343A. 


Absolute accuracies of the HDG-0805, HDG-0605 and HDG- 
0405 are +0.19, 0.8, and 3.2% respectively. The output im- 
pedance is 7592 and the full scale output current of -17mA is 
sufficient to develop 1V across a 752 video load. Operation 
of all three units is specified over the case temperature range 
of -25°C to +85°C. Monotonicity is guaranteed. 


HDG SERIES FUNCTIONAL BLOCK DIAGRAM 


10% BRIGHT 
10% BRIGHT 
. CURRENT 
: SWITCH 
RE 
WHITE 
DIGITAL 


COMPOSITE 
SYNC 


COMPOSITE 
BLANKING 


The HDG series D/A converters represent the most cost- 
effective high performance system solution for 8-bit raster 
scan D/A converter requirements. Older modular technology 
offers similar electrical performance but at much larger size 
and at a higher price. Monolithic technology has produced 
DACs at comparable speeds but without composite capabil- 
ities, thereby requiring external registers, sync and blanking 
circuits, and references for compatibility. 


Because of the units ultra-fast speed and low cost, and their 
ability to be screened to the requirements of MIL-STD-883, 
the HDG series DACs can be used in military D/A ap pice 
tions as well. 


% of 
Gray Scale 


Settling Time 
(max) 


Model Resolution 


HDG-0805 
HDG-0605 
HDG-0405 


8ns 


Table 1. Accuracy vs. Settling Time 


DIGITAL-TO-ANALOG CONVERTERS VOL. 1, 10-259 


eee OS 


SPECIFICATIONS (typical Ree noite power supplies and 75Q output load unless otherwise noted) 


Model Units HDG-0405 HDG-0605 HDG-0805 
RESOLUTION FS = FULL SCALE — Bits 4 6 —68 
LSB WEIGHT (Current) pA 1072 268 67 
LSB WEIGHT (Voltage) . mV 40 10 . 2.5 
ACCURACY’ 
Absolute +% of GS 3:2 0.8 0.19 
Linearity - +% of GS 3.2 0.8 0.19 
Monotonicity Guaranteed : oa 
Zero Offset (Initial) mV 0.9 ‘ . 
SPEED PERFORMANCE — GRAY SCALE OUTPUT 
Settling Time (Voltage) Max? ns (to % GS) 4(6.4) 6(1.6) 8(0.4) 
Slew Rate V/us 200 . . Oe is 
Update Rate? MHz 100 * * 
Rise Time . ns 3 . c 
Glitch Energy* pV-s 50 . * 
TEMPERATURE COEFFICIENTS 
Linearity , ppm/°C 16.0 sd ‘ 
Zero Offset ppm/°C 6.0 is is 
Gain ppm/°C 17.0 : * 
STROBE INPUT 
Logic Compatibility ECL ? x 
Logic Voltage Levels ‘‘1” V -0.9 m i 
Positive Logic ) “‘0”’ Vv -1.7 i . 
Logic Loading | 50pF and 5k) to -5.2V . : 
Set-Up Time (Data) ns 2.5 min * . 
Hold Time (Data) ns 1.5 min i ij 
Propagation Delay ns 3 . r 
REFERENCE WHITE INPUT® | | 
Logic Compatibility ECL : . 
Logic Voltage Levels “1” V -0.9 7 
“0” V =1,7 , ™ 
Logic Loading ; 5pF and 50kQ2 to -5.2V ? 
DATA INPUTS 
Logic Compatibility ECL . = 
Logic Voltage Levels “1” Vv -0.9 i * 
(Positive Logic) “0” V -1.7 Z is 
Logic Loading (Each Bit) 5pF and 50kQ to -5.2V . : 
Coding (See Table) Complementary Binary (CBN) * . 
COMPOSITE SYNC INPUT 
Logic Compatibility | ECL 5 e 
Logic Voltage Levels “1” | VOC -0.9 . , 
sl 9 ha V -1.7 * * 
Logic Loading | SpF and 50k{Q2 to -5.2V i“ ‘ 
COMPOSITE BLANKING AND 10% BRIGHT, INPUTS 
Logic Compatibility | ECL . ™ 
Logic Voltage Levels ‘'1” V -0.9 . . 
“0” Vv oa) er 4 * 
Logic Loading 5pF and 50kQ2 to -5.2V i‘ : 
- SETUP CONTROL 
Ground mV 0 (0 IRE Units) ij ‘ 
Open mV 71 (10 IRE Units) r = 
-5.2V , mV 142 (20 IRE Units) 
OUTPUT | 
Current mA 0to-17 : ss 
Voltage® V (41%) 0 to -0.600 0to-0.630 Oto -0.6375 
Compliance V +1.1 to -1.1 * . 
Internal Impedance 82 (+5%) 75 7 : 
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Model | Units HDG-0405 HDG-0605 HDG-0805 
OUTPUT — COMPOSITE SYNC oo | = 
Current mA (£5%) 0 or -7.6 si = 3 
Voltage mV (+5%) 0 or -286 * sg 

OUTPUT — 10% BRIGHT 
Current : mA (+5%) 0 or -1.9 . : 
Voltage 7 mV (+5%) 0 or -71 " ig 
OUTPUT — COMPOSITE BLANKING’ , 
Current mA (+1%) 0, -17.0, -18.9, or -20.8 
Voltage mV (+1%) 0, -637.5, -708.75 or -780 = * | . 
SPEED PERFORMANCE — CONTROL INPUTS 
Settling Time to 10% of Final Value for: 
Composite Sync ns 8 . i 
Composite Blanking ns 8 ‘ 
Reference White ns 8 . 7 
Reference Black ns 8 ag i 
10% Bright ns 8 - . 
POWER REQUIREMENTS 
-5.2V +0.25v® mA 200 260 320 
TEMPERATURE RANGE | 
Operating, Metal Case °C Case -25 to +85 . 7 
Storage = -55 to +125 : i 
MTBF? | 
Mean Time Between Failure hours 195,434 
PACKAGE OPTION’? | HY 24G (metal package) 
NOTES 


1 Accuracy is relative to Gray Scale and includes linearity. 

? Worst case settling to a percentage of maximum Gray Scale is given, and includes FS and MSB transitions, The inherent 3ns 
propagation delay through the input registers (50% points) has been disregarded, 

>The update rates shown are limited by a full-scale settling time that is useable for the number of bits of resolution, The DACs 
may be updated to a maximum of 125MHz with some settling time degradation. 

*Reducible to less than 25pV-s with glitch adjustment. 

5A Logic “0” on Pin 29, Reference White will drive the output to the Reference White level 1egardless of digital input. 

© The difference between the full-scale output of 637.5mV and 643mV shown elsewhere herein (HDG-0805) is due to the 
fact that we selected an LSB value of 2.5mvV for ease of calibration. These differences are well within the output and EIA 
Standard RS-170 tolerances, 

7 The three currents and voltages correspond to the three set-up levels of 0, 10, and 20 IRE units as externally selected. 

® Power Supply must have less than 5mV p-p ripple. Sensitivity is 1:1. 

* Calculated for HDG-0805 using MIL Handbook 217. Ground: fixed; Ambient Temperature: 50°C. 


1° See Section 20 for package outline information. 
"Specifications same as for HDG-0405. 
Specifications subject to change without notice. 


PIN DESIGNATIONS 


FUNCTION EIN FUNCTION 


GROUND GLITCH ADJUST 
-5.2V GROUND 

BIT 1 (MSB) GROUND 

BIT 2 GROUND 

BIT 3 GROUND 

BIT 4 ANALOG OUTPUT 
CLOCK COMPOSITE SYNC 
BIT 5 SETUP 

BIT 6 10% BRIGHT 

BIT 7 COMPOSITE BLANKING 
BIT 8 (LSB) REFERENCE WHITE 
GROUND -5.2V 


NOTES: FOR HDG-0605 PIN 9 IS LSB AND PINS 10 AND 11 
ARE PRESENT BUT NOT USED. 
FOR HDG-0405 PIN 6 IS LSB AND PINS 8, 9, 10 AND 
11 ARE PRESENT BUT NOT USED. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
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Typical Applications 


A typical raster scan graphics display system is depicted in 
Figure 1. The system consists of aMOS RAM memory buffer 
for storing the data to be displayed, one or more memory con- 
trollers for display updating and CRT refresh, and a program- 
mable uP for graphics generation and image manipulation. The 
system acts as an intelligent peripheral to the host CPU,-and 
drives standard television monitors via the built-in DAC 
circuitry. 


The D/A converter denies the Z axis of the CRT modulating 
the brightness of the raster scan beam. ‘A typical raster scan 
system requires resolution anywhere from 4 to 8 bits, which 
represents 16 to 256 levels of Gray Scale. For color displays 
three DACs are required—one each for the red, green, and blue 
color guns. 


Xx&Y 
CONTROL 
CIRCUITS 


Figure 1. Typical Raster Scan Display System 


APPLICATIONS INFORMATION 

The HDG series D/A converters feature the fastest 8-bit set- 
tling times presently available. To insure maximum perform- 
ance at these speeds the following guidelines should be 
followed: 


1. The D/A converter should be provided with a very low im- 
pedance grounding system to very high frequencies. A large 
ground plane is a must. 

2. Low frequency bypassing should be provided with a 1uF 
(or larger) tantalum capacitor mounted between the -5.2V 
supply line and ground near the D/A. 

3. High frequency bypassing should be provided by ceramic 
capacitors of 0.1uF or larger mounted within 0.25 inches 
of Pins 2 and 24 to ground (see Figure 2). 


BIT 1 (MSB) GLITCH 


ADJUST 


BIT 8 (LSB) 


2k GAIN POT IF 
ao Ee enee 


HDG-0805 
D/A CONVERTER 


Ps 


COMPOSITE SYNC O -5.2V 
COMPGSITE BLANKING 
10% BRIGHT 


REFERENCE WHITE 


GROUND 
NOTES: ALL DIGITAL INPUTS TERMINATED TO -5.2V THROUGH 2kS? EXCEPT STROBE 
WHICH 1S 270 FOR HDG-0605 PIN 9 IS LSB, FOR HDG-0405 PIN 6 IS LSB 


Figure 2. HDG-0805 Typical Connection Diagram 
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4. The threshold of the internal current switches can be opti- 
mized for low glitch energy by the addition of an external . 
potentiometer connected to Pin 13 of the D/A (see Figure 
2). This potentiometer is adjusted for minimum glitch 
energy as shown in Photo 2. 

5. Standard 24 pin sockets should be avoided. Individual ‘ ‘pin 
sockets”’ are most suited for evaluating devices, as lead 
inductance is reduced. In final designs, the D/As should be 
soldered directly into the printed circuit board without 
sockets. 

6. Microstrip techniques are recommended for routing digital 
and strobe inputs to the DAC for distances greater than 1" 
(2.54mm). 


Power Supply Sensitivity 
Precision -5.2V Supply 


The power supply sensitivity of the HDG series DACs is given 
as 1:1. This means that ImV change in the power supply 
voltage will produce a 1mV change at the output. For the 
HDG-0605 and HDG-0405 this presents no problems, since 
even 5mV of ripple isless than 1/2LSB. If regulation is desired, 
use a LM120 or equivalent 3 terminal negative regulator, When 
applying the HDG-0805, it may be desirable to supply a highly 
regulated -5.2V supply to counteract the effects of time and 
temperature. 


A circuit to supply a precise -5.2V Panne is shown in Figure 
3. This uses AD584 and AD OP-07 to achieve an ultra stable 
-5.2V input to the DAC. 


ALL RESISTORS METAL FILM 0.1% 


Figure 3. Precision -5.2V Supply 


TESTING THE HDG SERIES DACs 
Settling Time | 
Measuring the full-scale settling time of an 8ns DAC presents 
a significant challenge even under perfect conditions. The only 
practical solution using oscilloscopes is to extrapolate the set- 
tling time from a rise-time measurement. This is because the 
vertical amplifier of the scope will undoubtedly be overdriven 
when the required gain is achieved. 


KEEP THIS DISTANCE 


AS SHORT AS 
POSSIBLE 
HOT CARRIER OSCILLOSCOPE 
PR 


DIODES 


PULSE 
GENERATOR 
RISE TIME LESS 
THAN 2ns 


RISE TIME <2ns 
Figure 4. Flat Pulse Generator 


Using the circuit of Figure 4, a pulse generator with rise times 
of less than 2ns is a must. The scope proble is calibrated using 
the resistor/diode scheme shown, which results in a “flat pulse.” 
The rise time (10% to 90%) of the all “‘Os”’ to all ‘‘1s’’ transi- 
tion, t,, is measured using a sampling oscilloscope having a 
bandwidth of 500MHz minimum. The associated time constant, 
T, is related to t, by the following: 


tp =2.2T 
Assuming an exponential function, the D/A output, V, is given 
by: 7 

V=(1-e"7) Vo 
The settling time required, t,, to reach a percentage of the 
final output, Vo is given by the following table: 


Resolution % of Full Scale Settling Time 


8 0.4 2:5 ty 
7 0.5 2.2 t 
6 1.6 1.9 t, 
5 3.2 1.5 t, 
4 6.4 1.2 t, 


It can then be seen that using the HDG rise time of 3ns results 
in settling times of 3.6, 5.7, and 7.5ns for the HDG-0405, 
0605, and 0805 respectively. 


Photo 1 shows an actual full-scale output signal measured 
using the above procedure indicating a rise time of 2.5ns. The 
corresponding settling time to 8-bit accuracy would thus be 
6.3ns. 


Cs Cy aris i rs or ee ee es Pers 


Photo 1. Full Scale Output — Rise Time 


a 
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Testing the HDG Series DACs © 


Glitch Energy 

The glitch amplitude of the HDG series DACs at the major 
carry point is typically less than 100mV. This allows the user. 
to measure it directly since there is little danger of overdriving 
the oscilloscope’s vertical amplifier. Distances from the DAC 
output to the scope input should be minimal (no more than a 
few inches). Photo 2 shows an actual HDG-0805 mid-scale 
glitch measured using the 5092 input of the sampling scope as 
termination for the D/A..The D/A test set output was con- 
nected directly to the'scope using the appropriate BNC fittings. 
Positive and negative glitch energy in the photo is less than 30 
picovolt-seconds. Net glitch energy is approximately zero. 
Note that glitch settling is less than 6ns. : 


In the rare case that positive and negative glitch excursions 
are unequal the glitch adjust input (Pin 13) may be used as 
shown in Figure 2 to minimize the net glitch energy. 


ae OUTPUT 


a8 STROBE 


CHARACTERISTICS OF HDG-0805, [-0605] , [-0405] 
VIDEO DACs . 


COMPOSITE VIDEO SIGNAL 

256 gray levels plus blanking and sync levels [64] [16] 
STEP SIZE 

2.5 [10] [40] mV 


GRAY SCALE RANGE 
0.643V Peak to Peak 


SETUP CONTROL 

User programmable in three levels 

mV IRE Units 

1. Input Grounded 0 0 

2. Input Open 71 10 

3. Input 0 -5.2V 142 20 
REFERENCE WHITE LEVEL 

OV Absolute 


100 IRE Units (+0.714V relative to blanking level with 
standard setup; +0.643V relative to Reference Black) 


DIGITAL INPUT FOR WHITE LEVEL 
All ones (11111111) 


REFERENCE WHITE CONTROLS’ 
Overrides Video Input Word 
A Logic “0” on Pin 23 will drive the output to the Refer: 
ence White Level. 


REFERENCE BLACK LEVEL 
-0.643V Absolute; +7imV (10 IRE Units) 
Relative to blanking level with standard setup. 


DIGITAL INPUT FOR REFERENCE BLACK 
All zeroes (00000000) 
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COMPOSITE BLANKING LEVEL 
-  -0.714V absolute, (0 IRE Units) with standard setup. 


COMPOSITE BLANKING INPUT — PIN 22 
Logic 0” on Pin 22 resets input register to 00000000, 
and causes output voltage to go negative by the amount 
of setup voltage with respect to the all “ofpoutput voltage, 
COMPOSITE SYNC LEVEL 
-1.0V absolute with standard setup. 


-0,286V (-40 IRE Units) relative to blanking level 
(Back Porch), 


COMPOSITE SYNC INPUT — PIN 194 
Logic ‘‘O”’ resets input register to 00000000, and 
the output voltage goes negative by 0.286V. 
10% BRIGHT — PIN 21 
Logic “‘0”’ causes output to go positive by 71mV. 
Note: The most positive output voltage is still 0 volts 
absolute. All other levels are shifted down by 71mv; 
i.e., Sync Level (-40 IRE) becomes -1.071V. 
STROBE — PIN 7 
Logic “‘O.” to Logic ‘‘1”’ transition clocks input register. 


DEFINITION OF VIDEO TERMS 


BLANKING LEVEL . . 
The level separating the SYNC portion from the Video 
portion of the waveform. Usually referred to as the Front 
Porch or Back Porch. At 0 IRE Units, it is the level which 
will shut off the picture tube, resulting in the blackest 
possible picture. 

COLOR VIDEO (RGB) 
This usually refers to the technique of combining the three 
primary colors of Red, Green, and Blue to produce color 
pictures within the usual spectrum. In RGB monitors, three 
HDG “‘C”’ Series DACs would be required, one for each color. 


ABSOLUTE 
OUTPUT 
VOLTAGE 


IRE 
UNITS 


+100 


7 
WITH STANDARD ~ 
SETUP (10 IRE) 


-40 - 


| - SYNC Ly } = om| 
PORTION PORTION 


COMPOSITE SYNC SIGNAL (SYNC) 

The portion of the composite video signal which syn- 
chronizes the scanning process. 
COMPOSITE VIDEO SIGNAL | 
The video signal with or without setup, plus the composite 
SYNC signal. 
GRAY SCALE 
The discrete levels of video signal between Reference Black 
and Reference White levels. A 10-bit DAC contains 1,024 
different levels, while an 8-bit DAC contains 256 (2). 
RASTER SCAN 
The most basic method of sweeping a CRT one line at a 
time to generate and display images. This method is used 
in commercial television in the USA. 
REFERENCE BLACK LEVEL 
The maximum negative polarity amplitude of the video 
signal. 
REFERENCE WHITE LEVEL 
The maximum positive polarity amplitude of the video 
signal. 

SETUP 
The difference between the Reference Black level and the 
blanking level. This should not be confused with setup as 
used with digital logic. 

SYNC LEVEL 
The peak level of the composite SYNC signal. 


VIDEO SIGNAL 
That portion of the composite video signal which varies 
in gray scale levels between Reference White and Refer- 
ence Black. Also referred to as the picture signal, this is 
the portion which may be visually observed. 


NOTE: 


’ Reference White (Pin 23) should not be activated at the same time 
as composite blanking (Pin 22). 


ee oe ee 10% BRIGHT LEVEL 


REFERENCE WHITE 


LEVEL (Viw) 
GRAY SCALE 
GENERATED BY 
BINARY INPUT CODE 
256 LEVELS=— HDG-0805 
64 LEVELS —HDG-0605 
16 LEVE — HOG- 
Ls Pare REFERENCE BLACK 
a ee ee ee LEVEL (Vey) 


—— COMPOSITE BLANKING 
LEVEL (Vp) 


SYNC LEVEL (Vs) 


VIDEO 
100 IRE UNITS = 714mV 


Figure 5. HDG-0805 Composite Output Waveform 


ORDERING GUIDE 


HDG-0805 . 
HDG-0805/883! 
HDG-0605 
HDG-0605/883! 
HDG-0405 
HDG-0405/883! 


Resolution 


Settling Time 
(max) 


6ns 


4ns 


’ Denotes processing to MIL-STD 883; per method 5008. 


Consult factory for availability. 
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ANALOG _ 8+ 10+, 12-Bit Video Speed Hybrid 
DEVICES — Current & Voltage Out D/A Converter . 
HDS-0820, -1025, -1250/HDH-0802, -1003, -1205 - 


FEATURES -HDS-0820, HDS-1025 FUNCTIONAL BLOCK DIAGRAM 
@ 25ns Current Settling to 0.1% (HDS) 
@ 200ns Voltage Settling to 0.1% (HDH) a E i e rs © © GROUND 
© 10mA Current Out (HDS) | 

e 


Guaranteed Monotonicity BaRnneN 
Over Temperature DIGITAL CISION Bsa 
@ No External Parts Required : pee : TLITTL |] SWITCHES T] NetWORK S, ~ OFFSET 
@ Reliable Hybrid Construction | 
O +15V 
APPLICATIONS : VOLTAGE 
@ CRT Vector Displays SOURCE = 


. A HDS-0820, 1025 
@ TV Video Reconstruction 
NOTE: ON 8-BIT VERSIONS, PINS 11 AND 12 ARE NOT CONNECTED 


@ Military Equipment (MIL-STD-883) | INTERNALLY, AND PIN 10 1S LSB. 


@ Analytical and Medical Instruments 
HDS-1250 FUNCTIONAL BLOCK DIAGRAM 


O RL 
GENERAL DESCRIPTION a SurPuT 
The HDS/HDH series of digital to analog converters represent DIGITAL oURONic. ] resistor G) esa 
the fastest precision settling current and voltage DAC’s avail- tia 

able. Capable of processing to MIL-STD-883 and guaranteed 

monotonicity over their operating temperature range; their REFERENCE 0 -15V 
quiescent power is 1/2 that of competitive units. The current 

output models provide 10mA full scale allowing direct drive 
of capacitive loads and transmission lines. All versions have a 
precision reference and are active laser trimmed to specified 
accuracy, thus no external adjustment pots or other compo- 
nents are required. 


HDS-1250 


HDH-0802, HDH-1003 AND HDH-1205 
FUNCTIONAL BLOCK DIAGRAM 


BIPOLAR 
O 


Other general specifications that apply to all devices include BIT 1 0 OFFSET 


TTL logic; glass or hermetic metal package; unipolar or bi- 
polar operation with internal offsetting reference. 


SUM 
O MODE 


| 

| 

: : DIGITAL | 

The HDH voltage output devices provide access to the op amp INPUTS } 
| 
| 
| 


RESISTOR 
NETWORK 


summing point so that reduced full scale output voltage swing 
can be provided. Such operation with an external resistor 

shunting the internal 1k resistor will reduce the already low BIT 12 0 
op amp offset drift. 


INTERNAL 
REFER- 
ENCE 
SOURCE 


With 6 available units engineering trade-offs can be made be- 


© -15V +15V 
tween resolution, speed, current or voltage output, and of ssases cB Diab RE NIEEE GROUND BINS OM DANAE: 


course price. To facilitate this comparison major specifications 2 OO ODE PEM Cretan curren Marre 


are summarized in Table 1. 


Full Scale Step 


Model Resolution Settling Time 

Current Output 10mA Step 
HDS-0820 8 Bits 20ns to 0.4% 
HDS-1025 10 Bits 25ns to 0.1% 
HDS-1250 12 Bits 35ns to 0.025% 

Voltage Output 10V Step 
HDH-0802 8 Bits 200ns to 0.4% 
HDH-1003 10 Bits 300ns to 0.1% 
HDH-1205 12 Bits 500ns to 0.125% 

Table 7. 


For detailed information, contact factory. 
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power supply voltages unless otherwise noted). 


’ VOLTAGE OUT 


CURRENT OUT 
MODEL UNITS HDS-0820 HDS-1025 HDS-1250 HDH-0802 HDH-1003_ — HDH-1205. 
RESOLUTION FS = Full Scale 7 Bits 8 10 12 8 10 12 
LSB WEIGHT 40yuA 10uA 2.5uUA 40mV 10mV 2.5mV 
ACCURACY (Relative to FS Including Linearity.) +% FS 0.1 0.05 0.0125 0.1 0.05 0.0125 
Linearity +10yuA +5yuA +1.25uUA +10mV +5mV +1.25mV 
LSB | 41/4 £1/2 +1/2 +1/4 +1/2 +1/2 
Monotonicity Guaranteed Over Operating Temperature Range 
Zero Offset (Initial) 15nAmax * : 10mV typ = . 
5OmV max_ : 
TEMPERATURE COEFFICIENTS 
Linearity * : ig 
Gain * * . 
Unipolar Offset . s * - 
Bipolar Offset ¥ * " ™ 
DATA INPUTS 
Logic Compaubility TTL and 5V CMOS 
Logic Voltage Levels Positive Logic “1” = Vv +2 to +7 * . . és 33 
“oO” = Vv 0 to +0.8 . - ,, * " 
Logic Loading (Each Bit) ee ae HA 40 . . = ig x 
“Oo” = mA -2.6 * * * * * 
Codes BIN, OBN BIN,OBN 
OUTPUT 
Current Range FS 
Unipolar mA +10.24 +25 max = pai 
| +0.05% 
Bipolar mA +5.12 +25 max ik ss 
+0.025% 
Voltage Out FS! :? : 
Unipolar HDS with 200Q V. +1.024 -10.24+0.1% ** we 
Internal Connected Rj, +0.05% 
Bipolar Vv +0.512 +5.12 +0.05% ae a 
+0.025% 
Compliance Vv . N/A ss am 
Impedance, Internal (See Figure 1) Q . 0.1 max ag ‘ail 
SETTLING TIME . 
Current ns to % FS} 20 to 0.4 25 to 0.1 35 to 0.025 | N/A N/A N/A 
Voltage? 
Unipolar or Bipolar Out, 7592 Load, 
0.56V p-p ns to % FS] 30 to 0.4 35 to 0.1 50 to 0.025 | N/A N/A N/A 
Unipolar or Bipolar Out, Internal . 
20022 Load, 1.024V p-p ns to % FS} 45 to 0.4 50 to 0.1 60 to 0.025 | N/A N/A N/A 
10V Output Step ns to % FSIN/A N/A N/A 200 to 0.4 300 to 0.1 500 to 0.025 
5V Output Step © ns to % FS|N/A N/A N/A 150 to 0.4 200 to 0.1 350 to 0.025 
POWER REQUIREMENTS 
+14.5V to +15.5V mA max 70 baa - 
-12V to -16V mA max 40 as = 
Power Supply Rejection Ratio %/V . 7 i 
TEMPERATURE RANGE . 
Operating — Glass Package °C 0 to +70 id “ * 
Operating — ‘“‘M” Metal Case® “Cc }-55 to +125 | 3 - ’ 
Storage °C -55 to +125 - , - 


PACKAGE OPTIONS* HY24E (glass package) HY 24G (metal package) 
a aa eae aa aaa aaa 

NOTES: 3Contact factory or local Analog Devices sales office for ““M”’ 
1 Other voltages may be obtained with external resistor. Metal Case device specifications and prices. 
? For HDS series, Vout = OUT X Requivalent which is the value of the “See Section 20 for package outline information. 

2002. internal impedance in parallel with the ee saeiorads *Specifications same as HDS-0820. 

Thus, » correct estas of beige OUT aa as magnitude **Specifications same as HDH-0802. 

i : resla : ‘ : . : : 
a a ae Specifications subject to change without notice. 
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Analog Output, +5.12mA 


+5,11mA (1LSB) Bibb cg Saws 
+2.56mA pe 6 eee 


OmA 


-2.56mA OO se 5 acd 
-5.12mA O00 iasea% 


Analog Output, 0 to +10.24mA 


—+10.23mA_ VA Dees 
+7.68mA i Aes IR 6 aren ere 
+5,12mA 100.3446 
+2.56mA 010...... 


OmA 


PIN DESIGNATIONS 
HDS-0820, HDS-1025 


FUNCTION 
BIT 1 (MSB) 


BIT 2 


ae 

“3s _ 

bit et 

Cs sire ——~+d 
ee 
| 10, —| «BITS 
[11__|_ Bit 9 (HDS-1025) | 
| 
(1320; GND i 
at oureur—— 
P22 | R, 2000S 
| 23. «| ~BIPOLAR OFFSET | 
24 


Table 2. Coding HDS Series 


| 


Offset Binary 


PIN DESIGNATIONS 
HDS-1250 


| PIN, | FUNCTION | 
| 4 | piTaimse) 
| 2) | BiT2 
ie ec 7 cc 
ye 7 
| 5 | BITS 
Ont 
cera 
es 
Eee 
eas 
pages 


by vd > 
BIT 4 
BIT 6 
BIT 7 
BIT 8 
BIT 9 
BIT 10 
BIT 11 
BIT 12 


7 
| 10s 

GND 

| 20. | OUTPUT 

| 217 |R, 2002 | 
| 22. ‘| BIPOLAR OFFSET 
| 23 | -15V sd 
(24 Cf +5 


PIN DESIGNATIONS 
HDH SERIES 


FUNCTION 


+15V 


PIN | 
Petar 
a4 
ped 
Ca 
aa 
eee a 
<a 
Eis 
page] 
(13-19 | 
| 20 | 
P21 
Peet 
P23] 
[2a 


ON HDH-0802 DEVICES, GROUND PINS 9, 10, 11 
AND 12. 

ON HDH-1003 DEVICES, GROUND PINS 11 AND 
12. 


Complement Offset 


Analog Output, +5.12V Binary 
-5.1175V 111. 1 
-2.56V PLOv sexes 0 
OV LO Oi d a4 ) 
+2,.56V OL Dien e% 54 0 
+5.12V 0:0 05%. wax 0 
Analog Output, 0 to+10.24V Complement Binary 
-10,2375V 1 ere 1 
-7,.68V BVO esate 0 
-5.12V 100. c45 5 0 
-2.56V O10. soura% 0 
O00 gai ng 0 


OV 


Table 3. Coding HDH Series 
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OFFSET 
Re 


OUTPUT 


GROUND 


1=0 TO +10.24mA _| 


CURRENT CONTROLLED BY 
\ DIGITAL INPUT CODE 


Figure 1. HDS Current Equivalent Circuit 


OFFSET 
OUTPUT 


Rt 


GROUND 


{_ V=0TO +2.048V 


VOLTAGE CONTROLLED BY 
DIGITIAL INPUT CODE 


Figure 2, HDS Voltage Equivalent Circuit 


BIPOLAR OFFSET 


HDS 
DIGITAL D/A OUTPUT 
INPUTS CONVERTER +0,512V FSOR 


+5.12mA FS 


GROUND 


V O1WF a gapy OTHE V 


Figure 3. Bipolar Current Output 
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BIPOLAR OFFSET 


H 
DIGITAL | ok 
INPUTS CONVERTER OUTPUT 
| OV TO +1.024V OR 
| 0 TO +10.24mA 
| \7 GROUND 
LSB 
e 0.1uF -15V +15V 0.1uF 3 
Figure 4. Unipolar Current Output 
ote MY *8V oar 
MSB 
BIT 1 
| VOLTAGE 
OUTPUT 
(V OUT = 
| -R1X 10.24mA) 
| HDS 
DIGITAL 
| D/A 
EDS l CONVERTER 
| 
| 


GROUND 
CIRCUIT PROVIDES UNIPOLAR NEGATIVE OUT- 
PUT WITH COMPLEMENT BINARY CODING 
(BIPOLAR OFFSET GROUNDED) OR BIPOLAR 


OUTPUT WITH COMPLEMENTARY OFFSET BINARY 
CODING (BIPOLAR OFFSET TO Io). 


SETTLING TIME FOR 10.24V OUTPUT (R11 = 1k) 
1S APPROXIMATELY 150ns. 


Figure 5. Inverting Unipolar or Bipolar Voltage Output 


ORDERING INFORMATION 

Order model number HDS-0820, HDS-1025, HDS-1250, 
HDH-0802, HDH-1003, HDH-1205. Models with extended 
operating temperature range, hermetically-sealed metal-case 
construction (M versions) and MIL-STD-883 processing are 
also available. Consult factory or local Analog Devices sales 
office for further information. 


ANALOG 
DEVICES 


Hybrid D/A Converter 


FEATURES 

Settling Times to 10ns 

Low Glitch Energy — 200pV-sec. 
100MHz Update Rates 

8- & 10-Bit Versions Available 

Low Power < 1 Watt 

Available Screened to MIL-STD-883 


APPLICATIONS 

Raster Scan & Vector Graphic Displays 
TV Video Reconstruction 

Digital VCO’s 

High-Frequency Waveform Generators 

Analytical & Medical Instrumentation 


- PRODUCT DESCRIPTION 

The HDS-0810E and HDS-1015E represent the latest state-of- 
the-art in ultra-high-speed hybrid D/A converters. They are 
designed to be input compatible with standard ECL logic 
families, and feature internal high-precision monolithic voltage 
reference, active laser-trimmed resistor network, and 75Q out- 
put impedance — allowing them to be used to drive 752 cable 
directly without external driver amplifiers. This feature assures 
that a full 1 volt is available at the load, since the D/A output 
is a full 27mA. In addition, these D/A’s are monotonic over 
the full operating temperature range and require only one 
power supply (-5.2V) for operation. 


The HDS-E D/A’s are ideally suited for use in a wide variety of 
applications, including graphic CRT displays, since they feature 
very low glitch energy and extremely fast settling time. 


Packaged in an industry standard size 24-pin double width dual 
in-line case, the HDS-E Series D/A’s are available in either 
ceramic/glass cases (commercial) or hermetically sealed metal 
cases (military). They are also available screened to 
MIL-STD-883. | 


For detailed information, contact factory. 


21, CURRENT 
9 OUTPUT 


|} MONOLITHIC 
VOLTAGE 
REFERENCE 


13-20, 23, 24 


e 
GLITCH 
ADJUST 


ON THE HDS-0810E, PINS 10 AND 11 ARE NOT CONNECTED INTERNALLY 


O O 
-5.2V GROUND 


Io = 0 TO -27.2mA 


OUTPUT CURRENT CONTROLLED 
BY DIGITAL INPUT CODE 


Current Equivalent Circuit 


Vo = 0 TO -2.048V 


OUTPUT VOLTAGE CONTROLLED 
BY DIGITAL INPUT CODE 


Voltage Equivalent Circuit 
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SPECIFICATIONS (typical @25°C a nominal Sail supplies ~ with 75Q ita ead unless otherwise noted) 


MODEL | _UNITS HDS-0810E HDS-1015E 
RESOLUTION FS = Full Scale Bits 8 10 PIN DESIGNATIONS | 
LSB WEIGHT (Current) PA 106 27 
LSB WEIGHT (Voltage) mV 4 1 | PIN FUNCTION 
ACCURACY! +% FS 0.1. 0.05 mars -5.2V 
Linearity . +uA 26.5 13 37 
Monotonicity | Guaranteed 4 a 
Zero Offset (Initial) pA 5 ig | 5 
Bas 
TEMPERATURE COEFFICIENTS 
Linearity ppm/°C 5 . —_ 
Zero Offset ppm/°C 1 . 0 
Gain ppm/c 80 3 . ra! 
| 13-20 | 
DATA INPUTS | 21 
Logic Compatibility : ECL : | 22 
Logic Voltage Levels “1” = Vv -0.9 * pees 
(Positive Logic) “QO” = V -1.7 . 
: 66g ON THE HDS-0810E, PINS 10 
Logic Loading 1 = mA +13.6 ° AND 11 ARE NOT CONNECTED 
(Each Bit) "Oe pA -50 - INTERNALLY, AND PIN 9 IS 
Coding (See Coding Table) BIN ; | ARE CONNECTED TOGETHER 
OUTPUT INTERNALLY. 
Current Range (Unipolar) FS mA Oto-27.2 = Oto -27.3 
Voltage with 7592 Ext. Load V (41%) 0 to -1.020 0 to -1.023 
Compliance Vv -1.1 to +1.1 a 
Impedance, Internal Q (+5%) 75 x 
SPEED PERFORMANCE 
Settling Time (Voltage)? ns (to % FS) 10 (0.2) 15 (0.1) 
Slew Rate V/us 200 * 
Update Rate® MHz 100 67 
Rise Time ns 4 4 
Glitch Energy* pV-sec 200 . 
POWER REQUIREMENTS 
-5.2V +0.25V mA 155 180 
Power Supply Rejection 
Ratio %/% 0.04 iJ 
Reference Monolithic, . 
Internal 
"TEMPERATURE RANGE 
Operating; Glass Case °C: 0 to +70 . 
Operating; ‘‘M”’ Metal Case eC -55 to +125 
Storage °C -55 to +125 ‘ 
PACKAGE OPTIONS® HY24E (glass package) 
HY24G (metal package) 
NOTES: 
1 Relative to FS, including linearity. 
2 Worst case settling time. Includes FS and MSB transitions. ORDERING INFORMATION ee ° 
3 Limited only by D/A settling time. For commercial environment applications (0 to +7 0 C), order 
“ Reducible to less than 100pV-sec with appropriate deskewing models HDS-0810E or HDS-1015E for 8- or 10-bit operation, 
of digital inputs. respectively. 


5See Section 20 for package outline information. 
*Specifications same as HDS-0810E. 


Specifications subject to change without notice. 


For extreme environment applications (-55°C to +125°C), 
order metal. cased models HDS-0810EM or HDS-1015EM 
for 8- or 10-bit operation, respectively. 


These devices are also available screened to MIL-STD-883. 
Consult the factory. 
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ANALOG —~SCS«T tra High Speed ECL 
DEVICES Hybrid D/A Converter. 


FEATUR ES HDS-1240E FUNCTIONAL BLOCK DIAGRAM 
12-Bit Settling Time to 40ns 


Low Glitch Energy 


ECL Compatible neve 

Replacement for ADH-030, DA-4000, DAC397 BIT2 © 

APPLICATIONS es » OrrSET 
Graphic Displays - Random Scan re BIPOLAR 
Digital VCO’s BIT6 © c PRECISION voce 
Waveform Generation | BIT 7 © Sulpenes z= NETWORK  SUTPUT 
ECM-EW Military aes 

High-Speed ADC's a j FB1 


NOTE: PINS 8 & 11 ARE NOT CONNECTED INTERNALLY. | 1 


+15V -15V GROUND 
GENERAL 
The HDS-1240E is a 12-bit high current output hybrid IC 
D/A converter which has an output settling time of 40ns. Its 
inputs are compatible with standard ECL (emitter coupled 
logic), and it features an actively trimmed resistor ladder a eee 
network for high accuracy. The HDS-1240E can be operated IT 2 INPUT 
in either the unipolar or bipolar mode by external pin inter- IT 3 INPUT 
connection. For voltage output applications, the feedback uw Ur 
resistors required for use with an external op-amp are built-in 1T 6 INPUT 
to allow various voltage ranges without the need for external NT 
components. Additionally, the HDS-1240E features practical- IT 9 INPUT 
ly glitch-free operation without the need for external adjust- Bey 


BIT 11 INPUT 
ments, and it operates on standard +15 volt power supplies. BIT 12 (LSB) INPUT 


B 
B 
B 
B 


PIN DESIGNATIONS 
HDS-1240E 
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voltages unless otherwise noted) 
Model Units HDS-1240E 
RESOLUTION FS = Full Scale Bits 12 
LSB WEIGHT A 
ACCURACY (Relative to FS) 
Linearity % FS 0.0125 max 
Differential Linearity % FS +0.0125 max 
Gain % FS +0.05 max 
Zero Offset - Unipolar yA 1 
Zero Offset - Bipolar MA 4 
Monotonicit Guaranteed 
TEMPERATURE COEFFICIENTS 
Linearity ppm/°C +3 typ; +5 max 
Differential Linearity ppm/°C +3 typ; +5 max 
Gain ppm/°C 25 
Zero Offset ppm/°C 10 
DATA INPUTS 
Logic Compaubility 
Logic “1” 
Voltage Range (Operating) Vv -0.81 to -0.96 
Voltage Range (Absolute max) Vv 0 
Current mA 10 max . 
Logic ‘‘0” 
Voltage Range (Operating) Vv -1.65 to -1.85 
Voltage Range (Absolute min) Vv -6 
Current MA 1 max 
Coding Complementary Binary (CBN) for Unipolar; 


Complementary Offset Binary (COB) for Unipolar 


OUTPUT 
Current - Unipolar 
Current - Bipolar 
Compliance 
Impedance 
Capacitance 


mA 0 to -16 

mA +8 

Vv +0.5V to -1.1V 
Q 200 


F 25 


SPEED PERFORMANCE 
‘Settling Time’ 
For FS Input Change 


to 1% of FS ns 20 typ; 30 max 
to 0.1% of FS ns 35 typ; 50 max 
to 0.0125% of FS ns 40 typ 
For 1LSB Change from 
011...11 to 100...00 to 0.0125% ns 30 typ; 35 max 
Internal Skewing Time ps 400 typ; 800 max 
Output Time Constant ps 3 into 10022 load 
Glitch Energy (with 1002 Load) pV-s 150 
mA-ns 2.5 
POWER REQUIREMENTS 
Voltage - Operating Vv +15 10%: -15 +10% 
Voltage - Absolute Limit Vv +18, -18 
Current > mA 20 typ; 30 max: 60 typ; 80 max 
Rejection Ratio %/V 0.02 max 
TEMPERATURE RANGE (Case) 
Operating 
HDS-1240E °C 0 to +70 
HDS-1240EM, HDS-1240EMB °C -55 to +100 
Storage °C =55 to +12 
THERMAL RESISTANCE? 
Junction to Air, 6ja (free air) 
HDS-1240E °C/W 65 max 
HDS-1240EM, HDS-1240EMB °c/w 65 max 
Junction to Case, Ajc °c/w 7 max - 


MTBF? 
Mean Time Between Failure 


PACKAGE OPTIONS* 


hours >1.356 X 10° 


HY24E (glass package) 
HY24G (metal package) 


NOTES: 
1 Measured with output loaded with 1002. 
2 Maximum junction temperature is 150°C. 


> HDS-1240EMB calculated using MIL Handbook-217 


Ground: Fixed Temperature Case = 60°C. 
“See Section 20 for package outline information. 


Specifications subject to change without notice. 
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APPLICATIONS 

The HDS-1240E is a current output D/A converter which is 
input compatible with standard ECL (emitter coupled logic). 
Each digital input controls an internal switch, which through 
a precision binary weighted resistor network, sets the output 
current of the device. Starting with the most significant bit 
(MSB) and proceeding toward the least significant bit (LSB), 
each lesser bit controls one-half the current value of the pre- 
ceeding bit. Therefore, the MSB (Bit 1) controls 8mA, Bit 2 
controls 4mA, and so on until the LSB is reached which has a 
weight of 3.9uA. Thus, the output of the D/A varies from 0 
with all digital inputs at a logic 1” state to -16mA with all 
inputs at a logic “O”’ state. This operating condition is called 
unipolar. For bipolar operation, an 8mA current source is 
provided. When this current source is connected to the output, 
it will then swing from -8mA to +8mA. See Figures 1 and 2 

_ for this hook-up. 


Transfer Characteristics 

With the DAC hooked-up as shown in Figure 1, the output will 
be 0 to -16mA. Since the output compliance is +0.5V to 
-1.1V, care must be taken not to let the output voltage exceed 
these limits. The input/output relationships are shown in the 
table below. 


Analog Output Digital Input Code 
[rigor [Bipolar 


0 +FS i eee 
-1/2LSB +FS -1LSB 111...10 
-1/4FS +1/2 FS 100...00 
-1/2 FS +1LSB | +1LSB 100...00 
-1/2FS 0 O11...11 
-1/2 FS-1LSB | -1LSB 011...10 
-3/4 FS -1/2LSB 001...11 
-FS +1LSB -FS -1LSB 000...00 


Table 1. Coding Table 


ANALOG OUTPUT 
A. Normal Operation Without Amplification 


The HDS-1240E is a current output D/A converter. However, 
the wide voltage compliance of +0.5V to -1.1V allows it to 
be used to generate an output voltage within this range 
which is proportional to the digital input code and the load 
impedance. When the DAC is operated in this mode the 
following formulae apply: 


Vo = -0.016 [R,] 


R, = Bi X Ry __200R, 
R;- Ry 200-Ry, 
Where: R; = the internal resistance of the DAC (20022) 
Ry = the external load resistance loading the DAC 
R; = the total resistance seen by the DAC output: 
current, i.e., Rj in parallel with Ry. 


In general, the output voltage of DAC is limited to 1V p-p. In 
this instance, from the above formulae, it can be determined 
that the maximum external load resistance will be about 902. 
Since the bipolar offsetting provision is a true current source, 
this calculation does not differ even when the DAC is used in 
the bipolar mode. Full-scale gain may be adjusted by varying 
Ry (see Figure 4). 


Applications 


0.1uF CER. 0.1uF CER. 


1 3.3uF TANT. 
CONNECT FOR 
_ BIPOLAR OPERATION 


(+8mA) 20k 


-15V 


+15V 


HDS-1240E 1Meg. 


DIGITAL 
INPUTS DAC 
| wi PIN 9 
| Offsetting 
BIT 12 Provision 


GROUND 
V PLANE 


Figure 1. Current Output Operation 


B. Operation with Voltage Amplification 


There are certain applications that require more than the 1V 
p-p that is directly obtainable with the DAC output. In these 
circumstances, the use of an ultra-high speed operational am- 
plifier is required. Figure 2 shows such an application uti- 
lizing the ADI Model HOS-050 op amp. The HDS-1240E DAC 
has built-in feedback resistors which are actively laser trim- 
med, and which eliminate the need for extra components. A 
variety of connections of these resistors allows various output 
voltages as shown in the table below. Care should be taken to 
keep all leads as short as possible, as the bandwidths encoun- 
tered jn these type circuits are quite high, and parasitics can 
be a very real problem. The power supply bypassing arrange- 
ment shown in Figure 1 should be used. : 


+15V -15V 


BIPOLAR 
RANGES 


+15V 
OFFSET 


Figure 2. Voltage Output Opera tion 


Voltage 
Range Jumper Connections 


+1.25V 7 to 9,10 to A,-2 to 6 


+2.5V 10 to A, 2'to 6 
+5V 7 to A, 2 to 6 
0 to +2.5V 7to9,10toA 
0 to +5V 10toA 


0 to +10V 7toA 


Table 2, Output Voltage Connections 


- NOTE: The value of Cfb should be optimized for best settling time 


without overshoot. If absolute accuracy of gain is required, 
a large value of resistance can be introduced in parallel with 
Pins 7 and 9 of the DAC. 
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High-Speed Low-Glitch Operation Suggestions 

The HDS-1240E D/A offers the highest available speed. 
However, with this speed performance, certain precautions 
and operating conditions should be considered. You are now 
in the RF world. | 


1. The D/A converter should be provided with a very low 
impedance grounding system to very high frequencies. A 
large ground plane is a must. 


2. Low frequency bypassing should be provided with 1yF (or 
larger) tantalum capacitors mounted between the +15V 
supply lines and ground near the D/A (see Figure 1). 

3. High frequency bypassing should be provided by ceramic 
capacitors of 0.1uF or larger mounted within 0.25 inches 
of Pins 1 and 12 to ground (see Figure 1). 

4. The D/A converter should be driven with ECL registers as 
physically close to the D/A as possible. The 10176 HEX 
“D” Master-slave flip-flop is recommended. The six most 
significant bits should come from the same package as 
shown in Figure 4. The six least significant bits should 
come from a second package. | 

5. Each digital input should be terminated with a 51022 
resistor connected between the input and -5.2V (see Fig- 
ure 4). 

6. If required, variable capacitors can be added to “‘deskew”’ 
the most significant bits for lowest glitch—although this is 
not usually required in many applications. These capacitors 

_are added as shown in Figure 4 (C1-4), and are adjusted 
for minimum glitch energy. 


7. Standard 24-pin sockets should be avoided. Individual ‘pin 
sockets” are most suited for evaluating devices, as lead 
inductance is reduced. In final designs, the D/A’s should 
be soldered directly into the printed circuit board without 
sockets. 


ULTRA-LOW GLITCH OPERATION 

For extremely low glitch requirements (<50 - 100pV-s), an 
HTS-0025 Track-and-Hold is recommended as a deglitcher 
(seé Figure 3). The duration of the HDS-1240E D/A glitch is 
approximately 10ns. The hold time of the HTS-0025 should 
be at least 15ns to “mask out”’ the glitch. 


2,3, 4 = 5102, 1/4 W, 5% 


COMPONENTS: R1, 
U1= 10102 


TIMING 
Tinns | | 
0 20 50 


Figure 3. HTS-0025 Track & Hold Used with HDS-1240E 
D/A as Deglitcher @ 20MHz Update Rate 
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13 
_ BIT D Q /, 


BIT 2 D Q 
| | veut 
Cc 
\/ 
9 0TO-1V 
BIT 3 Or gaia0 OUTPUT 
2 Cc Rt 
= 9092 
BIT 4 D Q 
i 1/6 U1 t, VV 
Cc 
‘7 
BIT 5 D BITS 
i a ee HDS-1240E 
D/A CONVERTER 
BIT 6 D Q BIT6 - 
| 1/6 U1 
c 
1 
BIT7 D Q +15V 
i 1/6 U2 + 
re uo 
BIT 8 D Q -15V 
= ¢ Weu2 oe a 
BIT 9 D Q 
fat 1/6 U2 
c 
BIT 10 D Q 
| | veu2 
c 
BIT 11 D Q 
ml 1/6 U2 
c 
BIT 12 D Q 
(LSB) 1/6 U2 
Fe eur? an ss ze ; 
STROBE GROUND 
IN 5.2 PLANE WV 
NOTES: 


1. R1-1 = 5102, 1/4 W, 5%; R1 = OUTPUT LOAD; ADI P/N 79PR1K; C1 - ERIE 538-002F, 
15-60pF, OR EQUIVALENT; C2, 3, 4 = ERIE 538-002D, 9-35pF, OR EQUIVALENT; 
C5, 8= 3.3.F TANTALUM; C6, 7 = 0.14F CERAMIC; U1, 2 = 10176, 10K ECL TYP 
“D" F-F, 

3, THE FIRST SIX MOST SIGNIFICANT BITS (BITS 1-6) SHOULD ALWAYS BE 
ROUTED THROUGH ONE 10176 FOR CONSISTENCY IN TIMING AND REDUCED 
DATA SKEW. 

3. RL IS ADJUSTED FOR ABSOLUTE GAIN (FULL-SCALE) ACCURACY. 


Figure 4. HDS-1240E — Typical Hook-Up and Test Circuit 


+15V -15V 


ALL | 
DIGITAL | 
INPUTS | 


-1.8V 


Figure 5. Recommended Burn-In Circuit 


ORDERING INFORMATION 

For commercial environment applications (0 to +70°C), order 
HDS-1240E. For extreme environment applications (-55°C to 
+100°C), order HDS-1240EM. For devices screened to MIL- 
STD-883, order HDS-1240EMB. 


ANALOG 
DEVICES 


FEATURES 
© Small Size: 2” X 2” X 0.4” 
@ Highest Speed Available 


® High Multiplying Accuracy: Maintains Monotonicity and 
Linearity for any Analog Input within the Specified Range 


@ High Current Output: 10mA Full Scale 
@ High Reliability, Hybrid Microcircuit Construction 
© Guaranteed Operation: -30°C to +85°C 


APPLICATIONS 

@ CRT Displays 

@ Waveform Generation 
@ Vector Generation 

@ Fast Digital Attenuator 


GENERAL DESCRIPTION 


The MDMS series is an ultra-high speed, one or two-quadrant, 


multiplying D/A converter capable of 10MHz operation and 
11-bit precision. The settling time for both analog and digital 
inputs is 100ns, and the large signal bandwidth of the analog 
input is in excess of 1OMHz. The module is designed for the 
needs of the graphic display field and other applications re- 
quiring high-accuracy, high-speed multiplying operation. 


The current output-of the MDMS series D/A is precisely pro- 
portional to the analog input signal multiplied by the digital 
input code. The analog input signal may be any voltage 
between OV and -10V, and can be a sine wave, triangle wave, 
sawtooth, or other waveform. The D/A output is an accurate 
scaled version of the input waveform, the scale factor being 
the digital input code. Alternatively, the analog input voltage 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 10-37. 


Ultra High Speed 
Multiplying D/A Converter . 


MDMS SERIES 


MDMS SERIES FUNCTIONAL BLOCK DIAGRAM 


Zo = 2002, 
SB, lo = +10mA 
OUTPUT 


p BIPOLAR 
OFFSET 


T 

\ 

| 

| 

| 
DIGITAL | 
INPUTS | 
| 

| 

| 

| 


nn @ 
| 
~ = 

x 


ADJUST © 


BIPOLAR oer ne eins 1S ee Ge iE 
BY CONNECTING PIN 30 to -10V, OR 
ADJUSTMENT IS REQUIRED, PIN 30 may 
BE CONNECTED THROUGH A 1.5k ADJUST- 
MENT POTENTIOMETER TO nV. 


may be used to scale a digitally generated signal. Various off- 
setting provisions are made so that the analog signal, digital 
signal, and output may be made bipolar or unipolar in order 
to accommodate various uses requiring one or two-quadrant 
operation. 


The output impedance of the D/A is 200 ohms so that a two- 


volt output swing is possible with no load. Loading the output 


with 200 ohms results in a 1 volt p-p output. If an external 
operational amplifier such as the Analog Devices’ HOS-050 
Op Amp is connected to the output of the D/A, output volt- 


ages up to 20V p-p are obtainable at a small sacrifice in speed. 


ORDERING INFORMATION 

Order Model Number MDMS-0801, MDMS-1001, or MDMS- 
1101. Ruggedized versions with extended burn-in are also 
available. Consult the factory. 
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Pa el 


fee - Pee 


MODEL | % 


=. MDMS-0801 MDMS-1001 | MDMS-1101 

‘RESOLUTION - 8 Bits 10 Bits 11 Bits 

LSB Weight 40uA 10UA : SUA 
ACCURACY (ADJUSTABLE TO) +0.2% +0.05% +0.025% 

Monotonicity Guaranteed . 

Linearity - 20uA, +1/2LSB 5A, t1/2LSB 2.5uA, +1/2LSB 
ANALOG INPUT : 

Voltage Range 0 to -10V . 

* 


4kQl +2% 
OV input scales D/A output to minimum output; 
-10V input scales D/A output to maximum output. 


Impedance 
Transfer Function (inverting) 


SPEC IFICATIONS (typical @ nua nominal power supply voltages unless otherwise noted) 


OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 


/—-———2.000 (50.8) Se ob 


aaeeee 
Seen 
DIGITAL INPUT (TTL) ane 4 
Positive Logic, “1” = +2.4V to +5.0V re Shee @ 
“QO” = OV to 0.4V 7 B aaa 4 
Loading, 2 Std. TTL Loads ry Er 2 
“QO” = -5mA * * | San A | 20 
“ys SOUA : : +p 25 errr 8 4 (60.8 
CODING (PARALLEL INPUT DATA) + 23] AEE 4 
Unipolar BIN  e aEeey sé 
Bipolar OBN i 16.8) H wae 5 
All “1’s”’ Input Maximum Positive Output e rT ttt 
All “0’s” Input Maximum Negative Output s rT HY + 
OUTPUT (CURRENT) SEER eeeeeeeeeeenenee 
Unipolar 0to +10mA . ; Ty BOTTOM VIEW 
Bipolar +5mA * s =p! ee 0.1 (2.54) GRID 
Compliance Voltage +1.5V,-2V * 7 NOTE: DOT ON TOP INDICATES POSITION 
Impedance 2002, +1% ‘ ° Perea a ae 
Loading 2008) tor Oto TVip-p Out PINS ARE GOLD PLATED PER MIL-G-5204 TYPE 1! 
0Q for 0 to 2V p-p Out 
Zero Offset (max) SOnA 7 . MATING SOCKET MSA-1 


DYNAMIC CHARACTERISTICS 


Settling Time (digital & analog) 90ns to 0.2% F.S. 100ns to 0.1% F.S. 130ns to 0.05% F.S. 


Bandwidth (analog in) 10MHz bs . 
TEMPERATURE COEFFICIENTS 

Linearity . 2ppm/°C * . 

Monotonicity Guaranteed -30°C to +85°C 
POWER REQUIREMENTS 

+15V +10% 60mA : e 

-15V +10% 20mA id bs 


Power Supply Rejection Ratio 0.005%/V * ° 
TEMPERATURE RANGE 


Operating -30°C to +85°C 


Storage -55°C to +125°C 
PHYSICAL CHARACTERISTICS 
Case Dially! Phthalate per MIL- 


M-14 Type SDG-F 


*Specifications same as MDMS-0801 
Specifications subject to change without notice. 


WAVEFORM 
DIGITAL 


INPUTS 
(SEE FIGURE 2) 


ATTENUATOR 
DIGITAL 


INPUTS 
(SEE FIGURE 2) 


ANALOG 
OUTPUT 
10 
Oo 


32 
V 
19 


MOMS.1101 


RI 

502 1 

CONVERTER [32 (SEE NOTE 1) 
#1 


NULL 
COMPENSATION 
21 : 


R2 
28 aasv -18V 
= \7 ZERO OUTPUT 
4 425 GRouND tele ame 45 
-15V. #15V 
22 
28 
MOHL-1204 ad 
D/A 
CONVERTER 
#2 17 
R3 
1g 8002 
30 SCALE FACTOR 
ADJUST 
C7 (SEE NOTE 3) 
31 32 
1 4°" GROUND 


-18V +15V 


Figure 1. The MDMS-1101 Multiplying D/A 
Used as a Digital Waveform Generator with 
Digital Attenuator Control 
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£ 
HOS-050 (SEE FIGURE 2) 
P AMP 


THIS WAVEFORM IS OBTAINED 
WITH LOGIC 00000000000 AT 
THE ATTENUATOR DIGITAL 
INPUT. 


THIS WAVEFORM IS OBTAINED 
WITH LOGIC 10000000000 AT 
THE ATTENUATOR DIGITAL 
INPUT. 


THIS WAVEFORM IS OBTAINED 
WITH LOGIC 111111111117 AT 
THE ATTENUATOR DIGITAL 
INPUT. 


NOTES 

1. R1 MAY BE OMITTED IF 0.5% DC 
SHIFT IS PERMISSIBLE BETWEEN 
MINIMUM & MAXIMUM ATTENUATION. 

2. ADJUST R2 FOR OV OUTPUT WITH 
ATTENUATOR INPUT SET FOR. 
00000000000 AND WAVEFORM 
INPUT ACTIVE. 

3. ADJUST R3 TO OBTAIN #10V OUT- 
PUT WITH ATTENUATOR INPUT SET 
FOR 11111111111 AND WAVEFORM 
INPUT ACTIVE. 


PIN DESIGNATIONS 


VVV10099991 


THE ABOVE WAVEFORMS DEPICT THE 
ANALOG OUTPUT FOR VARIOUS VALUES 
OF ATTENUATOR DIGITAL INPUTS TO 
D/A #2 WITH A DIGITAL TRIANGLE 
BEING APPLIED TO THE WAVEFORM 
DIGITAL INPUT OF D/A #1. 


PEAK POSITIVE LEVEL = 
00000000000 DIGITAL INPUT 
PEAK NEGATIVE LEVEL = 
119111911111 DIGITAL INPUT 


(THE OUTPUT OP AMP INVERTS THE 
SENSE OF THE INPUT BITS) 


Figure 2, Operation of Multiplying D/A Circuit 
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HIGH PERFORMANCE/HIGH RESOLUTION 
FEATURE SELECTION CHART 


uP BUS HIGH uP BUS 
COMPATIBLE PERFORMANCE — COMPATIBLE 


ad 
f = $ 
s 
bod 
Resolution 8 Bits 
10 Bits 
12 Bits 
13 Bits 
14 Bits 
16 Bits 


4 1/2 Digits 
5 1/2 Digits 


Conversion Time 1800ms 
50ms 
66.6us/ch 


GENERAL PURPOSE 


ae 


1q 


50us 
25us 
15us 


=a SH 
== A ell lal ea 

Low Power i ae ee ee eee ee 

Second Source iE ee Ee ee ee 


Logic TTL 
Compatibility CMOS 


Operating C= 0to +70°C 
Temperature l=-25 “Cc to +85° c 
Ranges M=-55°C to +125°C 
Dice Availabilty (ic Ran ees a Es 


Volume | 
Pag 
Volume II 
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HIGH/SPEED VIDEO 
FEATURE SELECTION CHART 


Resolution 8 Bits 
10 Bits 
12 Bits 


Conversion Time <8us 
<3 us 
<1.1ps 


Word Rate 25 MHz 
#16MHz 
Internal Reference |p @ | © | 


Logic Compatibility TTL 
ECL 


Operating C=0to +70°C 
Temperature I = -25°C to +85°C 
Ranges M = -55°C to +125°C 


Volume I 

Page 11-47 11-137] 11-73 11-149] 11-149] 11-149} 11-153 11-155} 11-157} 11-157] 11-157 
Volume II 
. Page 11-27 11-27 11-27 


Second Source 
? Complete with Track and Hold. 
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Orientation 
Analog-to-Digital Converters 


FACTORS IN CHOOSING AN A/D CONVERTER 

In the two volumes of this catalog, there are listed some 27 
different families of analog-to-digital converters (ADCs). If 
one were to consider all the variations, there would be con- 
siderably more than 50 different types to choose among. 
The reason for so many different types is the number of 
degrees of freedom in selection—technological, functional, 
performance, and package. Complete information on convert- 
ers may be found in the 246-page book, Analog-Digital Con- 
version Notes, published by Analog Devices and available for 
$5.95 from P.O. Box 796, Norwood, MA 02062. 


FUNCTIONAL CHARACTERISTICS 
Block diagrams illustrating the various conversion techniques 
appear on individual data sheets. 


The moderate-speed converters described in this catalog 
(<1MHz) employ two fundamental techniques—successive 
approximations, for moderate-to-high resolution at moderate- 
to-high speed, and integration, for high resolution at modest 
speeds. The AD ADC80 and ADC1131 are examples of the 
former, the AD7550 and AD7583, the latter. 


Like a chemist’s balance with binary weights (1/2, 1/4, 1/8, 
etc.), the successive-approximation converter compares the 
unknown input with sums of accurately-known binary frac- 
tions of full scale, starting with the largest (271), and rejecting 
any that change the comparator’s state (‘‘tip the scale”). At 
the end of conversion (EOC), the output of the converter 

is a digital word, representing the ratio of the input to full 
scale by a fractional-binary code. 


Integrating types count pulses for a period proportional to the 
input. Most-frequently used are dual slope types, which count 
off the period required for the integral of the reference to 
become equal to the average value of the input (over a fixed 
period). Integrating types can be made insensitive to drift by . 
storing errors during an error-correcting cycle and subtracting 
them during the input-measuring cycle. This correction can be 
performed in analog fashion, using capacitance for storage, or 
digitally —using the information stored in a counter for cor- 
rection (AD7550). 


The video converters described here (MATV, MOD-1205, etc.) 
employ two basic encoding techniques: simultaneous, or flash 
conversion, and serial-Gray-Code conversion. High resolution 
and high speed are obtained by subranging, i.e., by performing 
an n-bit conversion in two steps; Analog Devices has perfected 
a form of subranging, known as DSC—digitally corrected sub- 
ranging—which permits accurate resolutions of 12 bits and 
more.* 


In flash conversion, the analog signal is compared against 
2" ~ 1 graded voltage levels, using as many comparators, and 
the comparator output logic levels are processed by a priority 


*A considerable amount of useful information about the differences 
between video conversion and moderate-speed conversion can be found 
in the article “Very High Speed Data Acquisition,” by Ed Graves, in 
Analog Dialogue 13-2, available upon request. 
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encoder, which converts the ‘‘thermometer”’ output to a bina- 
ry (or Gray) code. Since the whole conversion occurs essential- 
ly simultaneously, it is the fastest means of conversion, but it 
requires many accurate comparators and large numbers of gates. 


In serial-analog-parallel-digital conversion, there are a number 
of cascaded stages, each having a gain of +2 for signals less 
than one-half the reference, and a gain of -2 for signals be- 
tween one-half the reference and full scale. At each stage, a 
decision is made as to whether the signal is larger (1) or smal- 
ler (O) than one-half the reference; the stage’s analog output 
becomes the input to the next stage. The complete time for 
one conversion is.determined by the propagation delay of the 
analog signal through all stages; however, since the decision 
of each stage can be latched as soon as the stage has settled 
(and a new conversion can, in principle, be started as soon 

as the first bit has been latched), the rate at which conver- 
sions come out of the pipeline is considerably faster than the 
time for one sample to go through the conversion process. 
Though fast, this process is difficult to implement accurately 
for more than a few bits, because of the compounding of 
gain (hence errors). | 


A subranging converter digitizes to a group of more-significant 
bits, and stores them in a latch. A fast, very-high-accuracy 
D/A converter converts them to an analog signal, which is then 
subtracted from the input. The difference, or residue, is ampli- 
fied and digitized, and (in DCS) the result is combined digit- 
ally in such a way as to correct for mid-scale conversion errors. 


Whatever the technique, these A/D converters comprise several 
essential functions: an analog section, a digital data-generating — 
section, data outputs, and digital controls. 


Analog Section 

This section requires a reference, one or more high-gain com- 
parators, and either a D/A converter (successive approxima- 
tions) or a controllable integrator. The reference may be in- 
ternal or external, fixed or variable, and of a specified polarity/ 
sense in relation to the analog input. In ratiometric conversion, 
the reference is usually external and variable. 


In successive-approximation converters the comparator is 
generally used in the current-summing mode; that is, the 
current output of the DAC is summed with the current devel- 
oped in the DAC’s “feedback resistor’’ by the input voltage (of 
opposite polarity), and the balancing action of the converter 
tends to bring the summing junction towards a voltage null 
(much like that of an op amp) at the end of conversion. The 
typical DAC feedback options, when applied in an ADC, 
provide input-scaling choices. When the bipolar-offset connec- 
tion is jumpered to the summing point, input signals of both 
polarities can be handled. The current-switching action of the 
DAC, at the typically fast clock-rates used in successive-ap- 
proximation converters, can disturb the output of the analog 
signal source, especially if it is a slow high-precision op amp. 
In such cases, buffering may be necessary. 


In integrating types, absolute-value and polarity-sensing circuitry 


may be required at the front end to handle both polarities of 
input. Outputs are usually sign-magnitude BCD. However, the 
AD7550, which uses an offset-reference scheme, requires none 


of the above; and it has a two’s-complement binary output. The 


AD7555 provides the quadslope control logic, counters, and 


analog switching, but require external integrators and comparators. 


Digital Data-Generating Section 

In successive-approximation types, this section consists of a 
discrete or integrated successive-approximations register (SAR), 
its controls, and inputs from the comparator and clock (which 
is on-board, but in many cases permits external clock pulses, 
frequency adjustment, and/or control). In integrating types, 
this section consists of the clock-pulse generator, the coun- 
ter(s), the input from the comparator, and the associated 
controls. Often, provisions are made for the pulse-train to be 
jumpered to the counter externally, so that the pulse train can 
be operated on externally, or can transmit its train of pulses 
to a remote counter. In a few types there are no on-board 
counters or registers; the pulse train, magnitude, overrange, 
and control terminals are intended to communicate with 
external counters and registers. 


- Data Outputs 


Factors to consider here include coding, resolution, overrange 
information, levels, format, validity, and timing. Coding is 
usually binary, including jumper-connected offset-binary and/ 


or two’s complement for bipolar input signals. For some types, 


BCD is available, with sign-magnitude for bipolar inputs. Out- 
put coding specs should always be checked for digital polarity 
(positive- or negative-true) of both magnitude and sign infor- 
mation. The resolution (number of output bits) must be suffi- 
cient for the application; in addition, the specifications must 
be checked to ascertain that not only will all 2" (binary) 
output codes be present (no missing codes), but they must all 
be present at any temperature in the operating range and 
related to the input with sufficient accuracy. Integrating types 
generally have no problems with missing codes (except some- 
times at zero, with sign-magnitude coding); nevertheless, non- 
linear integration can cause the conversion relationship to 
become nonlinear. Successive-approximation types have no 
way of determining overrange; they simply fill up. However, 
counter types roll over and put out a carry flag to signal 
overrange 


The data levels available at the converter output must be 
checked (TTL, low-voltage CMOS, high-voltage CMOS, ECL), 
as must the load-driving capability and fanout, and the supply 
conditions under which appropriate output levels will be 
furnished. The available choice of output formats must also be 
as desired—parallel, serial, byte-serial, and/or pulse-train. If the 
converter is intended to communicate directly with an 8-bit 
data bus, the output should have three-state capability, and 
parallel outputs must be enabled in bytes of 8 or fewer lines 
(AD573, AD574A). If the output is serial, it is usually NRZ 
(non-return-to-zero) and should be accompanied by a set of 
synchronized clock-pulses. 


A status (or busy or EOC) output changes state to indicate 
when the data becomes valid. The exact nature of this transi- 
tion should be specified—polarity, timing, levels, etc. For serial 
data, the exact relationship between the data and the synchro- 


- nizing clock should be specified, to indicate when each bit 


becomes valid, and for how long. In general, the timing of the 
whole conversion process must be clearly understood, especial- 
ly if high speeds are necessary, either for conversion, or for 
communication with a processor (or both). The timing dia- 
grams on specification sheets are usually accompanied by 
adequate descriptions of the conversion process and specifica- 
tions of the critical interface parameters. 


Controls 

The functions, action (levels or edges), polarity, and timing of 
all control inputs and outputs should be clearly understood, as 
well as their loading characteristics and dependence on the 
supply. In addition to the essential start-conversion-command 
input and a status output, various control commands may be 
available, such as clock inhibit, bigh (low)-byte enable, status 
enable, and—for speeding up conversion at the cost of resolu- 
tion in successive-approximation converters—short-cycle. 


Power Supplies 

Appropriate power supplies should be made available, con- 
sidering the logic levels and analog input signals to be employed 
in the system. The appropriate degree of power-supply stability 


_ to meet the accuracy specifications should be provided. Any — 


recommended external protection circuitry should be: planned 
for. In many cases, separate analog and digital grounds are 
required; ground wiring should follow best practice to mini- 
mize digital interference with high-accuracy analog signals, 
while ensuring that a connection between grounds can always 
exist at one point, even if the ‘‘mecca’’ point is inadvertently 
unplugged from the system. 


Application Checklist 
The designer will generally require specific information in the 
following categories, before proceeding to the selection process: 
@ Accurate description of input and output 

1. analog signal range and source or load impedance 


2. digital code needed — binary, offset binary, 2’s com- 
plement, BCD, etc. 


3. logic level system, i.e., TTL/DTL compatible 
What is the needed data throughput rate? 
What are the control interface details? 


What does the system error budget allow for the converter? 


What are environmental conditions — temperature range, 
time, supply voltage — over which the converter should 
operate to the desired accuracy? 


For A/D converters, the following considerations are typical. 


@ What is the analog input voltage range, and to what resolu- | 
tion must the signal be measured? 
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@ What is the requirement for linearity error (or relative 
accuracy error)? 


@ To what extent must the various sources of error be mini- . 
mized as environmental temperature changes? 


@ How much time can be allowed in the system for each 
complete conversion? What aperture uncertainty and 
acquisition time are needed for the sample-hold? 


@ How stable is the system power supply? What errors will 
result from power supply terminal voltage variations of 
this order? 


@ Can the system tolerate missed codes under any con- 
ditions? 


@ What is the character of the input signal? Is it noisy, 
sampled, filtered, rapidly-varying, slowly-varying? What 
kind of pre-processing is to be (or can be) done that will 
affect the choice (and cost) of the converter? Is aliasing 
a potential problem? 


SPECIFICATIONS & TERMS 

Definitions of performance specifications, and related informa- 
tion, are to be found on the following pages, in alphabetical 
order.* 


Accuracy, Absolute 

The error of an A/D converter at a given output code is the 
difference between the theoretical and the actual analog input 
voltages required to produce that code. Since the code can be 
produced by any analog voltage in a finite band (see Quantizing 
Uncertainty), the “input required to produce that code”’ is 
defined as the-midpoint of the band of inputs that will pro- 
duce the code. For example, if 5 volts (+1.2mV) will theoreti- 
cally produce a 12-bit half-scale code of 100000000000, then 
a converter for which any voltage from 4.997V to 4.999V will 
produce that code will have absolute error of 

1/2(4.997 + 4.999) - 5 volts = -2mV. 


Absolute error comprises gain error, zero error, and nonlinear- 
ity, together with noise, Absolute-accuracy measurements 
should be made under aset of standard conditions with sources 
and meters traceable to an internationally accepted standard. 


Accuracy, Relative 

Relative accuracy error, expressed in %, ppm, or fractions of 
an LSB, is the deviation of the analog value at any code (rela- 
tive to the full analog range of the device transfer characteris- 


*For video converters, there are a number of additional application- 
oriented specifications pertaining to the device’s use in a system 
(e.g., noise power ratio, differential phase, differential gain, signal-to- 
noise ratio). Some useful references for understanding such specifica- 
tions can be found in the following publications, available from 
Analog Devices, Computer Labs Division, 505 Edwardia Drive, 
Greensboro, NC 27409, . 


Kester, W. A., ‘‘PCM Signal Codecs for Video Applications”, SMPTE 
Journal, Volume 88, November 1979, pp 770-778. 

Pratt, W. J., ‘““Test A/D Converters Digitally”’, Electronic Design, 
December 6, 1975 

Smith, B.F. and Pratt, W.J., “Understanding High-Speed A/D 
Converter Specifications’, Computer Labs, 1974 
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tic) from its theoretical value (relative to the same range), after 
the full-scale range (FSR) has been calibrated. 


Since the discrete points on the theoretical transfer character- 
istic lie on a straight line, this deviation can also be interpreted 
as a measure of nonlinearity (see Linearity). 


The “discrete points’’ of an A/D transfer characteristic are the 
midpoints of the quantization bands at each code (see Accu- 
racy, Absolute). 


Aperture Time 

This is the interval between the application of the bold com- 
mand toa sample/track-hold and the actual opening of the 
switch. The aperture time consists of a delay (which depends 
on the logic and the switching device—50ns for SHA1144) and 
an uncertainty (due to jitter—20ps max rms for HTS-0025). 
When a sample-hold is used in an application where timing is 
critical, the timing of the hold command can be advanced to 
compensate for the known component of aperture delay. The 
jitter, however, imposes the ultimate limitation on timing ac- 
curacy. When a sample-hold is used with an ADC, the timing 
uncertainty of the conversion process is reduced by the ratio 
of aperture jitter to the conversion time, i.e., the maximum 
frequency which can be handled with less than 1LSB error due 
to timing is 2/(m Tay) instead of 2"/(m T,), where Tay is the 
aperture uncertainty and 7, is the conversion time. 


Common Mode Rejection (CMR) 

The ability of a device to reject the effect of voltage applied 

to both input terminals simultaneously. Usually expressed as 
the log of a “common-mode rejection ratio,” e.g., 1,000,000: 1 
(CMRR) or 120dB (CMR). A CMRR of 1,000,000 to 1 means 
that a 1V common-mode voltage passes through the amplifier 
as through it were a differential signal of one microvolt at 

the input. 


Conversion Time and Conversion Rate 


The time required for a complete measurement by an ADC is 
called conversion time. For most converters (assuming no sig- 
nificant additional systemic delays), this is identical to the 
inverse of conversion rate. However, in some high-speed con- 
verters, because of pipelining, new conversions are initiated 
before the results of prior conversions have been determined; 
thus, for example, the MOD-1205 can provide 12-bit output 
data at a 5MHz word rate (200ns/conversion), even though the 
time for any one conversion, from start to finish, is two clock 
periods plus 275ns, or 675ns, at 5MHz. 


Dual-Slope Converter : 

An integrating analog-to-digital converter in which the unknown 
signal is converted to a proportional time interval, which is 
then measured digitally. This is done by integrating the un- 
known for a predetermined time. Then a reference input is 
switched to the integrator, and integrates ‘“down” from the 
level determined by the unknown until a “‘zero”’ level is 
reached. The time for the second integration process is propor- 
tional to the average of the unknown signal level over the 
predetermined integrating period. A digital time-interval meter 
(i.e., counter) is generally used as the output indicator. 


INTEGRATOR 
OUTPUT 


SIGNAL INTEGRATE 
TIME 


REFERENCE INTEGRATE 
TIME 


Feedthrough 

Undesirable signal-coupling around switches or other devices 
that are supposed to be turned off or provide isolation, e.g., 
feedthrough error in a multiplexer. It is variously specified in 
%, ppm, fractions of 1 LSB, or fractions of 1 volt, win a given 
set of inputs, at a specified frequency. 


“Flash” Converter 

A converter in which all the bit choices are made at the same 
time. It requires 2" - 1 voltage-divider taps and comparators, 
and a comparable amount of priority encoding logic. An ex- 
tremely fast scheme, it requires large numbers of precision 
components. Flash converters are often used for partial con- 
versions in subranging converters. 

Gain Adjustment 

The “gain” of a converter is that analog scale factor setting 
that provides the nominal conversion relationship, e.g., 10V 
full scale, in a fixed-reference converter, or 100% of full-scale 
in a ratiometric converter. Gain- and zero-adjustment princi- 
ples are discussed under zero. 


Least Significant Bit (LSB) 

In a system in which a numerical magnitude is represented by 
a series of binary (i.e., two-valued) digits, the “‘least significant 
bit”’ is that digit (or “‘bit’’) that carries the smallest value or 
weight. For example, in the natural binary number 1101 (dec- 
imal 13, or 2? + 27 +0 + 2°), the rightmost “1” is the LSB. 
Its analog weight, relative to full scale, is 2", where n is the 
number of binary digits. It represents the smallest change that 
can be resolved by an n-bit converter. 


Linearity Error 

Linearity error of a converter, expressed in percent or parts- 
per-million of full-scale range, or fractions of a least-significant 
bit, is the deviation of the analog values from a straight line, in 
a plot of the measured conversion relationship. The straight 
line can be either a “best straight line,’ determined empirically 
by manipulation of the gain and/or offset to equalize maxi- 
mum positive and negative deviations of the actual transfer 
characteristic from this straight line; or, it can be a straight line 
passing through the end points of the transfer characteristic 
after they have been calibrated. Sometimes referred to as 
“end-point” nonlinearity, the latter is both a more conserva- 
tive measure and is much easier to verify in actual practice. 
“End-point”’ nonlinearity is similar to relative accuracy error 
(see Accuracy, Relative). Linearity has two components— 
differential and integral nonlinearity. 


Linearity, Differential and Integral 

A digital output code should correspond to,a quantum of | 
analog input values exactly 1 LSB in width (2™ of full scale, 
for an n-bit converter). Any deviation of the measured “‘step”’ 
from the ideal width is called Differential Nonlinearity. It is 

an important specification, because a differential nonlinearity 
error greater than 1 LSB can lead to nonmonotonic behavior of 
of a D/A converter, and missed codes in an A/D converter 
employing such a DAC. A flagrant example of differential non- 
linearity is shown here. 


DIGITAL 


CODES DAC OUTPUT 


LEVELS FOR 
EACH CODE 


xxion WLLL 
aay 
x10 VAIL LLL 
fe a 
01 VL LLL LLL 
x00 WAY LLL 
— 7a 


XX001 


f 


DIFFERENTIAL 
LINEARITY 
ERROR 


QUANTUM 


0 
-1 1/2 LSB 
0 
+1 1/2 LSB 
0 


1LSB 
-1/2 LSB 
1LSB 
2 1/2 LSB 
1LSB 


ANALOG 
7 VALUES 


In the illustration, the horizontal bars represent the measured 
DAC output values corresponding to 6 adjacent digital codes, 
The DAC is nonlinear, in that the next-least-significant bit 
(XX010) is 1% LSB too large. Thus, instead of the five quanta, 


or steps, being all equal ( = 1 LSB), quantum 2 is 2% LSB and 


quantum 4 is -% LSB. The differential linearity error, the dif- 
ference between the actual quantum width and the ideal 

1 LSB, is +1% LSB for quantum-2 and -1% LSB for 

quantum 4. 


When this DAC is used in successive-approximations conver- 
sion, it will lead to a missed code. Analog inputs slightly larger 
than the value of XX100 will be converted to XX100, and 
analog inputs slightly less than the value of XX100 will be con- 
verted to XX010. The code XX011 will not exist; it will be a 
missed code. 


Often, instead of a maximum differential nonlinearity speci- 
fication, there will be a simple specification of “‘no missed 
codes”, which implies a differential nonlinearity less than . 
1 LSB. 


While differential nonlinearity deals with errors in step size, 
integral nonlinearity has to do with deviations of the overall 
shape of the conversion response. Even converters that are not 
subject to differential linearity errors (e.g., integrating types) 
have integral linearity (sometimes just “‘linearity’’) errors. 


Power-Supply Sensitivity 

The sensitivity of a converter to dc changes in power-supply 
voltages is normally expressed in terms of percentage change 
in analog input value (or fractions of the analog equivalent 
of 1 LSB), corresponding to a given code, for a 1% dc change 
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in the power supply, e.g., 0.05%/%AVg). Power-supply sensi- 
tivity may also be expressed in relation to a specified dc shift 
of the supply voltage. High-accuracy ADCs intended for 
battery operation require excellent rejection of large supply- 
variations. 


Quad-Slope Converter 

This is an integrating analog-to-digital converter that goes 
through two cycles of dual-slope conversion, once with zero 
input and once with the analog input being measured. The 
errors determined during the first cycle are subtracted digitally 
from the result in the second cycle. The scheme results in an 
extremely accurate converter. For example, the 13-bit single- 
chip AD7550 is a CMOS quad-slope A/D converter with typ- 
ical tempcos (gain and zero temperature coefficients) of 
Ippm/*C. 


Quantizing Uncertainty (or “Error’’) 

The analog continuum is partitioned into 2" discrete ranges 
for n-bit conversion. All analog values within a given range are 
represented by the same digital code, usually assigned to the 
nominal midrange value. There is, therefore, an inherent quan- 
tization uncertainty of +% LSB, in addition to the actual 
conversion errors. In integrating converters, this “error” is 
often expressed as ‘‘t1 count.” 


Ratiometric Converter 
The output of an A/D converter is a digital number propor- 
tional to the ratio of (some measure of) the input to a refer- 


_ ence. Most requirements for conversions call for an absolute 


measurement, i.e., against a fixed reference. In some cases, 
where the measurement is affected by a changing reference 
voltage (e.g., the voltage applied to a bridge), it is advantageous 
to use that same reference as the reference for the conversion, 
to eliminate the effect of variation. Ratiometric conversion 
can also serve as a substitute for analog signal division (where 
the denominator changes but little during the conversion). 


Stability | 

Stability of a converter, usually applies to the insensitivity 
of its characteristics with time, temperature, etc. All measure- 
ments of stability are difficult and time consuming, but sta- 
bility vs. temperature is sufficiently critical in most applica- 
tions to warrant universal inclusion in tables of specifications 
(see ‘““Temperature Coefficients’’). 


Subranging Converters 

In this type of converter, an extremely fast conversion pro- 
duces the most-significant portion of the output word. This 
portion is converted back to analog with a fast high-accuracy 
D/A converter and subtracted from the input. The resulting 
residue is converted to digital at high speed and combined with 
the results of the earlier conversion to form the output word. 
In digitally corrected subranging (DCS), the two bytes are com- 
bined in a manner that corrects for the error of the LSB of the 
most-significant byte. For example, using 8-bit and 5-bit 
conversion, and this proprietary technique, a full-accuracy 
high-speed 12-bit converter can be built. 
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Successive Approximations 

Successive approximations is a high speed method of compar- 
ing an unknown against a group of weighted references, The 
operation of a successive approximations A/D converter is 
generally similar to the orderly weighing of an unknown quan- 
tity on a precision chemical balance, using a set of weights 
such as: 1 gram, 1/2 gram, 1/4 gram, 1/8 gram, 1/16 gram, etc. 
The weights are tried in order, starting with the largest. Any 
weight that tips the scale is removed. At the end of the process, 
the sum of the weights remaining on the scale will be within 
one LSB of the actual weight (+% LSB, if the scale is properly 
biased — see zero). 


Temperature Coefficients 

In general, temperature instabilities are expressed in %/°C, 
ppm/°C, as fractions of 1 LSB/°C, or as a change in a para- 
meter over a specified temperature range. Measurements are 
usually made at room temperature and at the extremes of the 
specified range, and the temperature coefficient (tempco, 

T.C.) is defined as the change in the parameter, divided by the 
corresponding temperature change. Parameters of interest 
include gain, linearity, offset (bipolar), and zero. The last three 
are expressed in % or ppm of full-scale range per Celsius degree. 


Gain Tempco: Two factors principally affect converter gain 
instability with temperature: 


a) In fixed-reference converters, the reference source will 
vary with temperature. For example, the tempco of an 
AD581L is typically 5ppm/°C. 

b) The ratiometric circuitry has a sensitivity to temperature. 


Linearity Tempco: Sensitivity of linearity to temperature 
over the specified range. To avoid missed codes, it is suf- 
ficient that the differential nonlinearity error be less than 

1 LSB at any temperature in the range of interest. The dif- 
ferential nonlinearity temperature coefficient may be ex- 
pressed as a ratio, as a maximum change over a specified 
temperature range, and/or implied by a statement that there 
are no missed codes when operating within a specified temper- 
ature range. 


Offset Tempco The temperature coefficient of the all- 
DAC-switches-off (minus full-scale) point, of a bipolar 
successive-approximations converter, is dependent on three 
variables: 

1) The tempco of the reference source 

2) The voltage stability of the input buffer and the 

comparator 

3) The tracking capability of the bipolar-offset resistors 

_and the gain resistors. 


Unipolar Zero The zero tempco of an ADC is dependent 
only on the zero stability of the integrator and/or the i input 
buffer and the comparator. It may be expressed in uV/°C, 
or in percent or ppm of full-scale per degree C. 


Sg ee 
Zero- and Gain-Adjustment Principles 


oe to all-bits-on to occur at F.S. (1 - 4x 2). The “zero” of an 
The zero adjustment of a unipolar ADC is set so that the ee eae 


a ; 1 offset-binary bipolar ADC is set so that the first transition 
transition from all-bits-off to LSB-on occurs at —5 x 2° occurs at -F.S, (1 - 2") and the last transition at +F.S. 


of nominal full-scale. The gain is set for the final transition (1 — 3 x 2"), The data sheet instructions should be followed. 


X100 


ADC 
x011 
OUTPUT CODE 
X010 
x001 ANALOG INPUT 


>| jo %LSB 


ANALOG-TO-DIGITAL CONVERTERS VOL. I, 11-9 


ANALOG 
DEVICES 


FEATURES 
Complete A/D Converter with Reference and Clock 
Fast Successive Approximation Conversion — 25s 
No Missing Codes Over Temperature 
0 to +70°C — AD570J 
-55°C to +125°C — AD570S 
Digital Multiplexing — 3 State Outputs 
18-Pin DIP . 
Low Cost Monolithic Construction 


PRODUCT DESCRIPTION 

The AD570 is an 8-bit successive approximation A/D converter 
consisting of a DAC, voltage reference, clock, comparator, suc- 
cessive approximation register and output buffers — all fabri- 
cated on a single chip. No external components are required 

to perform a full.accuracy 8-bit conversion in 25ys. 


The AD570 incorporates the most advanced integrated cir- 
cuit design and processing technology available today. I? L 
(integrated injection logic) processing in the fabrication of the 
SAR function along with laser trimming of the high stability 
SiCr thin film resistor ladder network at the wafer stage (LWT) 
and a temperature compensated, subsurface Zener reference 
insures full 8-bit accuracy at low cost. 


Operating on supplies of +5V and -15V, the AD570 will ac- 
cept analog inputs of 0 to +10V unipolar or +5V bipolar, 
externally selectable. As the BLANK and CONVERT input is 
driven low, the three state outputs will be open and a conver- 
sion will commence. Upon completion of the conversion, the 
DATA READY line will go low and the data will appear at the 
output. Pulling the BLANK and CONVERT input high blanks 
the outputs and readies the device for the next conversion. 
The AD570 executes a true 8-bit conversion with no missing 
codes in approximately 25us. 


The AD570 is available in two versions; the AD570J is spec- 
ified for the 0 to 70°C temperature range, the AD570S for 
~55°C to +125°C, Both guarantee full 8-bit accuracy and no 
missing codes over their respective temperature ranges. 

The AD570J is also offered in an 18-pin plastic DIP. 


*Protected by Patent Nos. 3940760, 4213806 and 4136349. 


Low Cost, Complete IC 
8-Bit A to D Converter 


ADS 70* 


AD570 FUNCTIONAL BLOCK DIAGRAM 


DIGITAL 
veov COMMON 


BLANK & 
CONVERT CONTROL 


TEMPERATURE COMPENSATED 
BURIED ZENER REFERENCE 
AND DAC CONTROL 


18-PIN DUAL IN LINE PACKAGE 


PRODUCT HIGHLIGHTS 

1. The AD570 is a complete 8-bit A/D converter. No 
external components are required to perform a con- 
version. Full scale calibration accuracy of +0.8% (2LSB 
of 8 bits) is achieved without external trims. 


2. The AD570 is a single chip device employing the most 
advanced IC processing techniques, Thus, the user has at 
his disposal a truly precision component with the relia- 
bility and low cost inherent in monolithic construction. 


3. The AD570 accepts either unipolar (0 to +10V) or 
bipolar (-5V to +5V) analog inputs by simply grounding 
or opening a single pin. 

4. The device offers true 8-bit accuracy and exhibits no 
missing codes over its entire operating temperature 
range. : 

5. Operation is guaranteed with -15V and +5V supplies. The 
device will also operate with a -12V supply. 

6. The AD570S is also available with processing to MIL- 
STD-883, Class B. The single chip construction and 


functional completeness make the AD570 especially 
attractive for high reliability applications. 
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SPECIFICATIONS 


(typical @ +25°C with V+ = +5V, V- = -15V, all voltages measured with respect to digital common, unless otherwise indicated). 


MODEL ~ AD570J ~ ADS570S! 
RESOLUTION? 8 Bits * 
RELATIVE ACCURACY @ 25°C?:3:4 +1/2LSB max * 

Tmin to Tmax | +1/2LSB max ‘ 


FULL SCALE CALIBRATION?>® 
(With 1592 Resistor In Series With 


Analog Input +2LSB (typ) . 
UNIPOLAR OFFSET (max)* +1/2LSB + 
BIPOLAR OFFSET (max)* +1/2LSB : 


DIFFERENTIAL NONLINEARITY 
(Resolution for Which no Missing 
Codes are Guaranteed) 


+25 C 8 Bits 7 
Tmin to Tmax 8 Bits * 
TEMPERATURE RANGE 0 to +70°C -55°C to +125°C 


TEMPERATURE COEFFICIENTS* 
Guaranteed max Change 


Unipolar Offset +1LSB (88ppm/°C) +1LSB (40ppm/°C) 
Bipolar Offset +1LSB (88ppm/°C) _ +1LSB (40ppm/°C) 
Full Scale Calibration® +2LSB (176ppm/°C) +2LSB (80ppm/°C) - 
(With 1522 Fixed Resistor or | 7 
20082 Trimmer) 


POWER SUPPLY REJECTION* 
Max Change In Full Scale Calibration 
TTL Positive Supply 


+4. 5V<V+<S+5.5V +2LSB max * 
Negative Supply 

-16.0VSV-<-13.5V +2LSB max i 

ANALOG INPUT RESISTANCE 3kQ min ‘ 

5kQQ typ : 

7kQQ max 


ANALOG INPUT RANGES 
(Analog Input to Analog Common) 


Unipolar 0 to +10V ‘ 
Bipolar | | -5V to +5V 
OUTPUT CODING 
Unipolar | Positive True Binary . 
Bipolar Positive True Offset Binary * 
LOGIC OUTPUT 
Bit Outputs and Data Ready 
Output Sink Current 3.2mA min * 
(Vout = 0.4V max, Tmin to Tmax) (2TTL Loads) i 
Output Source Current (Bit Outputs)’ 
(Vout = 2.4V min, Tmin tO Tmax) 0.5mA min * 
Output Leakage When Blanked +40uA max i 


LOGIC INPUT 
Blank and Convert Input 


O<V;,<V+ +40uA max = 
Blank — Logic “1” 2.0V min . 
Convert — Logic ‘0” 0.8V max . 

CONVERSION TIME 15ys min 
25us typ . 
40us max Ms 
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ALL MODELS 


POWER SUPPLY 
Absolute Maximum 
V+ 
\- 


Specified Operating — Rated Performance 


V+ 
vV- 
Operating Range 
V+ 
V- 
Operating Current 
Blank Mode 
V+=+5V 
V-=-15V 
Convert Mode 
V+=+5V 
V-=-15V 


*Specifications same as AD570J 
Specifications subject to change without notice. 


NOTES 


+7V 
-16.5V 


+5V 
-15V 


+4.5V to +5.5V 
-12.0V to -16.5V 


2mA typ (10mA max) 
9mA typ (15mA max) 


5mA 
10mA 


1 The AD570S is available processed and screened to the requirements of MIL-STD-883B, Class B. 


When ordering, specify the AD570SD/883B. 


? The AD570 is a selected version of the AD571 10-bit A to D converter. As such, some devices may 
exhibit 9 or 10 bits of relative accuracy or resolution, but that is neither tested nor guaranteed. 
Only TTL logic inputs should be connected to pins 1 and 18 (or no connection made) or damage 


may result. 


3? Relative accuracy is defined as the deviation of the code transition points from the ideal transfer . 
point on a straight line from the zero to the full scale of the device. 
“ Specifications given in LSB’s refer to the weight of a least significant bit at the 8-bit level, which is 


0.39% of full-scale. 


5 Full scale calibration is guaranteed trimmable to zero with an external 2002 potentiometer in place 
of the 152 fixed resistor. Full scale is defined as 10 volts minus 1 LSB, or 9.961 volts. 
* Full Scale Calibration Temperature Coefficient includes effects of unipolar offset drift as well as 


gain drift. 


7 The Data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector - 


with a nominal 6kQ internal pull-up resistor. 


ABSOLUTE MAXIMUM RATINGS 


V+ to Digital Common: o3 wok een een RD Oe ee es 0 to +7V 
V- to Digital Common ......... 000s eens 0 to -16.5V 
Analog Common to Digital Common. .............. +1V 
Analog Input to Analog Common.................. nce oe 
Control Inputs... 6 3.6 cae now be ee ewe, eee Oto V+ 
Digital Outputs (Blank Mode).................0.. 0 to V+ 
Power Dissipation..................0.0.00000.. 800mW 
AD570 ORDERING GUIDE 

. ; Temperature 
Model Package Number’ Range 
AD570JN 18-Pin Plastic DIP (N18A)? 0 to +70°C 
AD570JD 18-Pin Ceramic DIP (D28A) 0 to +70°C 
AD570SD 18-Pin Ceramic DIP (D18A) -55°C to +125°C 
ADS570SD/883B = 18-Pin Ceramic DIP (D18A) -55°C to +125°C 


1 See Section 20 for package outline information. 
?To be available June 1982. 


@ bind 
IDENTIFIER 


*SEE NOTE 2, SPEC TABLE 


Figure 1. AD570 Pin Connections 
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CONNECTING THE AD570 FOR STANDARD OPERATION 


The AD570 contains all the active components required to 
perform a complete A/D conversion. Thus, for most situa- 
tions, all that is necessary is connection of the power sup- 
ply (+5 and -15), the analog input, and the conversion 

start pulse, But, there are some features and special con- 
nections which should be considered for achieving optimum 
performance. The functional pin-out is shown in Figure 1. 


FULL SCALE CALIBRATION : 

The 5k22 thin film input resistor is laser trimmed to produce 
a current which matches the full scale current of the internal 
DAC~—plus about 0.3%—when a full scale analog input voltage 
of 9.961 volts (10 volts — 1LSB) is applied at the input. The 
input resistor is trimmed in this way so that if a fine trimming 
potentiometer is inserted in series with the input signal, the 
input current at the full scale input voltage can be trimmed 
down to match the DAC full scale current as precisely as 
desired. However, for many applications the nominal 9.961 
volt full scale can be achieved to sufficient accuracy by simply 
inserting a 1582 resistor in series with the analog input to pin 
14. Typical full scale calibration error will then be about 
+2LSB or +0.8%. If a more precise calibration is desired 

a 20022 trimmer should be used instead. Set the analog input 
at 9.961 volts, and set the trimmer so that the output code 

is just at the transition between 11111110 and 11111111. 
Each LSB will then have a weight of 39.06mV. If a nominal 
full scale of 10.24 volts is desired (which makes the LSB have 
weight of exactly 40.00mV), a 5092 resistor in series with a 
20022 trimmer (or a 5002 trimmer with good resolution) 
should be used. Of course, larger full scale ranges can be ar- 
ranged by using a larger input resistor, but linearity and full 
scale temperature coefficient may be compromised if the 
external resistor becomes a sizeable percentage of 5kQ. 


ans (i 0 OF 
on Ly 
are [= 
ors [z 
are [ 


BIT 3 


BIT 2 8 | 


BIT 1 
MSB 


O DIGITAL COM 


5 BIPOLAR /; SHORT TO COMMON FOR ) 
CONTROL‘ UNIPOLAR, OPEN FOR BIPOLAR 


O ANALOG couMont TOLERATES 200mV ) 


TO DIGITAL COMMON 


ANALOG IN 


Rin 


152 FIXED OR 
2002 VARIABLE RESISTOR 
(SEE TEXT) 


*SEE NOTE 2, SPEC TABLE 


Figure 2, Standard AD570 Connections 


BIPOLAR OPERATION 

The standard unipolar 0 to +10V range is obtained by shorting 
the bipolar offset control pin to digital common. If the pin is 
left open, the bipolar offset current will be switched into the 
comparator summing node, giving a-5V to +5V range with an 
offset binary output code. (-5.00 volts in will give a 8-bit 
code of 00000000; an input of 0.00 volts results in an out- 
put code of 10000000 and 4.96 volts at the input yields the 
11111111 code.) 


ZERO OFFSET | 

The apparent zero point of the AD570 can be adjusted by 
inserting an offset voltage between the Analog Common of the 
device and the actual signal return or signal common. Figure 3 
illustrates two methods of providing this offset. Figure 3A 
shows how the converter zero may be offset by up to +3 bits 
to correct the device initial offset and/or input signal offsets. 
As shown, the circuit gives approximately symmetrical ad- 
justment in unipolar mode. In bipolar mode R2 should be 
omitted to obtain a symmetrical range. 
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Figure 3B shows how to offset the zero code by 1/2LSB 
to provide a code transition between the nominal bit weights. 


SIGNAL COMMON 


+15V -15V 


ZERO OFFSET ADJ 
+3 BIT RANGE 


Figure 3A. 


INPUT 
SIGNAL 


SIGNAL COMMON 


% BIT ZERO OFFSET 


Figure 3B. 


CONTROL AND TIMING OF THE AD570 

There are several important timing and control features on 
the AD570 which must be understood precisely to allow 
optimal interfacing to microprocessor or other types of con- 
trol systems, All of these features are shown in the timing 
diagram in Figure 4. 


The normal stand-by situation is shown at the left end of the 
drawing. The BLANK and CONVERT (B & C) line is held 
high, the output lines will be “open”, and the DATA READY 
(DR) line will be high. This mode is the lowest power state 

of the device (typically 150mW). When the (B & C) line is 
brought low, the conversion cycle is initiated; but the DR 

and Data lines do not change state. When the conversion cycle 
is complete (typically 25s), the DR line goes low, and within. 
500ns, the Data lines become active with the new data. 


About 1.5ps after the B & C line is again brought high, the 

DR line will go high and the Data lines will go open. When the 
B & C line is again brought low, a new conversion will begin. 
The minimum pulse width for the B & C line to blank previous 
data and start a new conversion is 2us. If the B & C line is 
brought high during a conversion, the conversion will stop, and 
the DR and Data lines will not change. If a 2s or longer pulse 
is applied to the B & C line during a conversion, the converter 
will clear and start a new conversion cycle. 


PULSE BLANKS 


BLANKS DATA OUTPUTS 


HOLDS DATA 
OUTPUTS 


START 


BaC 
INPUT CONVERSION 


CONVERSION 
CONVERSION TIME 
TIME 25us 


| 


START STOP START 


CONVERSION NEW 
CONVERSION 


DR 
OUT 1.5us 
500ns _, | | 
INDICATES 
(max) DATA READY 
DATA BLANK 


KXX VYVYY 
on BLANK ae BLANK 
AXXY NAA 


NEW DATA READY 


OUT (OPEN) 


Figure 4. AD570 Timing and Control Sequence 
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Integrated Circuit 10-Bit 
Analog to Digital Converter 


ADS71" 


FEATURES 


Complete A/D Converter with Reference and Clock 
Fast Successive Approximation Conversion — 25yus 
No Missing Codes Over Temperature 

0 to +70°C — AD571K 

-55°C to +125°C — AD571S 

Digital Multiplexing — 3 State Outputs 
18-Pin Ceramic DIP 
Low Cost Monolithic Construction 


PRODUCT DESCRIPTION 

The AD571 is a 10-bit successive approximation A/D con- 
verter consisting of a DAC, voltage reference, clock, com- 
parator, successive approximation register and output 
buffers — all fabricated on a single chip. No external 
components are required to perform a full accuracy 10-bit 
conversion in 25ys. 


The AD571 incorporates the most advanced integrated cir- 
cuit design and processing technology available today. It is 
the first complete converter to employ I? L (integrated in- 


jection logic) processing in the fabrication of the SAR function. 


Laser trimming of the high stability SiCr thin film resistor 
ladder network at the wafer stage (LWT) insures high accuracy, 
which is maintained with a temperature compensated, sub- 
surface Zener reference. 


Operating on supplies of +5V to +15V and -15V, the 

AD571 will accept analog inputs of 0 to +10V, unipolar 

or +5V bipolar, externally selectable. As the BLANK and 
CONVERT input is driven low, the three state outputs will 

be open and a conversion will commence. Upon completion 
of the conversion, the DATA READY line will go low and the 
data will appear at the output. Pulling the BLANK and CON- 
VERT input high blanks the outputs and readies the device 

_ for the next conversion. The AD571 executes a true 10-bit 
conversion with no missing codes in approximately 25us. 


The AD571 is available in two versions for the 0 to +70°C 
temperature range, the AD571J and K. The AD571S guarantees 
10-bit accuracy and no missing codes from -55°C to +125°C. 


* Covered by Patent Nos. 3,940,760; 4,213,806; 4,136,349. 
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PRODUCT HIGHLIGHTS 

1. The AD571 is a complete 10-bit A/D converter. No 
external components are required to perform a con- 
version. Full scale calibration accuracy of +0.3% is 
achieved without external trims. : 


2. The AD571 is a single chip device employing the most 
advanced IC processing techniques. Thus, the user has at 
his disposal a truly precision component with the relia- 
bility and low cost inherent in monolithic construction. 


3. The AD571 accepts either unipolar (0 to +10V) or 
bipolar (-5V to +5V) analog inputs by simply grounding 
or opening a single pin. 

4. The device offers true 10-bit accuracy and exhibits no 
missing codes over its entire operating temperature 
range. 

5. Operation is guaranteed with -15V and +5V to +15V sup- 
plies. The device will also operate with a -12V supply. 

6. The AD5715S is also available with processing to 
MIL-STD-883, Class B. The single chip construction 
and functional completeness make the AD571 especially 
attractive for high reliability applications. 
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SPECIFICATIONS 


(typical @ +25°C with V+ = +5V, V-=-15V, all voltages measured with respect to digital common, unless otherwise indicated) 


MODEL AD571J AD571K AD571SD/AD571SD-883? 
RESOLUTION 10 Bits “ aa 
RELATIVE ACCURACY @ 25°C? +1LSB max +1/2LSB max +1LSB max 

Tmin to Tmax +1LSB max +1/2LSB max +1LSB max 


FULL SCALE CALIBRATION? 
(With 15Q Resistor In Series With 


Analog Input +2LSB (typ) e 
UNIPOLAR OFFSET (max) +1LSB +1/2LSB id 
BIPOLAR OFFSET (max) +1LSB +1/2LSB m 


DIFFERENTIAL NONLINEARITY 
(Resolution for Which no Missing 
Codes are Guaranteed 


+25°C. : 10 Bits * * 
Tin to Tmax 9 Bits 10 Bits 10 Bits 
TEMPERATURE RANGE 0 to +70°C * -55°C to +125°C | 


TEMPERATURE COEFFICIENTS 
Guaranteed max Change 


Unipolar Offset +2LSB (44ppm/°C) +1LSB (22ppm/°C) +2LSB (20ppm/°C) 


Bipolar Offset +2LSB (44ppm/°C) +1LSB (22ppm/°C) +2LSB (20ppm/°C) 
Full Scale Calibration +4LSB (88ppm/°C) +2LSB (44ppm/°C) +5LSB (50ppm/°C) 
(With 15Q Fixed Resistor or 
50Q Trimmer) 


POWER SUPPLY REJECTION 
Max Change In Full Scale Calibration 
CMOS Positive Supply (K only) 


+13,55V+<+16,0V N.A. +1LSB max N.A. 
TTL Positive Supply 
+4.5V<V+5+5.5V +2LSB max +1LSB max : 
Negative Supply ; 
-16.0VSV-<-13.5V +2LSB max +1LSB max . 
ANALOG INPUT RESISTANCE 3kQ min 4 - 
5kQ typ * - 
7kQ max * i 


ANALOG INPUT RANGES 
(Analog Input to Analog Common) 


Unipolar 0 to +10V ‘ ‘ 
Bipolar -5V to +5V ° : 
OUTPUT CODING 
Unipolar Positive True Binary . 
Bipolar Positive True Offset Binary * 
LOGIC OUTPUT* | 
Bit Outputs and Data Ready 
Output Sink Current 3.2mA min : 
(Vour = 0.4V max, Tmin tO Tmax) (2TTL Loads) . = 
Output Source Current (Bit Outputs)°* 
(Vout = 2.4V min, Tmin to Tmax) 9-5mA min * 
Output Leakage When Blanked +40uA max 


LOGIC INPUT 
Blank and Convert Input 


O<VinS<V+ +40uA max : : 
Blank — Logic ‘‘1”’ 2.0V min “4 : 
Convert — Logic ‘‘0”’ 0.8V max . 

CONVERSION TIME 15ps min i . 
25s typ = . 


40s max 
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MODEL | ADS571J AD571K AD571SD/AD571SD-883! 


POWER SUPPLY : 
Absolute Maximum 


V+ +7V +16.5V 
V- -16.5V ™ : 
Specified Operating — Rated Performance 
V+ +5V +5V to +15V = 
V- -15V - _ 
Operating Range . 
V+ +4.5V to +5.5V +4.5V to +16.5V * 
V- -12.0V to-16.5V * 
Operating Current 
Blank Mode 
V+t=+5V 2mA typ (10mA max) * 
V+=+15V 5mA typ (10mA max) . 
V-=-15V 9mA typ (15mA max) ee " 
Convert Mode 
V+=45V 5mA i 
V+=+15V 10mA . 7 
V-=-15V 10mA . 2 
PACKAGE OPTIONS® . 8 
D18A AD571JD AD571KD AD571SD 
N18A’ AD571JN AD571KN 


*Specifications same as AD571J 
**Specifications same as AD571K 
Specifications subject to change without notice. 


NOTES 

‘The AD517S is available processed and screened to the requirements of MIL-STD-883, Class B. 
When ordering, specify the AD571SD/883B. 

? Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point 
on a Straight line from the zero to the full scale of the device. 

> Full scale calibration is guaranteed trimmable to zero with an external 502 potentiometer in place 
of the 1522 fixed resistor. Full scale is defined as 10 volts minus 1LSB, or 9.990 volts. 

“ Logic Input and Output Thresholds and Levels are a function of V+. They are guaranteed TTL 
compatible at V+ = +5V, CMOS compatible at V+ = 15V for the AD571K. 

‘The data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector 
with a nominal 6kQ intemal pull-up resistor. 

§ See Section 20 for package outline information. 

™To be available June, 1982. 


ABSOLUTE MAXIMUM RATINGS 


V+ to Digital Common AD571J,S............ 0 to +7V 

ADSI 04 $s oa 0 to +16.5V 
V- to Digital Common............ 50 ee 0 to -16.5V 
Analog Common to Digital Common............... +1V 
Analog Input to Analog Common. .............5005 +15V 
Control Inputs ...............00 eee eee cee OO Vt 
Digital Outputs (Blank Mode).............0.00004 0 to V+ 
Power Dissipation. ica pres wa Geet ose ek Bey 800mW 
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CIRCUIT DESCRIPTION 
The AD571 is a complete 10-bit A/D converter which requires 
no external components to provide the complete successive- 
approximation analog-to-digital conversion function, A block 
diagram of the AD571 is shown in Figure 1. Upon receipt 
of the CONVERT command, the internal 10-bit current out- 
put DAC is sequenced by the I? L successive-approximation 
register (SAR) from its most-significant bit (MSB) to least- 
significant bit (LSB) to provide an output current which 
accurately balances the input signal current through the 5kQ 
input resistor. The comparator determines whether the ad- 
dition of each successively-weighted bit current causes the DAC 
current sum to be greater or less than the input current; if the 
sum is less the bit is left on, if more, the bit is turned off. After 
testing all the bits, the SAR contains a 10-bit binary code 
which accurately represents the input signal to within +4%LSB 
(0.05%). 


DIGITAL 
veo COMMON 


__BLANK & 
CONVERT CONTROL 


BIT 
OUTPUTS 


BIPOLAR 
OFFSET 
CONTROL 


ATURE COMPENSATED 


R 
BURIED ZENER REFERENCE 
ANO DAC CONTROL 


OATA READY 


Figure 1. AD571 Functional Block Diagram 


Upon completion of the sequence, the SAR sends out a 
DATA READY signal (active low), which also brings the 

~ three-state buffers out of their ‘open’ state, making the bit 
output lines become active high or low, depending on the 
code in the SAR. When the BLANK and CONVERT line is 
brought high, the output buffers again go ‘‘open”’, and the 
SAR is prepared for another conversion cycle. Details of the 
timing are given further. 


The temperature compensated buried Zener reference 

provides the primary voltage reference to the DAC and 
guarantees excellent stability with both time and tempera- 

ture. The bipolar offset input controls a switch which allows 
the positive bipolar offset current (exactly equal to the value of 
the MSB less %LSB) to be injected into the summing (+) node 
of the comparator to offset the DAC output. Thus the nominal 
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0 to +10V unipolar input range becomes a —-5V to +5V range. 
The 5k thin film input resistor is trimmed so that with a full 
scale input signal, an input current will be generated which 
exactly matches the DAC output with all bits on. (The input 
resistor is trimmed slightly low to facilitate user trimming, as 
discussed on the next page.) _ 


POWER SUPPLY SELECTION 

The AD571 is designed for optimum performance using a 

+5V and -15V supply, for which the AD571J and AD571S 
are specified. AD571K will also operate with up to a +15V_ 
supply, which allows direct interface to CMOS logic. The input 
logic threshold is a function of V+ as shown in Figure 2, The 
supply current drawn by the device is a function of both V+ 
and the operating mode (BLANK or CONVERT). These 
supply current variations are shown in Figure 3. The supply 
currents change only moderately over temperature as shown 
in Figure 7 


Vim 
Volts 


V+, Volts 


| ttt | 
a 


‘45 6.0 6.0 7.0 8.0 9.0 10.0 11.0 120 13.0 14.0 15.0 16.0 
Vt of V~ — Volts 


Figure 3. Supply Currents vs. Supply Levels and 
Operating Modes 


CONNECTING THE AD571 FOR STANDARD 
OPERATION 

The AD571 contains all the active components required to 
perform a complete A/D conversion. Thus, for most situa- 
tions, all that is necessary is connection of the power sup- 
ply (+5 and -15), the analog input, and the conversion 

start pulse. But, there are some features and special con- 
nections which should be considered for achieving optimum 
performance, The functional pin-out is shown in Figure 4. 


Figure 4. AD571 Pin Connections 


FULL SCALE CALIBRATION 

The 5kQ2 thin film input resistor is laser trimmed to produce 
a current which matches the full scale current of the internal 
DAC—plus about 0.3%—when a full scale analog input voltage 
of 9.990 volts (10 volts — 1LSB) is applied at the input. The 
input resistor is trimmed in this way so that if a fine trimming 
potentiometer is inserted in series with the input signal, the 
input current at the full scale input voltage can be trimmed 
down to match the DAC full scale current as precisely as 
desired. However, for many applications the nominal 9.99 
volt full scale can be achieved to sufficient accuracy by simply 
inserting a 15{2 resistor in series with the analog input to pin 
13. Typical full scale calibration error will then be about 
+2LSB or +0.2%, If the more precise calibration is desired, 

a 5082 trimmer should be used instead. Set the analog input 
at 9.990 volts, and set the trimmer so that the output code 

is just at the transition between 1111111110 and 1111111111. 
Each LSB will then have a weight of 9.766mV. If a nominal 
full scale of 10.24 volts is desired (which makes the LSB have 
weight of exactly 10.00mV), a 1002 resistor in series with a 
10082 trimmer (or a 2002 trimmer with good resolution) 
should be used. Of course, larger full scale ranges can be ar- 
ranged by using a larger input resistor, but linearity and full 
scale temperature coefficient may be compromised if the 
external resistor becomes a sizeable percentage of 5kQ2. 


Bit9 | 1 | © (LSB) BIT 10 
BiT8 | 2| D OF 
BiT7 | 3 O DIGITAL COM 
site [4 | 9 BIPOLAR (SHORT TO COMMON FOR ) 
CONTROL\UNIPOLAR, OPEN FOR BIPOLAR 
Bits | 5 | © ANALOG COMMON( TOLERATES 200mv 
TO DIGITAL COMMON 
ANALOG IN 
Bits | 6 | , 
Rin 
BIT3 7 | D -15 152 FIXED OR 
502 VARIABLE 
(SEE TEXT) 
BiIT2 | 8 | OB&e 


Bit 1 (mss) | 9 | 
Figure 5. Standard AD571 Connections 


BIPOLAR OPERATION 

The standard unipolar 0 to +10V range is obtained by shorting 
the bipolar offset control pin to digital common. If the pin is 
left open, the bipolar offset current will be switched into the | 
comparator summing node, giving a -5V to +5V range with an 
offset binary output code. (-5.00 volts in will give a 10-bit 
code of 0000000000; an input of 0.00 volts results in an out- 
put code of 1000000000 and 4.99 volts at the input yeilds the 
1111111111 code). The bipolar offset control input is not di- 
rectly TTL compatible, but a TTL interface for logic control 
can be constructed as shown in Figure 6, | 


Aw OR 


74 Acom AD571 


Figure 6. Bipolar Offset Controlled by Logic Gate 


Gate Output = 1 Unipolar 0- 10V Input Range 
Gate Output=0O Bipolar +5V Input Range 


COMMON MODE RANGE 

The AD571 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much 
as +200mV of common mode range between the two 
commons, This permits more flexible control of system 
common bussing and digital and analog returns. 


In normal operation the Analog Common terminal may gener- 
ate transient currents of up to 2mA during a conversion. In 
addition, a static current of about 2mA will flow into Analog 
Common in the unipolar mode after a conversion is complete. 
An additional 1mA will flow in during a blank interval with 
zero analog input. The Analog Common current will be modu- 
lated by the variations in input signal. 


The absolute maximum voltage rating between the two com- 
mons is +1 volt. We recommend the connection of a parallel 
pair of back-to-back protection diodes between the commons 
if they are not connected locally. 


Cc =CONVERT MODE 


ees eee alae cones eee 
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8» BLANK MODE 


TEMPERATURE — °C 


Figure 7, AD571 Power Supply Current vs. Temperature 
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ZERO OFFSET _ a 
The apparent zero point of the AD571 can be adjusted by 
inserting an offset voltage between the Analog Common of the 
device and the actual signal return or signal common. Figure 8 
illustrates two methods of providing this offset. Figure 8A 
shows how the converter zero may be offset by up to +3 bits 
to correct the device initial offset and/or input signal offsets. 
As shown, the circuit gives approximately symmetrical ad- 
justment in unipolar mode. In bipolar mode R2 should be 
omitted to obtain a symmetrical range. 


SIGNAL COMMON 


+15V -15V 


ZERO OFFSET ADJ 
+3 BIT RANGE 


Figure 8. (A) 


INPUT 
SIGNAL 


SIGNAL COMMON 


% BIT ZERO OFFSET 


Figure 8. (B) 


Figure 9 shows the nominal transfer curve near zero for an 
AD571 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be pre- 
ferable to offset the code transitions so that they fall between 
the nominal bit weights, as shown in the offset characteristics. 
This offset can easily be accomplished as shown in Figure 8B. 
At balance (after a conversion) approximately 2mA flows into 
the Analog Common terminal. A 2.792 resistor in series with 
this terminal will result in approximately the desired % bit off- 
set of the transfer characteristics. The nominal 2mA Analog 
Common current is not closely controlled in manufacture. If 
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high accuracy is required, a 5Q2 potentiometer (connected as 


a rheostat) can be used as R1. Additional negative offset range 


_ may be obtained by using larger values of R1. Of course, if 


the zero transition point is changed, the full scale transition 
point will also move. Thus, if an offset of “LSB is introduced, 
full scale trimming as described on previous page should be 
done with an analog input of 9.985 volts. 


NOTE: During a conversion transient currents from the Analog 


Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. 
These transients will settle as appropriate during a conversion. 
Capacitive decoupling will ‘“‘pump up” and fail to settle re- 
sulting in conversion errors, Power supply decoupling which 
returns to analog signal common, should go to the signal 
input side of the resistive offset network. 


OUTPUT b= 
CODE 
0000000100 
0000000011 
0000000010 


0000000001 


0000000000 
OV 10mV 30mV 50mV 
INPUT VOLTAGE 


NOMINAL CHARACTERISTICS 
REFERRED TO ANALOG COMMON 


OUTPUT 

CODE 
0000000100 
0000000011 
0000000010 


0000000001 


0000000000 


OV 10mV 30mV 50mV 
INPUT VOLTAGE 


OFFSET CHARACTERISTICS WITH 
2.72. IN SERIES WITH ANALOG COMMON 


Figure 9, AD571 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration, Nominal 
Bit Weights ~9.766mV) 


CONTROL AND TIMING OF THE AD571 

There are several important timing and control features on 
the AD571 which must be understood precisely to allow 
optimal interfacing to microprocessor or other types of con- 
trol systems. All of these features are shown in the timing 
diagram in Figure 10, 


The normal stand-by situation is shown at the left end of the 
drawing. The BLANK and CONVERT (B & C) line is held 
high, the output lines will be “open”, and the DATA READY 
(DR) line will be high. This mode is the lowest power state 

of the device (typically 150mW). When the (B & C) line is 
brought low, the conversion cycle is initiated; but the DR 

and Data lines do not change state. When the conversion cycle 
is complete (typically 25us), the DR line goes low, and within 
500ns, the Data lines become active with the new data. 


About 1.5ps after the B & C line is again brought high, the 

DR line will go high and the Data lines will go open. When the 
B & C line is again brought low, a new conversion will begin. 
The minimum pulse width for the B & C line to blank previous 
data and start a new conversion is 2us. If the B & C line is 
brought high during a conversion, the conversion will stop, and 
the DR and Data lines will not change. If a 2us or longer pulse 
is applied to the B & C line during a conversion, the converter 
will clear and start a new conversion cycle. 
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Figure 10. ADS5 71 Timing and Control Sequence 


oR 
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NEW DATA READY 


CONTROL MODES WITH BLANK AND CONVERT 
The timing sequence of the AD571 discussed above allows the 


device to be easily operated in a variety of systems with differ- 


ing control modes. The two most common control modes, the 
Convert Pulse Mode, and the Multiplex Mode, are illustrated 
here. 


Convert Pulse Mode — In this mode, data is present at the out- 
put of the converter at all times except when conversion is 
taking place. Figure 11 illustrates the timing of this mode. The 
BLANK and CONVERT line is normally low and conversions 
are triggered by a positive pulse. A typical application for this 
timing mode is shown in Figure 14 in which uP bus interfacing 
is easily accomplished with three-state buffers. 


Multiplex Mode — In this mode the outputs are blanked except 
when the device is selected for conversion and readout; this 
timing is shown in Figure 12, A typical AD571 PRUPEpIne, 
application is shown in Figure 15. 


This operating mode allows multiple AD571 devices to drive 
common data lines, All BLANK and CONVERT lines are held 
high to keep the outputs blanked. A single AD571 is selected, 
its BLANK and CONVERT line is driven low and at the end of 


Control and Timing of the AD571 


conversion, which is indicated by DATA READY going low, 
the conversion result will be present at the outputs. When this 
data has been read from the 10-bit bus, BLANK and CONVERT _ 
is restored to the blank mode to clear the data bus for other 
converters. When several AD571’s are multiplexed in sequence, 
a new conversion may be started in one AD571 while data is 
being read from another. As long as the data is read and the 
first AD571 is cleared within 15s after the start of conversion 
of the second AD571, no data overlap will occur. - 


CONVERT 
PULSE 


CONVERT 
INTERVAL 
BR | 


ee 
PREVIOUS ASBLANKS NEW 
OUTPUTS DATA {QPEN) OATA 


Figure 11. Convert Pulse Mode 
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Figure 12, Multiplex Mode 


SAMPLE-HOLD AMPLIFIER CONNECTION TO THE AD571 
Many situations in high-speed acquisition systems or digitizing 
of rapidly changing signals require a sample-hold amplifier 
(SHA) in front of the A-D converter. The SHA can acquire and 
hold a signal faster than the converter can perform a conver- 
sion. A SHA can also be used to accurately define the exact 
point in time at which the signal is sampled. For the AD571, 

a SHA can also serve as a high input impedance buffer. 


Figure 13 shows the AD571 connected to the AD582 monoli- 
thic SHA for high speed signal acquisition. In this configuration, 
the AD582 will acquire a 10 volt signal in less than 10us with a 
droop rate less than 100uV/ms. The control signals are arranged 
so that when the control line goes low, the AD582 is put into 
the “hold” mode, and the AD571 will begin its conversion 
cycle. (The AD582 settles to final value well in advance of the 
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CONTROL IN 
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Figure 13. Sample-Hold Interface to the AD571 
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first comparator decision inside the AD571). The DATA up by a simple re-wiring. Polling the converter to determine 

_ READY line is fed:back to the other side of the differential if conversion is complete can be done by addressing the gate 
input control gate so that the AD582 cannot come out of the which buffers the DR line, as shown. In this configuration, 
“hold” mode during the conversion cycle. At the end of the there is no need for additional buffer register storage since the 
conversion cycle, the DATA READY line goes low, auto- data can be held indefinitely in the AD571, since the B & C 
matically placing the AD582 back into the sample mode. line is continually held low. 
This feature allows simple control of both the SHA and the A-D BUS INTERFACING WITH A PERIPHERAL INTERFACE 
converter with a single line. Observe carefully the ground, sup- CIRCUIT 
ply, and bypass capacitor connections between the two de- An improved technique for interfacing to a uP bus involves the 
vices. This will minimize ground noise and interference during use of special peripheral interfacing circuits (or I/O devices), 
the conversion cycle to give the most accurate measurements. such as the MC6821 Peripheral Interface Adapter (PIA). 


Shown in Figure 15 is a straighforward application of a PIA 

to multiplex up to 8 AD571 circuits. The AD571 has 3-state 
outputs, hence the data bit outputs can be paralleled, provided 
that only one converter at a time is permitted to be the active 
state. The DATA READY output of the AD571 is an open 
collector with resistor pull-up, thus several DR lines can be 
wire-ored to allow indication of the status of the selected 
device. One of the 8-bit ports of the PIA is combined with 


INTERFACING THE AD571 TO A MICROPROCESSOR 
The AD571 can easily be arranged to be driven from standard 
microprocessor control lines and to present data to any 
standard microprocessor bus (4-, 8-, 12-or 16-bit) with a mini- 
mum of additional control components. The configuration 
shown in Figure 14 is designed to operate with 8-bit bus 

and standard 8080 control signals. 


The input control circuitry shown is required to insure that 2-bits from the other port and programmed as a 10-bit 

the AD571 receives a sufficiently long B & C input pulse. _ input port. The remaining 6-bits of the second port are 

When the converter is ready to start a new conversion, the programmed as outputs and along with the 2 control bits 

B & C line is low, and DR is low. To command a conversion, (which act as outputs), are used to control the 8 AD571’s. 

the start address decode line goes low, followed by WR. The When a control line is in the “1” or high state, the ADC will 

B & C line will now go high, followed about 1.5ys later by be automatically blanked. That is, its outputs will be in the 
DR. This resets the external flip-flop and brings B & C back inactive open state. If a single control line is switched low, its 
to low, which initiates the conversion cycle. At the end of the ADC will convert and the outputs will automatically go active 
conversion cycle, the DR line goes low, the data outputs will when the conversion is complete. The result can be read from 
become active with the new data and the control lines will the two peripheral ports; when the next conversion is desired, 
return to the stand-by state. The new data will remain active a different control line can be switched to zero, blanking the 
until a new conversion is commanded. The self-pulsing nature previously active port at the same time. Subsequently, this 

of this circuit guarantees a sufficient convert pulse width. second device can be read by the microprocessor, and so-forth. 
This new data can now be presented to the data bus by en- The status lines are wire-ored in 2 groups and connected to the 
abling the three-state buffers when desired. A data word two remaining control pins. This allows a conversion status 
(8-bit or 2-bit) is loaded onto the bus when its decoded ad- check to be made after a convert command, if necessary. The 
dress goes low and the RD line goes low. This arrangement ADC’s are divided into two groups to minimize the loading 
presents data to the bus “‘left-justified,” with highest bits in effect of the internal pull-up resistors on the DATA READY 
the 8-bit word; a “right-justified”’ data arrangement can be set buffers. See the Motorola MC6821 data sheet for rnore ap- 


plication detail. 
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Figure 14. Interfacing AD571 to an 8-Bit Bus 
_ (8080 Control Structure) Figure 15. Multiplexing 8 AD571s Using Single PIA for uP 
Interface. No Other Logic Required (6800 Control Structure). 
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12-Bit Successive Approximation. - 
Integrated Circuit A/D Converter 


~ AD572 | 


FEATURES 

Performance 

True 12-Bit Operation: Max Nonlinearity < +0.012% 
Low Gain T.C.: < +15ppm/°C (AD572B) 

Low Power: 900mW 

Fast Conversion Time: < 25s 

Monotonic Feedback DAC Guarantees No Missing Codes 


Versatility 

Military/Aerospace Temperature Range: 
-55°C to +125°C (AD572S) 

MIL-STD-883 Processing Available 

Positive-True Serial or Parallel Logic Outputs 

Short-Cycle Capability 


Value 

Precision +10V Reference for External Application 
Internal Buffer Amplifier 

High Reliability Package 


GENERAL DESCRIPTION 

The AD572 is a complete 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, 
reference, comparator, and buffer amplifier. Its hybrid IC 
design utilizes MSI digital and linear monolithic chips and 
active laser trimming of high-stability thin-film resistors to 
provide modular performance, flexibility, and ease of use, 
combined with IC size, price, and reliability. 


Important performance characteristics of the AD572 include 

a maximum linearity error at 25°C of +0.012%, gain T.C. 
below 15ppm/°C, typical power dissipation of 900mW, and 
conversion time of less than 25us. Of considerable signifi- 
cance in military and aerospace applications is the guaranteed 
performance from -55°C to +125°C of the AD572S, and the. 
availability of units processed to MIL-STD-883. Monotonic op- 
eration of the feedback D/A converter guarantees no missing 
output codes over temperature ranges of 0 to +70°C, -25°C to 
+85°C, and -55°C to +125°C. 


The design of the AD572 includes scaling resistors that 
provide analog input signal ranges of +2.5, 5.0, +10, 0 to 
+5, or 0 to +10 volts. Adding flexibility and value are the 
+10V precision reference, -which also can be used for external 
applications, and the input buffer amplifier. All digital signals 


AD572 FUNCTIONAL BLOCK DIAGRAM 
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are fully DTL and TTL compatible, and the data output is 
positive-true and available in either serial or parallel form. 


The new AD572 package reduces the predicted failure rate 
by a factor of two. The new package integrates the device 
substrate and package in a single ceramic element to elimi- . 
nate a number of bond wires and interconnections, The new 
design also eliminates a number of active components to 
further increase reliability. 


The AD572 is available in three versions with differing guaran- 
teed performance characteristics and operating temperature 
ranges; the ‘“‘A” and “B” are specified from -25°C to +85°C, 
and the “S” from -55°C to +125°C. 


PRODUCT DESCRIPTION 

The AD572Z functional diagram and pin-out are shown in 
Figure 1. The device consists of the following monolithic 
bipolar transistor and thin-film resistor circuit elements: 

. 12-bit successive-approximation register 

. 12-bit feedback DAC weighing network 

. low-drift comparator 

, temperature-compensated precision +10V reference 
. high-impedance buffer follower 

. gated clock and digital control circuits 


Am BW K&S — 
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one . ¢ : : : _ 
ie: SPECIFICATIONS (typical @ +25°C, +15V i +5V unless otherwise noted) 


MODEL . 
RESOLUTION = 


ANALOG INPUTS 

Voltage Ranges 
Bipolar 
Unipolar 

Impedance (Direct Input) 
0 to +5V, 42.5V 
0 to +10V, +5V 
+10V 


Buffer Amplifier 
Impedance (min) 
Bias Current 
Settling Time 
to 0.01% of FSR for 20V step 
DIGITAL INPUTS 
Convert Command 
Logic Loading 
TRANSFER CHARACTERISTICS 
Gain Error (Note 2) 
Unipolar Offset Error 
Bipolar Offset Error 
Linearity Error (max) 
Inherent Quantization Error 
Differential Linearity Error 
No Missing Codes 
Power Supply Sensitivity 
+15V 
t5V 
TEMPERATURE COEFFICIENTS 
Gain (max) 


Unipolar Offset 
Bipolar Offset (max) 
Linearity 


CONVERSION TIME (max) 


AD572AD. 
12 Bits 


+2.5, $5.0, +10.0V 
0 to +5, 0 to +10V 


2.5kQ 
5.0kQ 
10kQ2 


100MQ2 
50nA 


2us 


Note 1 
1 TTL Load 


+0.05% FSR (Adj to Zero) 
+0.05% FSR (Adj to Zero) 
+0.1% FSR (Adj to Zero) 
0.012% FSR 

+% LSB 

+¥% LSB 

Guaranteed: 0 to +70°C 


+0.002% FSR/%AVg 
+0.001% FSR/%AV 


+30ppm/°C (-25°C to +85°C) 


+3ppm FSR/°C 
+15ppm FSR/°C 
+3ppm FSR/°C 
25us 


AD572BD 


*x 


* 


* 
* 
* 
* 
* 
* 


Guaranteed: -25°C to +85°C 


* 


* 


+15ppm/°C (-25°C to +85°C) 


+5ppm FSR/°C (max) 
+7ppm FSR/°C 
+2ppm FSR/°C 


* 


AD572SD 


* 


* 
* 
* 
* 
* 
* 


Guaranteed: -55°C to +125°C 


* 


* 


+15ppm/°C (-25°C to +85°C) 
+25ppm/°C (-55°C to +125°C) 
x* 


ax 


**% 


x 


DIGITAL OUTPUTS (All Codes Positive-True) 
Parallel Data 
Unipolar Code 
Bipolar Code 
Output Drive 
Serial Data (NRZ format) 
Unipolar Code 
Bipolar Code 
Output Drive 
Status 
Status 
Output Drive 
Internal Clock 
Output Drive 
Frequency 
INTERNAL REFERENCE VOLTAGE 
Max External Current 
Voltage Temperature Coefficient (max) 
POWER REQUIREMENTS 
Supply Voltages/Currents 


Total Power Dissipation 


Binary 
Offset Binary/Two’s Complement 
2 TTL Loads 


Binary 

Offset Binary 

2 TTL Loads 

Logic ‘1’? during Conversion 
Logic “‘O”’ during Conversion 
2 TTL Loads 


2 TTL Loads 
500kHz 


+10,00V, +10mV 
t1mA 
+20ppm/°C 


+15V, 5% @ +25mA 
-15V, +5% @ -20mA 
+5V, +5% @ +80mMA 
925mW 


+ %& 8 % + & 


* 


+10ppm/°C 


+ * & & 


* * * * * * 


+ + & 


TEMPERATURE RANGE 
Specification 


-~25°C to +85°C 


Operating -55°C to +125°C . 
Storage -55°C to +150 C * 

*Same specification as AD572AD Note 1 Positive pulse 200ns wide (min). Leading edge 
**Same specification as AD572BD (‘0 to “1"’) resets registers. Trailing edge 
(“‘1"" to “0’’) initiates conversion. 

Specifications subject to Note 2. With 502, 1% fixed resistor in place of Gain 


change without notice. 


Adjust pot; see Figures 4 and 5. 
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Figure 1. AD572 Functional Diagram & Pinout 


The +10V reference is derived from a low T.C. zener refer- 
ence diode which has its zener voltage amplified and buffered 
by an op amp. The reference voltage is calibrated to +10V, 
+10mV by active laser trimming of the thin-film resistors 
which determine the closed-loop gain of this op amp. 


The DAC chip uses 12 precision, high speed bipolar current 
steering switches, a control amplifier and a laser-trimmed thin 
film resistor network to produce a very fast, high accuracy 
analog output current. The DAC is laser-trimmed to calibrate 
all bit ratio scale factors to a precision of 0.0005% of FSR 
(full-scale range) to guarantee no missing codes over the 
appropriate temperature ranges specified for the AD572A, 
AD572B, and AD572S versions. 


Different unipolar and bipolar analog input ranges can be 
selected by changing connections at the device terminal pins. 
The analog voltage input can be applied to either of the span 
(direct input) resistors. Alternatively, the unity buffer follow- 
er can be connected between the analog signal and either 
direct input terminal when a high impedance input is required. 


THEORY OF OPERATION 

On receipt of a CONVERT START command, the AD572 
. converts the voltage at its analog input into an equivalent 
12-bit binary number. This conversion is accomplished as 
follows: 


The 12-bit successive-approximation register (SAR) has its 
12-bit outputs connected both to the respective device bit 
output pins and to the corresponding bit inputs of the feed- 
back DAC. 


The analog input is successively compared to the feedback 

DAC output, one bit at a time (MSB first, LSB last). The 

decision to keep or reject each bit is then made at the 

completion of each bit comparison period, depending on the 
state of the comparator at that time. 


TIMING 

The timing diagram is shown in Figure 2. Receipt of a 
CONVERT START signal sets the STATUS flag, indicating 
conversion in progress. This, in turn, removes the inhibit 
applied to the gated clock, permitting it to run through 
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Figure 2. Timing Diagram (Binary. Code 110101011001) 
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13 cycles, All SAR parallel bit and STATUS flip-flops are 
initialized on the leading edge, and the gated clock inhibit 
signal removed on the trailing edge of the CONVERT 
START signal. At time tg, B, is reset and By -By,» are 

set unconditionally. At t, the Bit 1 decision is made (keep) 
and Bit 2 is unconditionally reset. At tz, the Bit 2 decision 
is made (keep) and Bit 3 is reset unconditionally. This 
sequence continues until the Bit 12 (LSB) decision (keep) is 
made at ty2. After a 100ns delay period, the STATUS flag 

is reset, indicating that the conversion is complete and that 
the parallel output data is valid. Resetting the STATUS flag 
restores the gated clock inhibit signal, forcing the clock 
output to the logic “O”’ state. 


Corresponding serial and parallel data bits become valid on 
the same positive-going clock edge. Serial data does not 
change and is guaranteed valid on negative-going clock edges, 
however; serial data can be transferred quite simply by clock- 
ing it into a receiving shift register on these edges (see Fig- 
ure 8). 

Incorporation of this 100ns delay period guarantees that 

the parallel (and serial) data are valid at the Logic ‘‘1”’ to “0” 
transition of the STATUS flag, permitting parallel data 
transfer to be initiated by the trailing edge of the STATUS 
signal. 


BINARY CODING 
The AD572 binary output number 
is related to the analog input voltage E,_, 
ranges by the expression: 


N, = By By B3...By9 
for all unipolar 


B, 21! + By 2'9 + B32°+...+By2 2° Ein 
is FSR 


. .where B, = MSB, Bi2 = 
For all bipolar ranges a fixed bipolar offset equal to +FSR- 


is internally summed with E;,, so that the sum of E;,, plus 
this offset will be positive over the rated operating range. 
For bipolar ranges, expression (1) becomes: 


, FSR 
By 2)! + Bo 2! + B32? +..+ Biz 2° | Pn “2 is 
oie FSR 


Expressions (1) and (2) can be put in an alternate form: 


. +Bi2 ) FSR = E,, (3) 


Bipolar (Offset Binary Coding) 
Several examples will illustrate how this binary coding works. 
0 TO +10V INPUT RANGE 
Assume FSR = 10V and B, Bz B3 . .By2 = 110001000001, 


then from (3), E,, = +5V +2.5V +0.1563V + 0.0024V = 
+7.6587V. 
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LSB, and FSR = full-scale range. 


-5V TO +5V INPUT RANGE 

Assume FSR = 10V as above, but that the bipolar offset is 
connected and B, By B; . .By, = 0110000000001. Then 
from (4), Ee, = (+2.5V + 1.25V + 0.0024V) - 5V = -1.2476V. 


—-10V TO +10V INPUT RANGE 


Assume the bipolar offset is connected as above, but that the 
input span is now 20V. Assuming the same digital output code 
as in the -5V to +5V input range example, from (4), E;, = 
(+5V +2.5V +0.0049V) -10V = -2.4951V, or twice the value 
of the previous example (neglecting round-off errors). 


The encoding process defined by the previous relations (1) 
and (2) or (3) and (4) determines that the analog input lies 
within one of the 212 = 4096 quantization levels between 0 
and FSR (or -FSR/2 and +FSR/2). Figures 3 (A) and 3 (B) 
show the actual device transfer curves for unipolar and bipolar 
ranges (offset binary coding). They also show the ideal 
straight-line transfer curves which pass through the center 
of each quantization level. As can be seen from these 
figures, the actual and ideal transfer curves differ by ex- 
actly t’%4LSB at the end of each quantization interval, 
giving rise to the fundamental +%LSB quantization error 
inherent in the digitizing process. 


K FSR -1LSB 
} IDEAL TRANSFER CURVE 
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No ACTUAL TRANSFER CURVE 


——— 
En 


(A) Unipolar Range (Binary Coding) 


4 | +%FSR -1LSB 
No 
IDEAL TRANSFER CURVE 


ACTUAL TRANSFER CURVE 


(B) Bipolar Range (Offset Binary Coding) 
Figure 3. Unipolar and Bipolar Range Transfer Curves 


ANALOG INPUT AND POWER CONNECTIONS 

Offset Adjust:. Analog and power connections for 0 to +10V 
unipolar and -10V to +10V bipolar input ranges are shown 
in Figures 4 and 5, respectively. The Bipolar Offset pin 23 is 
open-circuited for all unipolar input ranges, and connected to 
Comparator Input pin 22 for all bipolar input ranges. The 
zero adjust circuit consists of a potentiometer connected 
across tVg with its slider connected through a 3.9MQ resis- 
tor to Comparator Input pin 22 for al! ranges. The tolerance 
of this fixed resistor is not critical, and a carbon composition 
type is generally adequate. Using a carbon composition resis- 
tor having a -1200ppm/” C tempco contributes a worst-case 
offset tempco of 8 x 244 x 10° x 1200ppm/°C = 2.3ppm/°C 
of FSR, if the OFFSET ADJ potentiometer is set at either 
end of its adjustment range. Since the maximum offset .ad- 
justment required is typically no more than +4LSB, use of a 
carbon composition offset summing resistor typically contri- 
butes no more than 1ppm/°C of FSR offset tempco. 
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Figure 4. Analog and Power Connections for Unipolar 
0 to +10V Input Range with Buffer Follower 
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Figure 5. Analog and Power Connections for Bipolar -10V 
to +10V Input Range with Buffer Follower 


An alternate offset adjust circuit, which contributes negli- 
gible offset tempco if metal film resistors (tempco < 100 
ppm/°C) are used, is shown in Figure 6. 


+15V 
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Figure 6. Low Tempco Zero Adj Circuit 


In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
22 connection runs short, since the Comparator Input pin 22 

is quite sensitive to external noise pick-up. 


Gain Adjust: The gain adjust circuit consists of a 100 
potentiometer connected between +10V Reference Output 
pin 18 and Gain Adjust Input pin 27 for all ranges. Both 
GAIN and ZERO ADJ potentiometers should be multi-turn, 
low tempco types; 20T cermet (tempco = 100ppm/°C max) 


4 


types are recommended. If the 10082 GAIN ADJ potentio- 
meter is replaced by a fixed 502 resistor, absolute gain cal- 
ibration to 0.1% of FSR is guaranteed. 


Grounding: Analog and digital signal grounds should be kept __.. 
separate where possible to prevent digital signals from flowing “* 
in the analog ground circuit and inducing spurious analog 
signal noise. Analog Ground pin 26 and Digital Ground pin 15 
are not connected internally; these two pins must be connect- 
ed externally for the device to operate properly. Preferably, 
this connection is made at only one point, and as close to 
the device as possible. 


Power Supply Bypassing: The +15V and +5V power leads 
should be capacitively bypassed for optimum device perfor- 
mance. luF tantalum types are recommended; these capaci- 
tors should be located close to the device. It is not necessary 
to shunt these capacitors with disc capacitors to provide ad- 
ditional high frequency power supply decoupling (as is requir- 
ed with some competitive products), since each power lead is | 
bypassed internally with a 0.039uF ceramic capacitor. 


CALIBRATION 

External ZERO ADJ and GAIN ADJ potentiometers, con- 
nected as shown in Figures 3 and 4, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the 
analog range (0 for unipolar and -%4FSR for bipolar input 
ranges). Gain is adjusted with the analog input near the most 
positive end of the analog range. 


0 to +10V Range: Set analog input to +1LSB = +0.0024V. 
Adjust Zero for digital output = 000000000001; Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 111111111110 digital output code; full- 
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V; digital output code should be 
100000000000. 


-10V to +10V Range: Set analog input to -9.9951V; adjust 
Zero for 000000000001 digital output (offset binary) code. 
Set analog input to +9.9902V; adjust Gain for 111111111110 
digital output (offset binary) code. Half-scale calibration 
check: set analog input to 0.0000V;; digital output (offset 
binary) code should be 100000000000. 


Other Ranges: Representative digital coding for 0 to +10V, 
-5V to +5V, and -10V to +10V ranges is shown in Table 1. 
Coding relationships and calibration points for 0 to +5V and 
-2.5V to +2.5V ranges can be found by halving the corres- 
ponding code equivalents listed for the 0 to +10V and -5V 
to +5V ranges, respectively. 


Zero and full-scale calibration can be accomplished to a pre- 
cision of approximately +%LSB using the static adjustment 
procedure described above. By summing a small sine or tri- 
angular-wave voltage with the signal applied to the analog 
input, the output can be cycled through each of the calibra- 
tion codes of interest to more accurately determine the 
center (or end points) of each discrete quantization level. A 
detailed description of this dynamic calibration technique is 
presented in “A/D Conversion Notes’, D. Sheingold, Analog 
Devices, Inc., 1977, Part Il, Chapter 4. 
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ape 


Analog Input - Volts 


Input Normalized 


Digital Output Code 
(Binary for Unipolar Ranges; 


(Center of Quantization Interval) to FSR : : 
Offset Binary for Bipolar Ranges) 

0 to +10V -5V to +5V -10V to +10V Unipolar Bipolar Bl B12 

Range Range Range Ranges Ranges (MSB) (LSB) 
+9.9976 +4.9976 | +9.9951 +FSR-1 LSB +“%FSR-1 LSB Pitiariiri1iii1i 
+9.9952 +4.9952 +9.9902 +FSR-2 LSB +“%FSR-2 LSB 111111111110 
+5.0024 +0.0024 +0.0049 +%4FSR+1 LSB +1 LSB 100000000001 
+5.0000 +0.0000 +0.0000 +”%FSR ZERO 100000000000 
+0.0024 -4.9976 -9.9951 +1 LSB -YFSR+1 LSB 000000000001 
+0.0000 -5.0000 -10.0000 ZERO -”FSR 000000000000 


Table 1. Digital Output Codes vs Analog Input For Unipolar and Bipolar Ranges 


RANGE AND BUFFER FOLLOWER PIN CONNECTIONS 
Analog pin connections for each of the ranges, with and 
without the buffer follower being used, are shown in Table 2. 


Range Buffer Connect Connect Connect 
Follower Analog Span Pin: Bipolar 
Input To Pin: Pin 23 To: 


0 to +5V 


Used 30, and 29 to 24 
25 to 22 
Not Used 24 4 
Used 30, and 29 to 24 
Not Used 24 
Used 30, and 29 to 24 
25 to 22 
Not Used 24 
Used 30, and 29 to 24 
Not Used 24 
Used 30, and 29 to 25 
Not Used 25 


Table 2. Range and Buffer Follower Pin Connections 


0 to +10V 


-2.5 to +2.5V 


-5 to +5V 


-10 to +10V 


When the analog signal source has a low impedance (as 
would be the case if it were the output of the sample-hold 
amplifier of Figure 9), it can be connected to either of the 
direct input pins 24 or 25. The buffer follower is used in the 
application as shown in Figure 6, in which the analog input 
to the converter comes directly from the output of a FET 
analog multiplexer. The selected channel has a typical ro, = 
200Q which has a 3000ppm/°C tempco. If the multiplexer 
output were connected to the 0 to +10V direct input pin 24 
(5kQ input impedance, nominal), this r5,, would introduce 

a 4% gain scale-factor loading error, which is well beyond 
the normal +0.25% FSR external gain adjustment range, and 
a tempco of approximately 3000ppm/"C x 4% = 120ppm/°C. 
By connecting the buffer between the multiplexer output and 
direct input, these errors are eliminated. The buffer amplifier 
input bias current (50nA typical) must flow through the 
analog signal source, however. This limits the upper practical 
source impedance to several kilohms so that the offset volt- 
age Ipras Rgource an be kept negligible, even though the 
buffer amplifier dynamic input impedance 2 100MQ2. The 
buffer amplifier has a 2us settling time to 0.01% FSR for a 
20V input step. This must be added to the conversion time 
when the input voltage can change significantly between 
successive conversions (as could be the case in the circuit 

of Figure 7). 
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Figure 7. Using Buffer Follower With 
Multiplexed Analog Input 


Short Cycle Input: A Short Cycle Input pin 14 permits the 
timing cycle shown in Figure 2 to be terminated after any 
number of desired bits has been converted, permitting some- 
what shorter conversion times in applications not requiring 
full 12-bit resolution. When 12-bit resolution is required, 
pin 14 is connected to +5V (pin 16). When 10-bit resolution 
is desired, pin 14 is connected to Bit 11 output pin 2. The 
conversion cycle then terminates, and the STATUS flag 
resets after the Bit 10 decision (tyg +100ns in timing dia- 
gram of Figure 2). Short Cycle pin connections and associat- 
ed maximum 12, 10, and 8-bit conversion times are sum- 
marized in Table 3. 


Connect Short 
Cycle Pin 14 to 
Pin: 


Reset at: 
(Figure 2) 


t12 + 100ns 
tio + 100ns 


tg + 100ns 


Table 3. Short Cycle Connections 


(One should note that the calibration voltages listed in Table 
1 are for 12-bit resolution only, and are not those correspond- 
ing to the center of each discrete quantization interval at re- 
duced bit resolutions.) 


DIGITAL OUTPUT DATA 

Both parallel and serial data are in positive-true form and 
outputted from TTL storage registers. Parallel data output 
coding is binary for unipolar ranges and either offset binary 


~ ’ wo 
4 \ ae . : 
: va 
: : Pp ee > 
Po | 


or two’s complement binary, depending on whether Bit 1 
(pin 12) or its logical inverse BIT 1 (pin 13) is used as the 
MSB. Parallel data becomes valid approximately 200ns 
before the STATUS flag returns to Logic ‘‘O”’, permitting 
parallel data transfer to be clocked on the “1” to ‘‘O”’ transi- 
tion of the STATUS flag. 


Serial data coding is binary for unipolar input ranges and 
offset binary for bipolar input ranges. Serial output is by 

bit (MSB first, LSB last) in NRZ (non-return-to-zero) format. 
Serial and parallel data outputs change state on positive-going 
clock edges. Serial data is guaranteed valid on all negative- 
going clock edges, permitting serial data to be clocked direct- 
ly into a receiving register on these edges as shown in Figure 
8. There are 13 negative-going clock edges in the complete 
12-bit conversion cycle, as shown in Figure 2. The first edge 
shifts an invalid bit into the register, which is shifted out on 
the 13th negative-going clock edge. All serial data bits will 
have been correctly transferred and be in the receiving shift 
register locations shown at the completion of the conversion 
period. 


APPLICATIONS 

Sample-Hold Amplifier: A sample-hold amplifier (SHA) is 
normally connected between the analog signal source and 
AD572 analog input when the analog signal can change by 
more than “%LSB during conversion. Typical SHA-AD572 
interconnections are shown in Figure 9. The STATUS output 
drives the SHA SAMPLE/HOLD input directly. On receipt of 
a CONVERT START pulse, the STATUS flag changes from 
1” to “O” causing SHA mode to change from SAMPLE to 
HOLD. The SHA output voltage e, ¢.4, is then held constant 
at the value existing just prior to application of the HOLD 
command for the complete conversion period. At the end of 
conversion, the STATUS flag returns to “‘1’’, restoring the 
SHA mode to SAMPLE, and e, o4; again tracks the analog 
signal voltage €, cy, (after the signal acquisition transient 
has subsided). 
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Figure 9. Sample-Hold Amplifier — AD572 Interconnections 


Note that the internal (gated) clock is inhibited for the du- 
ration of the CONVERT START pulse and does not start 
running until the termination of this pulse (see timing). This 
can be used to simplify control signal timing requirements. 
In the circuit of Figure 9, for example, the CONVERT 
START signal pulse-width can be extended beyond the ap- 
erture delay time of the SHA to assure that e, o4 iS in 
steady-state before conversion is initiated. This assures 
accurate conversion without requiring additional delay tim- 
ing circuitry. The effect of varying the CONVERT START 
pulse-width on the conversion timing cycle is shown in Fig- 
ure 10. 
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(b) WIDE CONVERT START PULSE 


' Figure 10. Effect of Convert Start Pulse-Width on Timing 
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Figure 8. Serial Data Transfer Into Shift Register With Parallel Output to Data Bus 
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‘*: 2,5mA output current is established by the AD580 +2.5V 


Digital Gain Control: Figure 11 shows a method of varying 
the AD572 gain digitally, using an 8-bit DAC. The 1002 
GAIN ADJ potentiometer is replaced by a 1522 fixed resistor. 
This biases full-scale high by approximately 3592/20,000Q = 
+0.18% of FSR. The AD559 has a large positive compliance 
voltage which permits its Current Output pin 4 to be connect- 
ed directly to the AD572 Reference Input pin 27. The AD559 


8-BIT DIGITAL 


[ GAIN CONTROL] 


voltage reference connected through a 1k resistor to Refer- 
ence Current Input pin 14. The 2.5mA DAC full-scale output 
current removed from the AD572 pin 27 node changes the 
pin 27 input current -2.5mA x 1592/20kQ = -1.88yA, or 
-1,88uUA/500uUA = -0.38% of FSR; this permits a digital gain 
adjustment range of approximately +0.2% FSR from nominal. Figure 11. Digital Gain Control Using 8-Bit DAC 


AD572 ORDERING GUIDE 


Specification Max. Max Guaranteed Temp Range Package 
Model Temp Range Gain T.C. . Reference T.C. No Missing Codes Option! 
AD572AD -25°C to +85°C +30ppm/°C +20ppm/°C 0 to +70°C HY 32G 
AD572BD -25°C to +85°C | +15ppm/°C +10ppm/°C -25°C to +85°C HY 32G 
AD572SD -55°C to +125°C +15ppm/°C (-25°C to +85°C) +20ppm/°C ~55°C to +125°C HY32G 


+25ppm/°C (-55°C to +125°C) 
AD572BD/883B | 
Meet all specifications after processing to the requirements of MIL-STD-883, Method 5008, Class B. 
AD572SD/883B 


NOTE: D suffix = Dual-In-Line package designator. 
See Section 20 for package outline information. 
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ANALOG 
DEVICES 


ADVANCE TECHNICAL DATA 
FEATURES 
Complete 10-Bit A/D Converter with Reference, Clock 
and Comparator 
Full 8- or 16-Bit Microprocessor Bus Interface 
Fast Successive Approximation Conversion - 15s 
No Missing Codes Over Temperature 
Operates on +5V and —12V to —15V Supplies 
Low Cost Monolithic Construction 


PRODUCT DESCRIPTION 

The ADS5S73 is a complete 10-bit successive approximation analog 
to digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
3 state output buffers—all fabricated on a single chip. No external 
components are required to perform a full accuracy 10-bit con- 
version in 15s. 


The ADS5S73 incorporates the most advanced integrated circuit 


design and processing technology available today. The successive - 


approximation function is implemented with I*L (integrated 
injection logic). Laser trimming of the high stability SiCr thin 
film resistor ladder network at the wafer stage (LWT) insures 
high accuracy, which is maintained with a temperature compen- 
sated sub-surface Zener reference. 


Operating on supplies of +5V and —12V*to —15V, the ADS73 
will accept analog inputs of 0 to +10V, unipolar, or —5V to 
+5V, bipolar. A positive pulse on the CONVERT line initiates 
the 15s conversion cycle. DATA READY indicates completion 
of the conversion. HIGH BYTE ENABLE (HBE) and LOW 
BYTE ENABLE (LBE) control the 8-bit and 2-bit three state 
output buffers. 


The AD573 is available in two versions for the 0 to + 70°C 
temperature range, the AD573J and AD573K. The AD573S 
guarantees 10-bit accuracy and no missing codes from — 55°C to 
+ 125°C. 


Two package configurations are offered. The AD573J and 
AD573K are available in a 20-pin plastic DIP. All versions are 
offered in a 20-pin hermetically sealed ceramic DIP. 


*Protected by Patents 3,940,760; 4,213,806 and 4,136,349 


PRODUCT HIGHLIGHTS 


1. The AD573 is a complete 10-bit A/D converter. No external 
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components are required to perform a conversion. 


. The AD573 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. The 
10 bits of output data can be read as a 10-bit word or as 8- 
and 2-bit words. 


. The device offers true 10-bit accuracy and exhibits no missing 


codes over its entire operating temperature range. 


a Single pin. 


. The ADS573 accepts either unipolar (0 to + 10V) or bipolar 
(-—5V to +5V) analog inputs by simply grounding or opening 


. Performance is guaranteed with +5V and — 15V supplies. 


The device will also operate with a — 12V supply. 


plications. 
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. The AD573SD/883B is screened in accordance with the Class 
B requirements of MIL-STD-883, Method 5004. Single chip 
construction renders the AD573 inherently more reliable 

than hybrid units. That and its functional completeness 
make the AD573 especially attractive for high reliability ap- 


SPECIFICATIONS | 


(typical @ + 25°C withV+ = +5V,V— = —15V, all voltages measured with respect to digital common, unless otherwise indicated) 
Model | -  ADS73J | AD573K ADS573S! 
RESOLUTION 10 Bits is = 
RELATIVE ACCURACY @ 25°C? + 1LSB max + “LSB max + 1LSB max 
Taint Trace + 1LSB max + ALSB max + 1LSB max 


FULL SCALE CALIBRATION? 
(With 150 Resistor In Series With 


Analog Input) +2LSB ® i 
UNIPOLAR OFFSET (max) + 1LSB +'¥LSB * 
BIPOLAR OFFSET (max) + 1LSB + ’LSB * 


DIFFERENTIAL NONLINEARITY 
(Resolution for Which No Missing 


Codes are Guaranteed) 
+ 25°C 10 Bits gs * 
Tagto Tas 9 Bits 10 Bits ala 
TEMPERATURE RANGE Oto + 70°C x — 55°C to + 125°C 
TEMPERATURE COEFFICIENTS 
Guaranteed max Change 
25°C to Tin OF Tmax 
Unipolar Offset + 2LSB (44ppm/°C) + ILSB (22ppm/°C) + 2LSB (20ppm/°C) 
Bipolar Offset + 2LSB (44ppm/°C) + 1LSB (22ppm/°C) + 2LSB (20ppm/°C) 
Full Scale Calibration +4LSB(88ppm/°C) _ + 2LSB (44ppm/°C) + SLSB (SOppm/°C) 
(With 15( Fixed Resistor or 
500Trimmer) 
POWER SUPPLY REJECTION 
Max Change in Full Scale Calibration 
Positive Supply 
+45VsV+5+4+5.5V + 2LSB max + 1LSB max x 
Negative Supply 
—15.75VsV-<- 14.25V + 2LSB max + 1LSB max 
—-12.6VsV-s-11.4V + 2LSB max + 1LSB max 
ANALOG INPUT IMPEDANCE 3kQ min 
Sk typ 
7kQ, max 
ANALOG INPUT RANGES ‘ 
(Analog Input to Analog Common) 
Unipolar Oto +10V 
Bipolar 2 —5Vto +5V x 
OUTPUT CODING : 
Unipolar Positive True Binary is 
Bipolar Positive True Offset Binary * 
LOGIC OUTPUT 
Bit Outputs and Data Ready 
Output Sink Current 3.2mA min . 
(Vout = 0.4V max, Tin tO Tmax) (2TTL Loads) x 
Output Source Current (Bit Outputs)* 
(Vout = 2.4V min, Tin tO Tmax) 0.5mA min 
Output Leakage (3 State) + 40yA max 
LOGIC INPUT (CONVERT, HBE, LBE) 
InputCurrent(OSVin=V+) | + 100A max 
Logic “‘1” 2.0V min 
Logic ‘‘0” 0.8 max 
CONVERSION TIME 10s min 
Tin to Tmax 15 LS typ 
20s max 
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Model | AD573J AD573K AD573S' 


POWER SUPPLY 
Absolute Maximum 
V+ +7V * . 
‘V- — 16.5V yi x 
Specified Operating — Rated Performance 
V+ +5V 
V- —15V . * 
Operating Range 
V+ +4.5Vto +5.5V = . 
V- —11.4Vto —15.75V x . 
Operating Current 
V+ = +5V 1SmA typ 
(25mA max) e * 
V- =-I15V 9mA typ 
- (1SmA max) * . 


*Specifications same as ADS73J. 
**Specifications same as ADS73K. 
Specifications subject to change without notice. 


'The AD573S is available fully processed and screened to the requirements of MIL-STD-883, Method 5004, 
Class B. When ordering specify the AD5S73SD/883B. 
Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 
3Full scale calibration is guaranteed trimmable to zero with an external 500 potentiometer in place of the 152 
fixed resistor. 
Full scale is defined as 10 volts minus 1LSB, or 9.990 volts. 
‘The Data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector with 
a nominal 6k‘) internal: pull-up resistor. 


ABSOLUTE MAXIMUM RATINGS 


V+ to Digital Common ............. 0to +7V 
V— to Digital Common ....... ee. Oto —16.5V 
Analog Common to Digital Common ........ +1V 
Analog Input to Analog Common .......... +15V 
Control Inputs. «<< 4:4° <n aS: Ye Se ee 0to V+ 
Digital Outputs (High Impedance State). ... . 0to V+ 
Power Dissipation. sw. ek ey Ae we a we ee RS 800mW 


AD573 ORDERING GUIDE 


Temperature Relative 
Model Package Option! Range Accuracy 
AD573JN 20-Pin Plastic DIP (N20A) Oto + 70°C + 1LSB max 
AD573KN 20-Pin Plastic DIP (N20A) Oto + 70°C + 1/2LSB max 
AD573JD 20-Pin Ceramic DIP(D20A) Oto +70°C + 1LSB max 
AD5S73KD 20-Pin Ceramic DIP(D20A) Oto +70°C + 1/2LSB max 
AD573SD 20-Pin Ceramic DIP(D20A) —55°Cto +125°C +1LSB max 


AD573SD/883B 20-PinCeramic DIP(D20A) —55°Cto + 125°C +1LSB max 


'See Section 20 for package outline information. 
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ee 


FUNCTIONAL DESCRIPTION 
A block diagram of the AD573 is shown in Figure 1. The positive 


CONVERT pulse must be at least 500ns wide. DR goes high 


_ within 1.5ys after the leading edge of the convert pulse indicating 


that the internal logic has been reset. The negative edge of the 
CONVERT pulse initiates the conversion. The internal 10-bit 
current output DAC is sequenced by the integrated injection 
logic (I7L) successive approximation register (SAR) from its 
most significant bit to least significant bit to provide an output 
current which accurately balances the input signal current through 
the 5kQ resistor. The comparator determines whether the addition 
of each successively weighted bit current causes the DAC current 
sum to be greater or less than the input current; if the sum is 
less, the bit is turned off. After testing all bits, the SAR contains 
a 10-bit binary code which accurately represents the input signal 
to within “~LSB (0.05% of full scale). 


The SAR drives DR low to indicate that the conversion is complete 
and that the data is available to the output buffers. HBE and 
LBE can then be activated to enable the upper 8-bit and lower 
2-bit buffers as desired. HBE and LBE should be brought high 
prior to the next conversion to place the output buffers in the 
high impedance state. Accuracy may be affected if HBE and 
LBE are in the enabled state during the conversion cycle. 


DIGITAL 


COMMON CONVERT 


ANALOG 
COMMON 


ease 
TTT 


BIPOLAR 
OFFSET — 
CONTROL 


WEY, daha 
sep WY 
o 
g 8 
—yY, 


[\ 
- 
z 


Figure 1. AD573 Functional Block Diagram 


The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and ensures excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows the positive bipolar offset 
current (exactly equal to the value of the MSB less 2LSB) to be 
injected into the summing (+) node of the comparator to offset 
the DAC output. Thus the nominal 0 to + 10V unipolar input 
range becomes a —5V to +5V range. The 5k thin film input 
resistor is trimmed so that with a full scale input signal, an 
input current will be generated which exactly matches the DAC 
output with all bits on. 


UNIPOLAR CONNECTION 

The AD573 contains all the active components required to 
perform a complete A/D conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies (+5V 
and — 15V), the analog input and the conversion start pulse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. The 
functional pin-out is shown in Figure 2. — 
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3 


The standard unipolar 0 to + 10V range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common 
(pin 17). 3 


PI | 20] LOW BYTE ENABLE 
IDENTIFIER 

119] HIGH BYTE ENABLE 
118] DATA READY 
DIGITAL COMMON 
116] BIPOLAR OFFSET 
115] ANALOG COMMON 


114] ANALOG IN 


Figure 2. AD573 Pin Connections 


Full Scale Calibration 

The 5k thin film input resistor is laser trimmed to produce a 
current which matches the full scale current of the internal 
DAC-plus about 0.3%—when an analog input voltage of 9.990 
volts (10 volts — 1LSB) is applied at the input. The input resistor 
is trimmed in this way so that if a fine trimming potentiometer 


_ is inserted in series with the input signal, the input current at 


the full scale input voltage can be trimmed down to match the 
DAC full scale current as precisely as desired. However, for 
many applications the nominal 9.99 volt full scale can be achieved 
to sufficient accuracy by simply inserting a 15{) resistor in series 
with the analog input to pin 14. Typical full scale calibration 


_ error will then be within +2LSB or +0.2%. If more precise 


calibration is desired, a 50( trimmer should be used instead. 
Set the analog input at 9.990 volts, and set the trimmer so that 
the output code is just at the transition between 1111111110 and 
11111111. Each LSB will then have a weight of 9.766mV. If a 
nominal full scale of 10.24 volts is desired (which makes the 
LSB have weight of exactly 10.00mV), a 1000 resistor and a- 
100Q trimmer (or a 2000 trimmer with good resolution) should 
be used. Of course, larger full scale ranges can be arranged by 
using a larger input resistor, but linearity and full scale temperature 
coefficient may be compromised if the external resistor becomes 
a sizeable percentage of 5kQ. Figure 3 illustrates the connections 
required for full scale calibration. 


(SHORT TO DIG COM FOR 
116] BIP OFF UniPOLAR, OPEN FOR BIPOLAR) 


(TOLERATES 200mv TO 
115} ANALOG COM jicitaL COMMON) 


O ANALOG IN 


1592 FIXED OR 502) 


—15V VARIABLE (SEE TEXT) 


Figure 3. Standard AD573 Connections 


Unipolar Offset Calibration 

Since the Unipolar Offset is less than + 1LSB for all versions of 
the AD573, most applications will not require trimming. Figure 
4 illustrates two trimming methods which can be used if greater 
accuracy is necessary. 


Figure 4a shows how the converter zero may be offset by up to 
+ 3 bits to correct the device initial offset and/or input signal 
offsets. As shown, the circuit gives approximately symmetrical 
adjustment in unipolar mode. 


SIGNAL COMMON 


+15V - 15V 
ZERO OFFSET ADJ 
+3 BIT RANGE 


Figure 4a. 


SIGNAL COMMON 


Ye BIT ZERO OFFSET 


Figure 4b. 


Figure 5 shows the nominal transfer curve near zero for an 
AD573 in unipolar mode. The code transitions are at the edges 
of the nominal bit weights. In some applications it will be preferable 
to offset the code transitions so that they fall between the nominal 
bit weights, as shown in the offset characteristics. 


This offset can easily be accomplished as shown in Figure 4b. 
At balance (after a conversion) approximately 2ma flows into the 
_analog Common terminal. A 2.71) resistor in series with this 
terminal will result in approximately the desired 2 bit offset of 
the transfer characteristics. The nominal 2mA Analog Common 
current is not closely controlled in manufacture. If high accuracy 
is required, a SQ) potentiometer (connected as a rheostat) can be 
used as R1. Additional negative offset range may be obtained by 
using larger values of Rl. Of course, if the zero transition point 
is changed, the full scale transition point will also move. Thus, 
if an offset of “2LSB is introduced, full scale trimming as described 
on the previous page should be done with an analog input of 
9.985 volts. 


NOTE: During a conversion transient currents from the Analog 
Common terminal will disturb the offset voltage. Capacitive 
decoupling should not be used around the offset network. These 
transients will settle as appropriate during a conversion. Capacitive 
decoupling will “pump up” and fail to settle resulting in conversion 
errors. Power supply decoupling which returns to analog signal 
common, should go to the signal input side of the resistive 
offset network. 


50mV 


OV 10mvV 30mV 
INPUT VOLTAGE 


NOMINAL CHARACTERISTICS 
REFERRED TO ANALOG COMMON 


OUTPUT Ane 
CODE i 
0000000100 
0000000011 
0000000010 
0000000001 
OV 10mV — 30mV-—s SOmV 
INPUT VOLTAGE 


OFFSET CHARACTERISTICS WITH 

2.72 IN SERIES WITH ANALOG COMMON 
Figure 5. AD573 Transfer Curve - Unipolar Operation 
(Approximate Bit Weights Shown for Illustration, Nominal 
Bit Weights ~ 9.766mV) 


BIPOLAR CONNECTION | 
To obtain the bipolar —5V to +5V range with an offset binary 
output code the bipolar offset control pin is left open. 


A —5.00 volt signal will give a 10-bit code of 0000000000; an 
input of 0.00 volts results in an output code of 1000000000 and 
4.99 volts at the input yields the 1111111111 code. The bipolar’ 
offset control input is not directly TTL compatible but a TTL 
interface for logic control can be constructed as shown in Fig- 
ure 6. 


+5V 


CONVERT 


An 


Figure 6. Bipolar Offset Controlled by Logic Gate 
Gate Output = 71 Unipolar 0 - 10V Input Range 
Gate Output = O Bipolar +5V Input Range 


Full Scale Calibration 

Full Scale Calibration is accomplished in the same manner as in 
Unipolar operation except the full scale input voltage is 4.990 
volts. 


Negative Full Scale Calibration 

The circuit in Figure 4a can also be used in Bipolar operation to 
offset the input voltage (nominally —5V) which results in the 
0000000000 code. R2 should be omitted to obtain a symmetrical 
range. 
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.GROUNDING CONSIDERATIONS 
’ The AD573 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 

+200mV of common mode voltage between the two commons. 

This permits more flexible control of system common bussing 
and digital and analog returns. , 


In normal operation the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition 
- a static current of about 2mA will flow into Analog Common in 


TIMING SPECIFICATIONS 
tcs 500ns min 
tpsc 1.5 WS Max 
tc 10s min 
15s typ 
20\1s max 
tpp 250ns max 
tp 50ns min 
tH 200ns max 


the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal, 


The absolute maximum voltage rating between the two commons 
is +1 volt. It is recommended that the connection of a parallel 
pair of back-to-back protection diodes between the commons if 
they are not connected locally. 


CONTROL AND TIMING OF THE AD573 

CONVERT, HBE and LBE are the control pins. Timing for 
the conversion cycle is shown in Figure 7a. A positive pulse at 
least 500ns in width must be applied to the CONVERT pin to 
initiate the conversion. DR goes high within 1.5 after the 
rising edge of the convert start pulse to indicate that the SAR is 
reset and goes low when the conversion is complete. 


Read timing is shown in Figure 7b. The timing and control of 
the LBE and HBE pins are identical. Bringing HBE low activates 
the upper 8-bit 3 state buffer. Driving LBE low enables the 
lower 2-bit buffer. 


CONVERT ; | 
cS 
DATA READY 
tosc “= 
Figure 7a. Convert Timing 
[BE OR HEE 


HIGH HIGH 
IMPEDANCE IMPEDANCE 


POR j DATA 
DB8_-DB9 


~—— ter 


Figure 7b. Read Timing 
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Timing Reference Level is 


Usually HBE and LBE are derived from an address acseie: 
gated with the system RD, and often represent adjacent address 
locations in the microprocessor’s memory map. The bit assign- 
ments for the two addresses are shown below: 


id Ci) Ke Oa OEE 


When the AD573 is connected directly to an 8-bit microprocessor 
bus the 2LSBs (pins 1 and 2) should be hardwired to the desired 
upper bits (usually the 2MSBs — pins 9 and 10). The six least 
significant bits of the low byte should be masked out by software 
to prevent meaningless data from being read. For example, a 
logical AND operation with 1100000000 will force the unused 
bits to logic 0. 


For use with 16-bit microprocessors, HBE and LBE are tied 
together and all 10 data bits are enabled simultaneously The 
10-bit word can then be placed either at the high end of the 16- 
bit word (left-justified format) or at the low end of the 16-bit 
word (right-justified). 


Access time of the three-state buffers is 250ns maximum. 


In systems where peripheral interface adapter chips are used, or 
where dedicated I/O ports exist (as in single-chip microcomputers), 
the AD573 may be used in a “‘stand-alone mode’’. In this mode, 
DR is hard-wired to LBE and HBE to disable the output buffers 
during conversion. Upon completion of the conversion cycle, 
DR enables the output drivers, and the 10-bit parallel data can 
be read. 


SAMPLE-HOLD AMPLIFIER CONNECTION TO THE DR goes high after the conversion is initiated to indicate that 


ADS573 ; reset of the SAR is complete. In Figure 8 it is also used to put 
Many situations in high-speed acquisition systems or digitizing the AD582 into the hold mode while the AD573 begins its 
rapidly changing signals require a sample-hold amplifier (SHA) conversion cycle. (The ADS582 settles to final value well in advance 
in front of the A-D converter. The SHA can acquire and hold a of the first comparator decision inside the AD573). 


signal faster than the converter can perform a conversion. A 
SHA can also be used to accurately define the exact point in 
time at which the signal is sampled. For the ADS73 a SHA can 
also serve as a high input impedance buffer. 


Figure 8 shows the AD573 connected to the AD582 monolithic 
SHA for high speed signal acquisition. In this configuration, the 
AD582 will acquire a 10 volt signal in less than 10s with a 
droop rate less than 100uV/ms. 


DR goes low when the conversion is complete placing the AD582 
back in the sample mode. Configured as shown in Figure 8, the 
next conversion can be initiated after a 10ys delay to allow for 
signal acquisition by the AD582. 


Observe carefully the ground, supply, and bypass capacitor 
connections between the two devices. This will minimize ground 
noise and interference during the conversion cycle. 
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Figure 8. Sample-Hold Interface to the AD573 
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ANALOG 
DEVICES 


FEATURES 
Complete 12-Bit A/D Converter with Reference 
and Clock 
Full 8- or 16-Bit Microprocessor Bus Interface 
250ns Bus Access Time 
Guaranteed Linearity Over Temperature 
0 to +70°C — AD574AJ, AK, AL 
— 55°C to + 125°C — AD574AS, AT, AU 
No Missing Codes Over Temperature 
Fast Successive Approximation Conversion -— 25ys 
Buried Zener Reference for Long-Term Stability 
and Low Gain T.C. 10ppm/°C max AD574AL 
12.5ppm/°C max AD574AU 
Low Profile 28-Pin Ceramic DIP 
Low Power: 390mW 
Low Cost 


PRODUCT DESCRIPTION 

The AD574A is a complete 12-bit successive-approximation 
analog-to-digital converter with 3-state output buffer circuitry 
for direct interface to an 8-, 12-or 16-bit microprocessor bus. 
The AD574A design is implemented with two LSI chips each 
containing both analog and digital circuitry, resulting in the 
maximum performance and flexibility at the lowest cost. 


One chip is the high performance ADS65A 12-bit DAC and 
voltage reference. It contains the high speed current output 
switching circuitry, laser-trimmed thin film resistor network, 
low T.C. buried zener reference and the precision input scaling 
and bipolar offset resistors. This chip is laser-trimmed at the 
wafer stage (LWT) to adjust ladder network linearity, voltage 
reference tolerance and temperature coefficient, and the calibration 
accuracy of input scaling and bipolar offset resistors. 


The second chip uses the proven LCI (linear-compatible integrated 
injection logic) process to provide the low-power I7L successive- 
approximation register, converter control circuitry, clock, bus 
interface, and the high performance latching comparator. The 
precision, low-drift comparator is adjusted for initial input offset 
error at the wafer stage by the “‘zener-zap”’ technique which 
trims the comparator input stage to 1/10 LSB typical error. This 
form of trimming, while cumbersome for complex ladder networks, 
is an attractive alternative to thin film resistor trimming for a 
simple offset adjustment and eliminates the need for thin film 
processing for this portion of the circuitry. 


The AD574A is available in six different grades. The AD574AJ, 
AK, and AL grades are specified for operation over the 0 to 

+ 70°C temperature range. The ADS74AS, AT, and AU are 
specified for the — 55°C to + 125°C range. All grades are packaged 
in a low-profile, 0.600 inch wide, 28-pin hermetically-sealed 
ceramic DIP. 
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PRODUCT HIGHLIGHTS 


1. The AD574A interfaces to most popular microprocessors 
with an 8-, 12-, or 16-bit bus without external buffers or 
peripheral interface controllers. Multiple-mode three-state 
output buffers connect directly to the data bus while the read 
and convert commands are taken from the control bus. The 
12-bits of output data can be read either as one 12-bit word 
or as two 8-bit bytes (one with 8 data bits, the other with 4 
data bits and 4 trailing zeros). 


2. The precision, laser-trimmed scaling and bipolar offset resistors 


provide four calibrated ranges, 0 to +10 and 0 to +20 volts 
unipolar, or —5 to +5 and — 10 to +10 volts bipolar. Typical 
bipolar offset and full scale calibration of +0.1% can be 
trimmed to zero with one external component each. 


3. The internal buried zener reference is trimmed to 10.00 volts 


with 1% maximum error and 1S5ppm/°C typical T.C. The 
reference is available externally and can drive up to 1.5mA 
beyond that required for the reference and bipolar offset 
resistors. | 


4. The two-chip construction renders the ADS74A inherently 


more reliable than hybrid multi-chip designs. All three military 
grades have guaranteed linearity error over the full — 55°C to 
+ 125°C and are especially recommended for high performance 
needs in harsh environments. These units are available pro- 
cessed to MIL-STD-883B, Level B. 
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Fast, Complete 12-Bit A/D Converter 
with Microprocessor Interface 


a 


SPECIFICATIONS ‘si6.25up" 9”. wacer 9 ver 16014 


DC AND TRANSFER ACCURACY SPECIFICATIONS 


MODEL | ADS574AJ AD574AK AD574AL UNITS 
RESOLUTION (max) . 12 12 12 Bits 
LINEARITY ERROR 
25°C (max) +] +1/2 +1/2 LSB 
Tmin tO Tmax (max) +1 +1/2 +1/2 LSB 


DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 


25°C 11 12 12 Bits 
as Ne re ee a ee ee 
UNIPOLAR OFFSET (max) (Adjustable to zero) +2 +2 +2 LSB 
ee oa Ee ee Se 
BIPOLAR OFFSET (max) (Adjustable to zero) +10 +4 +4 LSB 


FULL SCALE CALIBRATION ERROR 
(with fixed 50Q resistor from REF OUT tc REF IN) 


(Adjustable to zero) 25°C (max) 0.3 0.3 0.3 % of F.S. 
Tmin tO Tmax (Without Initial Adjustment) 0.5 0.4 0.35 % of F.S. 
(With Initial Adjustment). 0.22 0.12 0.05 % of F.S. 


TEMPERATURE RANGE | 0 to +70 eC 


TEMPERATURE COEFFICIENTS (Using internal reference) 
Guaranteed max change 
Tmin tO Tmax 


Unipolar Offset +2 +1 +1 LSB 
| (10) (5) (5) (ppm/°C) 
Bipolar Offset +2 +1 +1 LSB 
(10) (5) (5) (ppm/°C) 

Full Scale Calibration +9 =5 +2 LSB 
(50) (27) (10) (ppm/°C) 


POWER SUPPLY REJECTION 
Max change in Full Scale Calibration 


+13.5V<VcocS+16.5V or +11.4VSVcec S+12.6V +2 +1 +1 LSB 
+4.5VSV_LocicS+5.5V +1/2 +1/2 +1/2 LSB 
; -16.5VSVpERF<-13.5V or -12.6V<Vpp<-11.4V +2 +1 +1 LSB 


ANALOG INPUTS 
Input Ranges 


Bipolar -5 to +5 Volts 
-10 to +10 Volts 
Unipolar 0 to +10 Volts 
0 to +20 Volts 
Input Impedance 
10 Volt Span 5k (3k min, 7k max) Q 
20 Volt Span 10k (6k min, 14k max) Q 


POWER SUPPLIES 
Operating Range 


VLOGIC +4.5 to +5.5 Volts 
Vcc +11.4 to +16.5 Volts 
VEE -11.4 to -16.5 Volts 
Operating Current 
ILOGIC 30 typ, 40 max mA 
Icc . 2 typ, 5 max mA 
VEE 18 typ, 30 max mA 
POWER DISSIPATION 390 typ, 725 max mW 
INTERNAL REFERENCE VOLTAGE 10,00 +0.1 (max) Volts 
Output Current (available for external loads) 1.5 max! mA 
(External load should not change during conversion) 
PACKAGE TYPE? D28A 
NOTES 


1 The reference should be buffered for operation on +12V supplies. 
2 See Section 20 for package outline information. 


Specifications subject to change without notice. 
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MODEL oe AD574AS AD574AT AD574AU UNITS 
RESOLUTION (max) 12 12 12 Bits 
LINEARITY ERROR 
25°C (max) +1 +1/2 +1/2 LSB 
-25°C to +85°C (max) | +1/2 +1/2 LSB 
-55°C to +125°C (max) +] +] +] LSB 
DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 
25°C 11 12 12 Bits 
Tmin tO Tmax © 11 12 12 Bits 
UNIPOLAR OFFSET (max) (Adjustable to zero) a +2 +2 LSB 
BIPOLAR OFFSET (max) (Adjustable to zero) +10 +4 +4 LSB 
FULL SCALE CALIBRATION ERROR 
(with fixed 50Q resistor from REF IN to REF OUT) 
(Adjustable to zero) 25°C (max) 0.3 0.3 0.3 % of F.S. 
Tmin tO Tmax (Without Initial Adjustment) 0.8 0.6 0.4 % of F.S. 
(With Initial Adjustment) 0.5 0.25 0.12 % of F.S. 
TEMPERATURE RANGE -55 to +125 °C 
TEMPERATURE COEFFICIENTS (using internal reference) 
Guaranteed max change 
Tmin tO Tmax 
Unipolar Offset +2 +1 +1 LSB 
° 
(5) (2.5) (2.5) (ppm/ C) 
Bipolar Offset +4 +2 +1 LSB 2 
(10) (5S) (2.5) (ppm/ C) 
Full Scale Calibration +20 +10 +5 LSB : 
(50) (25) (12.5) (ppm/ C) 
POWER SUPPLY REJECTION 
Max change in Full Scale Calibration 
+13.5V<VcecS+16.5V or +11.4V<Vec<+12.6V +2 +1 +1 LSB 
+4.5VSViocic S+5.5V +1/2 +1/2 +1/2 LSB 
-16.5V<Vep<-13.5V or -12.6V<VeEp<11.4V +2 +1 +1 LSB 
ANALOG INPUTS 
Input Ranges 
Bipolar -5 to +5 Volts: 
-10 to +10 Volts 
Unipolar 0 to +10 Volts 
0 to +20 Volts 
Input Impedance | 
10 Volt Span 5k (3k min, 7k max) Le 
20 Volt Span 10k (6k min, 14k max) 22 
POWER SUPPLIES 
Operating Range 
VLOGIC +4.5 to +5.5 Volts 
Vcc #11.4t0+16.5 | Volts 
VEE 11.4 to -16.5 . Volts 
Operating Current | 
ILoGic 30 typ, 40 max mA 
Icc Z typ, 5 max mA 
IEE 18 typ, 30 max mA 
POWER DISSIPATION 390 typ, 725 max mW 
INTERNAL REFERENCE VOLTAGE 10.00 +0,1 (max) Volts 
Output Current (available for external loads) 1.5max! mA 
(External load should not change during conversion) 
PACKAGE TYPE? D28A 
NOTES 


1 The reference should be buffered for operation on +12V supplies. 
2See Section 20 for package outline information. 


Specifications subject to change without notice. 
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| DIGITAL CHARACTERISTICS! (All grades, T nin—T max) 


Min Typ Max 
Logic Inputs? (CE, CS, R/C, Ao) 
Voltages . 
Logic “1” +2.0V +5.5V 
Logic ‘‘0”’ —0.5V +0.8V 
Current —S50pA + 50pA 
Capacitance SpF 
Logic Outputs (DB11—DBO0, STS) 
Logic “0” +0.4V Isinx = 1.6mA 
Logic “1” 2.4V Isourcr = 500pA 
Leakage (When in. high-Z state) —40pA +40nA DB11—- DBO Only 
Capacitance SpF 


'Detailed Timing Specifications appear in the Digital Interface Section. 


?12/8 Input is not TTL-compatible and must be hard-wired to V; ogic or DIGITAL COMMON. 


ABSOLUTE MAXIMUM RATINGS 
(Specifications apply to all grades, except where noted) 


Vcc to Digital Common ............. 0 to +16.5V 
Ver to Digital Common ............. 0 to —16.5V 
Viocic to Digital Common ............ ‘ Oto +7V 
Analog Common to Digital Common .......... +1V 


Control Inputs (CE, CS, Ao, 12/8, R/C) to 
Digital Common .. —0.5V to Vi ocic +0.5V 
Analog Inputs (REF IN, BIP OFF, 10V;n) to 
. Analog Common 
20Vin to Analog Common. .............00- +24V 
REF OU” 2k we RS oS Indefinite short to common 
Momentary short to Vcc 


Chip Temperature (J, K, L grades). .......... 100°C 

€S,.1 4/0 rades): 2 ce. cheer ae: Bad 150°C 
Power Dissipation. ............ i at tases “ae ob 1000mW 
Lead Temperature, Soldering .......... 300°C, 10 sec. 
Storage Temperature ........... — 65°C to + 150°C 
Thermal Resistance, ja... 6 1 ee ee 2. . 60°C/W 


BYTE ADDRESS/ 
SHORT CYCLE | 4 | 
Ao 


CONTROL 
=H 


3 
READ/CONVERT 
a DB8 
RIT 5 | T 
A 
CHIP ENABLE g T | 23 | 087 
CE E 
+12/+15V SUPPLY P oO 
2/+15V is LPEy a 22 DB6 DIGITAL 
cc ZZ T DATA 
+10V REFERENCE A 10 7 21 | DB5 
ee An U OUTPUTS 
g : 
ANALOG a ry Z 8 20 DBa 
F 
REFERENCE INPUT <A F 
ANPUT Fao E }19| 083 
-12/-15V SUPPLY s 
0B2 
me E 18 
BIPOLAR OFFSET 
BIP OFF = 
10V SPAN INPUT eee ee 16 | DBO LSB 
: 10Vin g Hes 
20V SPAN INPUT y 


20ViNn 


Figure 1. AD574A Block Diagram and Pin Configuration 


ADS74A ORDERING GUIDE 


Resolution Max 
Linearity Error No Missing Codes Full Scale 

Model Temp. Range Max (TyintO Tmax) (Tmin tO T max) T.C. (ppm/°C) 
AD574AJD | Oto + 70°C +1LSB 11 Bits 50.0 
ADS74AKD Oto + 70°C + Y%LSB 12 Bits 27.0 
ADS74ALD Oto + 70°C + YLSB 12 Bits 10.0 
AD574ASD — 55°C to + 125°C +1LSB 11 Bits 50.0 
AD5S74ASD/883B — 55°C to + 125°C +1LSB 11 Bits 50.0 
ADS74ATD — = 55°C to + 125°C +1LSB 12 Bits 25.0 
ADS74ATD/883B  —55°Cto + 125°C + 1LSB 12 Bits 25.0 
ADS74AUD — 55°C to + 125°C +1LSB 12 Bits 12.5 
ADS74AUD/883B —55S°Cto + 125°C + 1LSB 12 Bits 12.5 


THE AD574A OFFERS GUARANTEED MAXIMUM LINEARITY ERROR OVER THE FULL OPERATING 


TEMPERATURE RANGE 


DEFINITIONS OF SPECIFICATIONS 


LINEARITY ERROR 

Linearity error refers to the deviation of each individual code 
from a line drawn from “zero” through “‘full scale’”’. The point 
used as “‘zero” occurs “%LSB (1.22mV for 10 volt span) before 
the first code transition (all zeros to only the LSB “‘on”). “Full 
scale” is defined as a level 1/2LSB beyond the last code transition 
(to all ones). The deviation of a code from the true straight line 
is measured from the middle of each particular code. 


The AD574AK, AL, AT, and AU grades are guaranteed for 
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maximum nonlinearity of +'%2LSB. For these grades, this means 
that an analog value which falls exactly in the center of a given 
code width will result in the correct digital output code. Values 
nearer the upper or lower transition of the code width may 
produce the next upper or lower digital output code. The AD574AJ 
and AS grades are guaranteed to + 1LSB max error. For these 
grades, an analog value which falls within a given code width 
will result in either the correct code for that region or either 
adjacent one. 


Note that the linearity error is not user-adjustable. 


DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 

A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must 
have a finite width. For the ADS74AK, AL, AT, and AU grades, 
which guarantee no missing codes to 12-bit resolution, all 4096 
codes must be present over the entire operating temperature 
ranges. The ADS74AJ and AS grades guarantee no missing 
codes to 11-bit resolution over temperature; this means that all 
code combinations of the upper 11 bits must be present; in 
practice very few of the 12-bit codes are missing. 


UNIPOLAR OFFSET 

The first transition should occur at a level 4%2LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following two pages. The unipolar offset temperature 
coefficient specifies the maximum change of the transition point 
over temperature, with or without external adjustment. 


BIPOLAR OFFSET 

Similarly, in the bipolar mode, the major carry transition (0111 
1111 1111 to 1000 0000 0000) should occur for an analog value 
Y’ZALSB below analog common. The bipolar offset error and 
temperature coefficient specify the initial deviation and maximum 
change in the error over temperature. 


FULL SCALE CALIBRATION ERROR 

The last transition (from 1111 1111 1110 to 1111 1111 1111) 
should occur for an analog value 1'/2LSB below the nominal full 
scale (9.9963. volts for 10.000 volts full scale). The full scale 
calibration error is the deviation of the actual level at-the last 
transition from the ideal level. This error, which is typically 
0.05 to 0.1% of full scale, can be trimmed out as shown in 
Figure 5. The full scale calibration error over temperature is 
given with and without the initial error trimmed out. The tem- 
perature coefficients for each grade indicate the maximum change 
in the full scale gain from the initial value using the internal 10 
volt reference. 


TEMPERATURE COEFFICIENTS 

The temperature coefficients for full-scale calibration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at Tin OF Tmax: 


POWER SUPPLY REJECTION 

The standard specifications for the ADS74A assume use of 

+ 5.00 and + 15.00 or + 12.00 volt supplies. The only effect of 
power supply error on the performance of the device will be a 
small change in the full scale calibration. This will result in a 
linear change in all lower order codes. The specifications show 
the maximum change in calibration from the initial value with 
the supplies at the various limits. 


CODE WIDTH 

A fundamental quantity for A/D converter specifications is the 
code width. This is defined as the range of analog input values 
for which a given digital output code will occur. The nominal 
value of a code width is equivalent to 1 least significant bit 
(LSB) of the full scale range or 2.44mV out of 10 volts for a 12- 
bit ADC. 


QUANTIZATION UNCERTAINTY 

Analog-to-digital converters exhibit an inherent quantization 
uncertainty of + '4ZLSB. This uncertainty is a fundamental 
characteristic of the quantization process and cannot be reduced 
for a converter of given resolution. 


LEFT-JUSTIFIED DATA 

The data format used in the AD574A is left-justified. This 
means that the data represents the analog input as a fraction of 
full-scale, ranging from 0 to 49¢. This implies a binary point 
to the left of the MSB. 


CIRCUIT OPERATION 

The AD574A is a complete 12-bit A/D converter which requires 

no external components to provide the complete successive-ap- 
proximation analog-to-digital conversion function. A block dia- _ 

gram of the AD574A is shown in Figure 2. The device consists 

of two chips, one containing the precision 12-bit DAC with 

voltage reference, the other containing the comparator, successive- 7 
approximation register, clock, output buffers and control cir- 

cultry. 
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Figure 2. Block Diagram of AD574A 12-Bit A-to-D Converter 


When the control section is commanded to initiate a conversion 
(as described later), it then enables the clock and resets the 
successive-approximation register (SAR) to all zeros. Once a 
conversion cycle has begun, it cannot be stopped or re-started 
and data is not available from the output buffers. The SAR, 
timed by the clock, will then sequence through the conversion 
cycle and return an end-of-convert flag to the control section. 
The control section will then disable the clock, bring the output 
status flag low, and enable control functions to allow data read 
functions by external command. 


During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output current 
which accurately balances the input signal current through the 
5k (or 10kQ) input resistor. The comparator determines whether 
the addition of each successively-weighted bit current causes the 
DAC current sum to be greater or less than the input current; if 
the sum is less, the bit is left on; if more, the bit is turned off. 
After testing all the bits, the SAR contains a 12-bit binary code 
which accurately represents the input signal to within + “LSB. 
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The temperature-compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The reference is trimmed 
to 10.00 volts + 1%; it can supply up to 1.5mA to an external 
load in addition to that required to drive the reference input 
resistor (0.5mA) and bipolar offset resistor (ImA) when the 
AD574A is powered from + 15V supplies. If the ADS74A is 
used with + 12V supplies, or if external current must be supplied 
over the full temperature range, an external buffer amplifier is 
recommended. Any external load on the ADS74A reference 
must remain constant during conversion. The thin film application 
resistors are trimmed to match the full scale output current of 
the DAC. There are two 5k) input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10k bipolar offset resistor 
is grounded for unipolar operation or connected to the 10 volt 
reference for bipolar operation. 


DRIVING THE AD574A ANALOG INPUT 

The ADS574A is a successive-approximation type analog-to-digital 
converter. During the conversion cycle, the ADC input current 
is modulated by the DAC test current at approximately a 500kHz 
rate. Thus it is important to recognize that the signal source 
driving the AD574A must be capable of holding a constant 
output voltage under dynamically—changing load conditions. 


FEEDBACK TO AMPLIFIER 
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Figure 3. Op Amp — AD574A Interface 


The closed loop output impedance of an op amp is equal to the 
open loop output impedance (usually a few hundred ohms) 
divided by the loop gain at the frequency of interest. It is often 
assumed that the loop gain of a follower-connected op amp is 
sufficiently high to reduce the closed loop output impedance to 
a negligibly small value, particularly if the signal is low frequency. 
However, the amplifier driving an ADS74A must either have 
sufficient loop gain at 500kHz to reduce the closed loop output 
impedance to a low value or have low open loop output 
impedance. 


This can be accomplished either by using a wideband op amp or 
by placing a discrete-transistor or integrated buffer inside the 
amplifier’s feedback loop. 


SUPPLY DECOUPLING AND LAYOUT - 
CONSIDERATIONS 

It is critically important that the AD574A power supplies be 
filtered, well-regulated, and free from high frequency noise. Use 
of noisy supplies will cause unstable output codes to be generated. 
Switching power supplies are not recommended for circuits 
attempting to achieve 12-bit accuracy unless great care is used 
in filtering any switching spikes present in the output. Remember 
that a few millivolts of noise represents several counts of error 
in a 12-bit ADC. 


Decoupling capacitors should be used on all power supply pins; 
the +5V supply decoupling capacitor should be connected 
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directly from pin 1 to pin 15 (digital common) and the + Vcc 
and — Veg pins should be decoupled directly to analog common 
(pin 9). A suitable decoupling capacitor is a 47yF tantalum type 
in parallel with a 0.1F disc ceramic type. 


Circuit layout should attempt to locate the AD574A, associated 
analog input circuitry, and interconnections as far as possible 
from logic circuitry. For this reason, the use of wire-wrap circuit 
construction 1s not recommended. Careful printed-circuit con- 
struction is preferred. | 


UNIPOLAR RANGE CONNECTIONS FOR THE AD574A 
The ADS574A contains all the active components required to 
perform a complete 12-bit A/D conversion. Thus, for most 
situations, all that is necessary is connection of the power supplies 


(+5, +12/+15 and —12/—15 volts), the analog input, and the 


conversion initiation command, as discussed on the next page. 
Analog input connections and calibration are easily accomplished; 
the unipolar operating mode is shown in Figure 4. 


_ ADS574A 
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13 10Vin +15V 7 
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Figure 4, Unipolar Input Connections 


All of the thin film application resistors of the AD574A are 
trimmed for absolute calibration. Therefore, in many applications, 
no calibration trimming will be required. The absolute accuracy 
for each grade is given in the specification tables. For example, 
if no trims are used, the AD574AK guarantees + 2LSB max 
zero offset error and + 0.3% (12LSB) max full scale error. (Typical 
full scale error is + 2LSB.) If the offset trim is not required, 

pin 12 can be connected directly to pin 9; the two resistors and 
trimmer for pin 12 are then not needed. If the full scale trim is 
not needed, a 509 +1% metal film resistor should be connected 
between pin 8 and pin 10. 


The analog inptit is connected between pin 13 and pin 9 for a 0 
to + 10V input range, between 14 and pin 9 for a 0 to +20V 
input range. The AD5S74A easily accommodates an input signal 
beyond the supplies. For the 10 volt span input, the LSB has a 
nominal value of 2.44mV, for the 20 volt span, 4.88mV. If a 
10.24V range is desired (nominal 2.5mV/bit), the gain trimmer 
(R2) should be replaced by a 502 resistor, and a 200 trimmer 
inserted in series with the analog input to pin 13 (for a full scale 
range of 20.48V (SmV/bit), use a 5002 trimmer into pin 14). 
The gain trim described below is now done with these trimmers. 
The nominal input impedance into pin 13 is 5kQ, and 10k 
into pin 14. 


UNIPOLAR CALIBRATION 

The AD574A is intended to have a nominal ’2LSB offset so that 
the exact analog input for a given code will be in the middle of 
that code (halfway between the transitions to the codes above 
and below it). Thus, when properly calibrated, the first transition 
(from 0000 0000 0000 to 0000 0000 0001) will occur for an 


input level of +’ZLSB (1.22mV for 10V range). 


If pin 12 is connected to pin 9, the unit typically will behave in 
this manner, within specifications. If the offset trim (R1) is 
used, it should be trimmed as above, although a different offset 


can be set for a particular system requirement. This circuit will 
give approximately + 15mV of offset trim range. 


The full scale trim is done by applying a signal 1!2LSB below 
the nominal full scale (9.9963 for a 10V range). Trim R2 to give 
the last transition (1111 1111 1110 to 1111 1111 1111). 


BIPOLAR OPERATION 

The connections for bipolar ranges are shown in Figure 5. Again, 
as for the unipolar ranges, if the offset and gain specifications 
are sufficient, one or both of the trimmers shown can be replaced 
by a 500 +1% fixed resistor. The analog input is applied as for 
the unipolar ranges. Bipolar calibration is similar to unipolar 
calibration. First, a signal “LSB above negative full scale 
(—4.9988V for the +5V range) is applied and R1 is trimmed to 
give the first transition (0000 0000 0000 to 0000 0000 0001). 
Then a signal 1“%2LSB below positive full scale (+ 4.9963V for 
the +5V range) is applied and R2 trimmed to give the last 
transition (1111 1111 1110 to 111] 1111 1111). 
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Figure 5. Bipolar Input Connections 


GROUNDING CONSIDERATIONS 

The analog common at pin 9 is the ground reference point for 
the internal reference and is thus the “high quality” ground for 
the AD574A; it should be connected directly to the analog 
reference point of the system. In order to achieve all of the high 
accuracy performance available from the ADS74A in an environ- 
ment of high digital noise content, it is required that the analog 
and digital commons be connected together at the package. In 
some situations, the digital common at pin 15 can be connected 
to the most convenient ground reference point; analog power 
return is preferred. 


CONVERSION START/DATA READ 

CONTROL LOGIC 

The AD574A contains on-chip logic to provide conversion initi- 
ation and data read operations from signals commonly available 
in microprocessor systems. Figure 6 shows the internal logic 

— circuitry of the ADS74A. 


The control signals CE, CS, and R/C control the operation of 
the converter. The state of R/C when CE and CS are both asserted 
determines whether a data read (R/C = 1) or a convert (R/C = 

_ 0) is in progress. The register control inputs Ag and 12/8 control 
conversion length and data format. The Ao line is usually tied 
to the least significant bit of the address bus. If a conversion is 
started with Ao low, a full 12-bit conversion cycle is initiated. If 
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Figure 6. AD574A Control Logic 


CE CS RC 12/8 Ao Operation 

0 xX xX xX X None 

».4 1 xX X X None 

1 0 0 Xx 0 Initiate 12-Bit Conversion 

] 0 0 4 ] Initiate 8-Bit Conversion 

] 0 ] Pinl X_— Enable 12-Bit Parallel Output 

1 0 1 PinlS 0 Enable 8 Most Significant Bits 

1 0 ] PinlS 1  Enable4LSBs +4 Trailing Zeroes 


Table 1. AD574A Truth Table 


Ao is high during a convert start, a shorter 8-bit conversion 


result (Ag = 0) or the 4 LSBs (Ag = 1) are enabled. The 12/8 
pin determines whether the output data is to be organized as 
two 8-bit words (12/8 tied to DIGITAL COMMON) or a single 
12-bit word (12/8 tied to VLOGIC). The 12/8 pin is not TTL- 
compatible and must be hard-wired to either VLOGIC or DIGI- 
TAL COMMON. In the 8-bit mode, the byte addressed when 
Ao is high contains the 4 LSBs from the conversion followed by 
four trailing zeroes. This organization allows the data lines to be 
overlapped for direct interface to 8-bit buses without the need 


for external three-state buffers. 


It is not recommended that Ao change state during a data read 
operation. Asymmetrical enable and disable times of the three-state 
buffers could cause internal bus contention resulting in potential 
damage to the ADS74A. . 


An output signal, STS, indicates the status of the converter. 
STS goes high at the beginning of a conversion and returns low 


when the conversion cycle is complete. 


TIMING 

The AD574 is easily interfaced to a wide variety of microprocessors 
and other digital systems. Discussion of the timing requirements 
of the AD5S74A control signals will provide the system designer 
with useful insight into the operation of the device. 


Figure 7 shows a complete timing diagram for the ADS74A con- 
vert start operation. R/C should be low before both CE and CS 
are asserted; if R/C is high, a read operation will momentarily 
occur, possibly resulting in system bus contention. Either CE or 
CS may be used to initiate a conversion. As shown in Figure 7, 
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cycle results. During data read operations, Ag determines whether p 
the three-state buffers containing the 8 MSBs of the conversion 


CE is used. If CS is used to trigger conversion or if the specified 
set-up times are not met, appropriately longer pulses are necessary 
(to provide at least 200ns when R/C, CE, and CS are all valid). 
Note that CE includes one less propagation delay than CS and is 
therefore the faster input. 
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Figure 7. Convert Start Timing 
Once a conversion is started and the STS line goes high, convert 
start commands will be ignored until the conversion cycle is 


complete. The output data buffers cannot be enabled during 
conversion. 
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Figure 8. Read Cycle Timing 


Figure 8 shows the timing for data read operatons. The AD574A 
differs from the original AD574 design in that the three-state 


output buffers feature faster access time and shorter data latency 


times. This speed improvement simplifies the interface to faster 
microprocessors. During data read operations, access time is 
measured from the point where CE and R/C both are high (as- 
suming CS is already low). If CS is used to enable the device, 
access time is extended by 100ns. 


In the 8-bit bus interface mode (12/8 input wired to DIGITAL 
COMMON), the address bit, Ag, must be stable at least 150ns 
prior to CE going high and must remain stable during the entire 
read cycle. If Ao is allowed to change, damage to the AD574A 
output buffers may result. 


“STAND-ALONE” OPERATION 

The AD574A can be used in a “‘stand-alone” mode, which is 
useful in systems with dedicated input ports available and thus 
not requiring full bus interface capability. 


In this mode, CE and 12/8 are wired high, CS and Ag are wired. 
low, and conversion is controlled by R/C. The three-state buffers 
are enabled when R/C is high and a conversion starts when R/C 
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ADS74A TIMING SPECIFICATIONS 


CONVERT MODE 
_ Symbol Parameter Min Typ Max Units 
tpsc STS Delay from CE 300 ~—Ss ns 

tHEc CE Pulse Width 300 ns 
tssc ' CS toCE Setup . 300 ns 
tHsc CS Low During CE High 200 ns 
tsrc R/CtoCE Setup 250 ns 
ture R/C Low During CEHigh 200 ns 
Isac Ao toCE Setup 0 ns 
HAC Ao Valid During CE High 300 ns 
tc Conversion Time 

8-Bit Cycle 10 24 ps 

12-Bit Cycle 15 35 ps: 
READ MODE 
tpp Access Time (from CE) 210 250° ns 
tup Data Valid after CE Low 25 ns 
tr. Output Float Delay 110 150 nos 
tssr CS toCE Setup 150 ns 
tsrR R/CtoCE Setup 0 ns 
tsar AotoCE Setup 150 ns 
tse CS Valid After CE Low 50 ns 
tHRR R/C High After CE Low 0 ns 
tHAR Ao Valid After CE low 50 ns 


goes low. This gives rise to two possible control signals~a high 
pulse or a low pulse. Operation with a low pulse is shown in 
Figure 9. In this case, the outputs are forced into the high-im- 
pedance state in response to the falling edge of R/C and return 
to valid logic levels after the conversion cycle is completed. The 
STS line goes high 500ns after R/C goes low and returns low 
300ns after data is valid. 


If conversion is initiated by a high pulse as: shown in Figure 10, 
the data lines are enabled during the time when R/C is high. 
The falling edge of R/C starts the next conversion and the data 
lines return to three-state (and remain three-state) until the next 
high pulse of R/C. 


a) 


ora 
eet 


DB11-DB0 healt ' ' DATA VALID 


Figure 9, Low Pulse for R/C — Outputs Enabled After 
Conversion 


DBN-OBO HiGH-Z__# DATA NIGH 
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_ Figure 10. High Pulse for R/C — Outputs Enabled While R/C 


High, Otherwise High-Z 
STAND-ALONE MODE TIMING 


Symbol Parameter Min Typ Max Units 
ture Low R/C Pulse Width 350 ns 
tps STS Delay from R/C 500 —sns 
typr Data Valid AfterR/C Low 25 . ns 
ths STS Delay After Data Valid 300 1000 _ ns 
tHRH High R/C Pulse Width 250 ns > 
tppr Data Access Time 250 ns 
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7 Very Fast, Complete 
12-Bit A/D Converter 


FEATURES 
Performance 


Complete 12-Bit A/D Converter with Reference and Clock 

Fast Successive Approximation Conversion: 3us 

Buried Zener Reference for Long Term Stability and Low 
Gain T.C.: +30ppm/°C max 

Max Nonlinearity: < +0.012% 

Low Power: 775mW 

Hermetic Package Available 


Versatility 

Positive-True Parallel or Serial Logic Outputs 

Short Cycle Capability 

Precision +10V Reference for External Applications 
Adjustable Internal Clock 

““Z" Models for +12V Supplies 


PRODUCT DESCRIPTION 

The AD578 is a high speed low cost 12-bit successive approxi- 
mation analog-to-digital converter that includes an internal 

- clock, reference and comparator. Its hybrid IC design uti- 

’ lizes MSI digital and linear monolithic chips in conjunction 
with a 12-bit monolithic DAC to provide modular performance 
and versatility with IC size, price and reliability. 


Important performance characteristics of the AD578 include 
a maximum linearity error at +25° C of 0.012%, maximum gain 
temperature coefficient of +30ppm/°C, typical power dissipa- 
tion of 775mW and maximum conversion time of 3ys. 


The fast conversion speeds of 3yus (L grade) 4.5us (K grade) 
and 6us (J grade) make the AD578 an excellent choice in a 
variety of applications where system throughput rates from 
166kHz to 333kHz are required. In addition, it may be short 
cycled to obtain faster conversion speeds at lower resolutions. 


The design of the AD578 includes scaling resistors that provide 
analog input signal ranges of 5V, +10V, 0 to +10V or 0 to 
+20V. Adding flexibility and value is the +10V precision refer- 
ence which can be used for external applications. 


The AD578 is available with either the polymer seal (N) for 
use in benign environmental applications or solder-seal (D) 
for more harsh or rigorous surroundings. Both are contained 
in a 32-pin side-brazed, ceramic DIP. © 


1. 


32 PIN DIP 
PRODUCT HIGHLIGHTS 


The AD578 is a complete 12-bit A/D converter. No external 
components are required to perform a conversion. 


choice for high speed data acquisition and digital audio 
processing applications. 


. The fast conversion rate of the AD578 makes it an excellent Me 


. The internal buried zener reference is laser trimmed to 


10.00V +0.1% and +15ppm/°C typical T.C. The reference 
is available externally and can provide up to 1mA. 


. The scaling resistors are included on the monolithic DAC 


for exceptional thermal tracking. 


. Short cycle and external clock capabilities are provided for 


applications requiring faster conversion speeds and/or 
lower resolutions. 


. The integrated package construction provides high quality 


and reliability with small size and weight. 
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‘SPECIFICATIONS ,, ‘oiieal @ 125° C; sabi and +5V unless sine noted). 


Model AD578) AD578K ADS578L 
RESOLUTION  —— 12 Bits 7 7 : 
ANALOG INPUTS a, 
Voltage Ranges 
Bipolar +5.0V, +10V ig . 
Unipolar 0 to +10V, 0 to +20V r 
Input Impedance 
0 to +10V, +5V 5kQ if : 
+10V, 0 to +20V 10kQ on : 
DIGITAL INPUTS 
Convert Command! 1LS TTL Load id i 
Clock Input 1LS TTL Load es : 
TRANSFER CHARACTERISTICS 
Gain Error"? +0.1% FSR, +0.25% FSR max ’ i 
Unipolar Offset? +0.1% FSR, +0.25% FSR max s . 
Bipolar Offset>** +0.1% FSR, +0.25% FSR max * i 
Linearity Error 
+25°C _ £1/2LSB max : . 
» Oto +70°C +3/4LSB max i 


DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 


+25°C 12 Bits ‘ * 

0 to +70°C 12 Bits - : | 

POWER SUPPLY SENSITIVITY 

+15V +10% 3ppm/%AVs typ . 
10ppm/%AVs max ‘4 * 
-15V +10% 15ppm/%AVz typ t F 
25ppm/%AVs max : . 
+5V +10% 2ppm/%AVs typ i 3 
* x 


10ppm/%AVs max 


TEMPERATURE COEFFICIENTS 


~ Gain +15ppm/°C typ : : 
+30ppm/°C max . 
Unipolar Offset +3ppm/°C typ ss * 
+10ppm/°C max +5ppm/°C max sid 
Bipolar Offset +8ppm/°C typ ‘i ‘ 
+20ppm/°C max +15ppm/°C max ** 
Differential Linearity +2ppm/°C typ * . 
CONVERSION TIME*® (max) 6.0us 4.5us 3s 
PARALLEL OUTPUTS 
Unipolar Code Binary . : 
Bipolar Code Offset Binary/Two’s Complement i 
Output Drive 2TTL Loads ‘ : 
SERIAL OUTPUTS (NRZ FORMAT) 
Unipolar Code Binary/Complementary Binary ‘ * 
Bipolar Code Offset Binary/Comp. Offset Binary * ? 
Output Drive 2TTL Loads * : 
END OF CONVERSION (EOC) Logic ‘‘1”” During Conversion * * 
Output Drive 8TTL Loads P * 
INTERNAL CLOCK’ 
Output Drive 2TTL Loads = * 
INTERNAL REFERENCE 
Voltage 10.000 + 10mV : 
External Current +1mA max J bs 
POWER SUPPLY REQUIREMENTS 
Range for Rated Accuracy 4.75 to 5.25 and +13.5 to +16.5 . - 
Z Models® 4.75 to 5.25 and +11.8 to +16.5 . . 
Supply Current +15V 3mA typ, 8mA max * > 
-15V 22mA typ, 35mA max * * 
+5V 80mA typ, 110mA max * : 
Power Dissipation 775mW typ . ‘ 
TEMPERATURE RANGE 
Operating 0 to +70°C i * 
Storage -55°C to +150°C : * 
NOTES 
1 Positive pulse 200ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge ° Each grade is specified at the conversion speed shown. 
initiates conversion. 7; Externally adjustable by a resistor or capacitor. 
2 with 502, 1% fixed resistor in place of gain adjust potentiometer. * For “Z” models order AD578ZJ, ADS78ZK or AD578ZL. 
> Adjustable to zero. *Specifications same as AD5S78). 
“With 502, 1% resistor between Ref Out and Bipolar Offset (Pins 24 & 26). **Specifications same as ADS78K. 
5 Conversion time is defined as the time betweeen the falling edge of Specifications subject to change without notice. 


convert start and the falling edge of the EOC. 
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Figure 1. AD578 Functional Diagram and Pinout 


The AD578 is a complete 12-bit A/D converter which requires 
no external components to provide the successive-approxi- 
mation analog-to-digital conversion function. A block diagram 
of the AD578 is shown in Figure 1. 


When the control section is commanded to initiate a conversion 
it enables the clock and resets the successive-approximation 
register (SAR). The SAR, timed by the clock, sequences 
through the conversion cycle and returns an end-of-convert 
flag to the control section. The control section disables the 
clock and brings the output status flag low. The parallel data 
bits become valid on the rising edge of the clock pulse 
starting with ty and ending with tq2. 


During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output cur- 
rent which accurately balances the input signal current through 
the 5kQ2 (or 10kQ2) input resistor. The comparator determines 
whether the addition of each successively-weighted bit current 
causes the DAC current sum to be greater or less than the in- 
put current; if the sum is less, the bit is left on; if more, the 
bit is turned off. After testing all the bits, the SAR contains a 
12-bit binary code which accurately represents the input 
signal to within +1/2LSB. 


The temperature-compensated buried Zener reference pro- 
vides the primary voltage reference to the DAC and guaran- 
tees excellent stability with both time and temperature. The 
reference is trimmed to 10.00 volts +0.1%; it is buffered and 
can supply up to 1.0mA to an external load in addition to the 
current required to drive the reference input resistor (0.5mA) 
and bipolar offset resistor (1mA). The thin film application re- 
sistors are trimmed to match the full scale output current of 
the DAC. There are two 5k{2 input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10k{Q2 bipolar offset re- 
sistor is grounded for unipolar operation or connected to the 
10 volt reference for bipolar operation. 


UNIPOLAR CALIBRATION 

The AD578 is intended to have a nominal 1/2LSB offset so 
that the exact analog input for a given code will be in the mid- 
dle of that code (halfway between the transitions to the codes 
above and below it). Thus, when properly calibrated, the first 
transition (from 0000 0000 0000 to 0000 0000 0001) will 
occur for an input level of +1/2LSB (1.22mV for 10V range). 


| ~—— 200ns, min 


CONVERT CONVERSION TIME ——-.-——-| 
START 


125ns—m—| [xe | [e-70ns | [1000 |e ~15ns 
GATED 
CLOCK 
to t tf t3 & te te tr te ta tio ti t2 
EOC | ons CONVERSION IN PROGRESS 


“Li : | | 

Jme-75ns} | PARALLEL DATA VALID-— fuag—son] 
-BIT1 
(MSB) ! 
. 1 


BIT 3 ' 


BIT 12 ZZ | | 
SERIAL YW: B1} B2 | B3 | B4 BS | 86 | | B8 | B9 'B101B11/B12! G 

‘ t ' ! 1 I 
CLOCK 


LOC 

INTERNAL: CONNECT CLOCK OUT (18) TO CLOCK IN (19) 

EXTERNAL: CONNECT EXTERNAL CLOCK TO CLOCK IN (19) 
CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM PERIOD, Twain OF 100ns. 


Figure 2, AD578 Timing Diagram 


BITS 1-12 


Figure 3. Unipolar Input Connections 


If pin 26 is connected to pin 30, the unit will behave in this | 
manner, within specifications. Refer to Table 1 and Figure 5 
for further clarification. If the offset trim (R1) is used, it 
should be trimmed as above, although a different offset can 
be set for a particular system requirement. This circuit will 
give approximately t25mV of offset trim range. 


The full scale trim is done by applying a signal 1 1/2LSB below 
the nominal full scale (9.9963V for a 10V range). Trim R2 to 
give the last transition (1111 1111 1110 to 1111 1111 1111). 
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BIPOLAR OPERATION 

The connections for bipolar ranges are shown in Figure 4, 
Again, as for the unipolar ranges, if the offset and gain spec- 
ifications are sufficient, the 100Q2 trimmer shown can be 
replaced by a 5092 +1% fixed resistor. The analog input is 
applied as-for the unipolar ranges. Bipolar calibration is similar 
to unipolar-calibration. First, a signal 1/2LSB above negative 
full scale (-4.9988V for the t5V range) is applied, and R1 is 
, trimmed to give the first transition (0000 0000 0000 to 

“ 0000 0000 0001). Then, a signal 1 1/2LSB below positive 
full scale (+4.9963V for the +5V range) is applied and R2 
trimmed to give the last transition (1111 1111 1110 to 

1111 11111111), 


+10V 


e 
ANALOG INPUTS 
BITS 1-12 


Figure 4, Bipolar Input Connections 


ERROR SOURCES 

The analog continuum is partitioned into 2!? discrete ranges 
for 12-bit conversion. All analog values within a given quan- 
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza- 
tion uncertainty of +1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 


The actual conversion errors that are associated with A/D 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 


Analog Input — Volts 
(Center of Quantization Interval) 


0 to +10V 
Range 


0 to +20V -5V to +5V -10V to +10V 
Range Range Range 


The matching and tracking errors in the AD578 have been mini- 
mized by the use of amonolithic DAC that includes the scaling _ 
network. The initial gain and offset errors are specified at 0.1% 
FSR typical. These errors may be trimmed to zero by the use 
of the external trim circuits as shown in Figures 3 and 4. Lin- 
earity error is defined as the deviation from a true straight line 
transfer characteristic from a zero analog input which calls for 
a zero digital output to a point which is defined as full scale. 
The linearity error is unadjustable and is the most meaningful 
indication of A/D converter accuracy. Differential nonlinearity 
is a measure of the deviation in staircase step width between 
codes from the ideal least significant bit step size (Figure 5). 


Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes; the AD578 is specified as having no missing 
codes from 0 to +70°C and thus is monotonic. 


There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer character- 
istic about the zero or minus full scale point. The worst case 
accuracy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves as 
the root-sum-squared (RSS) and can be shown as: 


RSS = Veg? + €97 +e,” 


€q = Gain Drift Error (ppm/°C) 
€o = Offset Drift Error (ppm of FSR/° C) 
ey, = Linearity Error (ppm of FSR/°C) 


ALL BITS ON 


GAIN 
ERROR 
~x~ 


1117...1911 


DIGITAL OUTPUT — OB Code 


100 ...000 
OFFSET 
R 
Sed oman 
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“Fan ANALORINEUT +FSR 
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Figure 5. Transfer Characteristic for an Ideal Bipolar A/D 


Digital Output Code 
(Binary for Unipolar Ranges; 
Offset Binary for Bipolar Ranges) 


Bl B12 
(MSB) (LSB) - 


+9.9976 +19.9951 +4.9976 +9.9951 111111111111 
+9.9952 +19.9902 +4.9952 +9.9902 111111111110 
+5.0024 +10.0049 +0.0024 +0.0049 100000000001 
+5.0000 +10.0000 +0.0000 +0.0000 100000000000 
+0.0024 +0.0051 4.9976 -9.9951 000000000001 


+0.0000 +0.0000 © -5.0000 


-10.0000 


000000000000 


Table 1. Digital Output Codes vs, Analog Input for Unipolar and Bipolar Ranges 
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LAYOUT CONSIDERATIONS 

’ Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD578. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 


Each of the AD578’s supply terminals should be capaci- 
tively decoupled as close to the AD578 as possible. A large 
value capacitor such as 10uF in parallel with a 0.1uF capaci- 
tor is usually sufficient. Analog supplies are bypassed to the 
Analog Power Return pin and the logic supply is bypassed to 


the Digital GND pin. 


+ 
ANALOG 
0.1 10yF a+} ses 
DIG 
ce Ge ae 0.1uF 10uF 


Figure 6. Basic Grounding Practice 


To minimize noise the reference output (Pin 24) should be 
decoupled by a 6.8uF capacitor to pin 30. 


CLOCK RATE CONTROL 

The internal clock is preset to a nominal conversion time of 
5.6us. It can be adjusted for either faster or slower conver- 
sions. For faster conversion connect the appropriate 1% 


resistor between pin 17 and pin 18 and short pin 18 to pin 19. 


For slower conversions connect a capacitor between pin 15 
and pin 17. 


(9) 


4.5us 
(18) CONVERSION (18) 
RATE 
8252. Kk GRADE 3.32k2 
+1% +1% 


@ 


CAPACITANCE — pF 
1000 680 330 


CAPACITOR 


Sus 
CONVERSION 
RATE 


L GRADE 


CONVERSION TIME — us 


RESISTOR 


200 2k 10k 
RESISTANCE — 22 


Figure 7, Conversion Time vs. R&C Values 


The curves in Figure 7 characterize the conversion time for a 
given resistor or capacitor connection. 
Note: 12-bit operation with no missing codes is not$taran- 
teed when operating in this mode if a particular grades conver- 
sion speed specification has been exceeded. 


Short Cycle Input — A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 2 to be terminated after any 
number of desired bits has been converted, allowing some- 
what shorter conversion times in applications not requiring 
full 12-bit resolution. Short cycle pin connections and as- 
sociated maximum 12-, 10-, and 8-bit conversion times are 
summarized in Table 2 


Resolution (Bits) 
Connect Pin 14 to Pin 


Conversion Speed (us) 


Table 2, Short Cycle Connections 


External Clock — An external clock may be connected directly 
to the clock input, pin 19. When operating in this mode the 
convert start should be held high for a minimum of one clock 
period in order to reset the SAR and synchronize the conver- 
sion cycle. A positive going pulse width of 100 to 200 nano- 
seconds will provide a continuous string of conversions that 
start on the first rising edge of the external clock after the 
EOC output has gone low. 


External Buffer Amplifier — In applications where the AD578 


is to be driven from high impedance sources or directly from 
an analog multiplexer a fast slewing, wideband op amp like 
the AD507 should be used. 


Voo GND Vss 
e O O 


+5V +15V -15V 


$10 


4.07506 


$160 


EN AO Al A2 A3 


Figure 8. Input Buffer | 


MICROPROCESSOR INTERFACING 

The 3yus conversion time of the AD578 suggests several different 
methods of interface to microprocessors. In systems where the 
AD578 is used for high sampling rates on a single signal which 
is to be digitally processed, CPU-controlled conversion may be 
inefficient due to the slow cycle times of most microproces- 
sors. It is generally’ preferable to perform conversions inde- 
pendently, inserting the resultant digital data directly into 
memory. This can be done using direct memory access (DMA) 
which is totally transparent to the CPU. Interface to user- 
designed DMA hardware is facilitated by the guaranteed 

data validity on the falling edge of the EOC signal. 


In many multichannel data acquisition systems, the processor 


spends a good deal of time waiting for the ADC to complete 


its cycle. Converters with total conversion times of 25us to 
100us are not slow enough to justify use of interrupts, nor 
fast enough to finish converting during one instruction and are 
usually timed out with loops, or continuously polled for status. 
The AD578 allows the microprocessor to time out the con- 
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: 
3 
a 


LOW BYTE ) > 
ADDRESS 7402 
4 


verter with just a few dummy instructions. For example, an 
8085 system running at a 5MHz clock rate will time out an 
AD578 by pushing a register pair onto the stack and popping 
the same pair back off the stack. Such a time-out routine 
only occupies two bytes of program memory but requires 22 
clock cycles (4.4us). The time saved by not having to wait for 
the converter allows the processor to run much more efficient- 
ly, particularly in multichannel systems. 
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Figure 9. AD578—8085A Interface Connections 


Clearly, 12 bits of data must be broken up for interface to an 
8-bit wide data bus. There are two possible formats: right- 
justified and left-justified. In a right-justified system, the 
least-significant 8 bits occupy one byte and the four MSB’s 
reside in the low nybble of another byte. This format is use- 
ful when the data from the ADC 1s being treated as a binary 
number between 0 and 4095. The left-justified format sup- 
plies the eight most-significant bits in one byte and the 
4LSB’s in the high nybble of another byte. The data now re- 
presents the fractional binary number relating the analog 
signal to the full-scale voltage. An advantage to this organiza- 
tion is that the most-significant eight bits can be read by the 
processor as a coarse indication of the true signal value. The 
full 12-bit word can then be read only when all 12 bits are 
needed. This allows faster and more efficient control of a 
process. 


Figure 9 shows a typical connection to an 8085-type bus, using 


a left justified data format for unipolar inputs. Status polling 
is optional, and can be read simultaneously with the 4LSBs, 

If it is desired to right-justify the data, pins 1 through 12 of 

the AD578 should be reversed, as well as the connections to 

the data bus and high and low byte address signals. 


When dealing with bipolar inputs (+5V, +10V ranges), using 
the MSB directly yields an offset binary-coded output. If 
two’s complement coding is desired, it can be produced by 
substituting MSB (pin 13) for the MSB, This facilitates arith- 
metic operations which are subsequently performed on the 
ADC output data. 
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SAMPLED DATA SYSTEMS 

The conversion speed of the AD578 allows accurate digiti- 
zation of high frequency signals and high throughput rates in 
multichannel data acquisition systems. The AD578LD, for 
example, is capable of a full accuracy conversion in 3ys. In 
order to benefit from this high speed, a fast sample-hold 
amplifier (SHA) such as the HTC-0300 is required. This SHA 
has an acquisition time to 0.01% of approximately 300ns, so 
that a complete sample-convert-acquire cycle can be accom- 
plished in approximately 4ys. This means a sample rate of 
250kHz can be realized, allowing a signal with no frequency 
components above 125kHz to be sampled with no loss of in- 
formation. Note that the EOC signal from the AD578 places 
the SHA in the hold mode in advance of the actual start of 
the conversion cycle, and releases the SHA from the HOLD 
mode only after completion of the conversion, After allowing 
at least 300ns for the SHA to acquire the next analog value, 
the converter can again be started. 


~~ |~— 200ns 


START __ | a ere: eo 


tse] ee be tcony ——_—_>| 


CONVERSION OF FIRST SAMPLE 


ACQUISITION 


OF SAMPLE 2 CONVERSION 


EOC OF SAMPLE 2 


EOC IS ASSUMED TO BE TIED TO HOLD INPUT OF SHA 


NOTES: tse = 100ns 
tconv = 3us (AD578L) 
= 4.5us (AD578K) 
= Gus (AD578J) 


Figure 10. Start/EOC Timing for Sampled Data System 
AD578 ORDERING GUIDE 


Package 
Option’ 


Model 


AD578JN 
AD578KN 
AD578LN 


AD578JD 
AD578KD 
AD578LD 


Polymer-Seal 
Polymer-Seal 
Polymer-Seal 


HY32H 
HY32H 
HY32H 
HY32H 


Hermetic-Seal 
Hermetic-Seal 
Hermetic-Seal 


1See Section 20 for package outline information. 
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FEATURES 
Performance 


Complete 10-Bit A/D Converter with Reference and Clock 

Fast Successive Approximation Conversion: 1.8us 

Buried Zener Reference for Long Term Stability and Low 
Gain T.C.: +30ppm/°C. max 

Max Nonlinearity: <+0.048% 

Low Power: 775mW 

Hermetic Package Available 


Versatility 

Positive-True Parallel or Serial Logic Outputs 

Short Cycle Capability 

Precision +10V Reference for External Applications 
Adjustable Internal Clock 

“Z” Models for +12V Supplies 


PRODUCT DESCRIPTION 

The AD579 is a high speed low cost 10-bit successive approxi- 
mation analog-to-digital converter that includes an internal 
clock, reference and comparator. Its hybrid IC design uti- 
lizes MSI digital and linear monolithic chips in conjunction 
with a 10-bit monolithic DAC to provide modular performance 
and versatility with IC size, price and reliability. 


Important performance characteristics of the AD579 include 
a maximum linearity error at +25°C of 0.048%, maximum 
gain temperature coefficient of +30ppm/°C, typical power 
dissipation of 775mW and maximum conversion time of 
1.8ys. 


The fast conversion speeds of 1.8us (K, B and T grades) and 
2.2us (J grade) make the AD579 an excellent choice in a 
variety of applications where system throughput rates from 
454kHz to 555kHz are required. In addition, it may be short 
cycled to obtain faster conversion speeds at lower resolutions. 


The design of the AD579 includes scaling resistors that provide 
analog input signal ranges of t5V, +10V, 0 to +10V or 0 to 
+20V. Adding flexibility and value is the +10V precision refer- 
ence which can be used for external applications. 


The AD579 is available with either the polymer seal (N) for 
use in benign environmental applications or solder-seal (D) 
for more harsh or rigorous surroundings. Both are contained 
in a 32-pin side-brazed, ceramic DIP. | 


AD579 FUNCTIONAL BLOCK DIAGRAM 


COMPARATOR V 


32-PIN DIP 


PRODUCT HIGHLIGHTS 


1, 


The AD579 isa complete 10-bit A/D converter, No external 
components are required to perform a conversion. 


. The fast conversion rate of the AD579 makes it an excellent 


choice for high speed data acquisition on systems requiring 
high throughput rate. 


. The internal buried zener reference is laser trimmed to 


10.00V +0.1% and +15ppm/°C typ T.C. The reference is 
available externally and can provide up to 1mA. 


. The scaling resistors are included on the monolithic DAC 


for exceptional thermal tracking. 


. Short cycle and external clock capabilities are provided for 


applications requiring faster conversion Speeds and/or 
lower resolutions. 


. The integrated package construction provides high quality 


and reliability with small size and weight. 
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SPECIFICATIONS (typical @ +25°C; +15V, and +5V power supplies unless otherwise noted) 


Model ; AD579JN AD579KN AD579BD AD579TD 
RESOLUTION 10 Bits * * ry 


ANALOG INPUTS 
Voltage Ranges 


Bipolar +5.0V, t10V ° , 
‘Unipolar 0 to +10V, 0 to +20V . i 
Input Impedance 
0 to +10V, +5V 5kQ (+20%) : : 
+10V, 0 to +20V | 10kQ (20%) : : : 
DIGITAL INPUTS 
Convert Command! 1LS TTL Load ™ . 
Clock Input 1LS TTL Load : 
TRANSFER CHARACTERISTICS | 
Gain Error?" +0.1% FSR (+0.25% FSR max) 
Unipolar Offset? +0.1% FSR (+0.25% FSR max) 
Bipolar Offset®** +0.1% FSR (+0.25% FSR max) : 
Linearity Error 
+25°C +1/2LSB max . : 
TainctO Tyas +3/4LSB max - . * 


DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 


#25°C 10 Bits g if : 
Train £0 Tenax 10 Bits ig : : 
POWER SUPPLY SENSITIVITY 
+15V 410% 0.005%/%AVs max * 2 * 
-15V +10% 0.005%/%AVs max * are * 
+5V +10% 0.001%/%AVs max * * * 
“Z” Versions 
+12V +5% 0.007%/%AVs max : . * 
-12V +5% 0.007%/%AVs max * . : * 
TEMPERATURE COEFFICIENTS 
Gain t15ppm/°C typ. . . 
+30ppm/°C max : i" 
Unipolar Offset +3ppm/°C typ $ * 
+10ppm/°C max +5ppm/°C max 7 see 
Bipolar Offset +8ppm/°C typ ” * * 
+20ppm/°C max +15ppm/°C max ** baal 
Differential Linearity +2ppm/°C typ * . * 
CONVERSION TIME” (max) 2.2us 1.8us oe ee 
Conversion Time Tmin to Tmax 2.4us 2.0us ded dad 
PARALLEL OUTPUTS 
Unipolar Code Binary . - 
Bipolar Code Offset Binary/Two’s Complement * ° 
Output Drive 2LSTTL Loads 4 . 
SERIAL OUTPUTS (NRZ FORMAT) 
Unipolar Code Binary/Complementary Binary - 7 : 
Bipolar Code Offset Binary/Comp. Offset Binary * ‘ ad 
Output Drive 2LSTTL Loads : : 
END OF CONVERSION (EOC) Logic “1”? During Conversion r 2 5 
Output Drive 8LSTTL Loads . bs 23 
INTERNAL CLOCK’ ts 
Output Drive 2LSTTL Loads i ° 3 
INTERNAL REFERENCE 
Voltage 10.000 + 10mV si . . 
Temperature Coefficient 15ppm/°C : : 
External Current +1mA max 2 . = 
POWER SUPPLY REQUIREMENTS 
Range for Rated Accuracy 4.75 to 5.25 and 13.5 to +16.5 . * : 
Z Models® 4.75 to 5.25 and £11.4 to 16.5 ‘ . 2 
Supply Current +15V 3mA typ, 8mA max * : * 
-15V 22mA typ, 35mA max : : as 
+5V 80mA typ, 110mA max * . . 
Power Dissipation 775mW typ : ‘ : 


TEMPERATURE RANGE 


Operating 0 to +70°C . -25°C to +85°C = - 55°C to +125°C 
° 
Storage -55°C to +150°C . . . 
CE a aaa eae 
NOTES 
1 Positive pulse 200ns wide (min) leading edge (0 to 1) resets outputs. Trailing edge * Each grade is specified at the conversion speed shown. See Figure 7 
initiates conversion. for appropriate connections. 
2 With 502, 1% fixed resistor in place of gain adjust potentiometer. 7 Externally adjustable by a resistor or capacitor. 
5 Adjustable to zero. * For “Z” models order AD579ZJN, ADS79ZKN, AD579ZBD or ADS79ZTD. 
“With 502, 1% resistor between Ref Out and Bipolar Offset (Pins 24 & 26). *Specifications same as AD579JN. 
5 Conversion time is defined as the time between the falling edge of * *Specifications same 8s ADS79KN. 


convert start and the falling edge of the EOC. Specifications subject to change without notice. 
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THEORY OF OPERATION 

The AD579 is a complete 10-bit A/D converter which requires 
no external components to provide the successive-approxi- 
mation analog-to-digital conversion function. A block diagram 
of the AD579 is shown in Figure 1. 


TEST POINT | 1 | 
TEST POINT | 2 | 


ee aaa 18 a 
er? GF 
avy oe} HUT 


SHORT CYCLE | 14 | 10-BIT 


+5V 16 | 


Figure 1. AD579 Functional Diagram and Pinout 


- 


On receipt of aCONVERT START command, the AD579 
converts the voltage at its analog input into an equivalent 


bit binary number. This conversion is accomplished as follows: 


the 10-bit successive-approximation register (SAR) has its 
10-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com- 
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 


The temperature-compensated buried Zener reference pro- 
vides the primary voltage reference to the DAC and guaran- 
tees excellent stability with both time and temperature. The 
reference is trimmed to 10.00 volts +0,1%; it is buffered and 
can supply up to 1.0mA to an external load in addition to the 
current required to drive the reference input resistor (0.5mA): 
and bipolar offset resistor (1mA). The thin film application re- 
sistors are trimmed to match the full scale output current of 
the DAC. There are two 5kQ input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10kQ bipolar offset re- 
sistor is grounded for unipolar operation or connected to the 
10 volt reference for bipolar operation. 


TIMING 

The timing diagram is shown in Figure 2. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 10 cycles. All 
SAR parallel bit and STATUS flip-flops are initialized on the 
leading edge, and the gated clock inhibit signal is removed on 
the trailing edge of the CONVERT START signal. At time to, 
By, is reset and Bz -Byg are set unconditionally, At ty the 

Bit 1 decision is made (keep) and Bit 2 is unconditionally 
reset. At tz, the Bit 2 decision is made (keep) and Bit 3 is 
reset unconditionally. This sequence continues until Bit 10 
(LSB) decision (keep) is made at typ. After a 15ns delay 
period, the STATUS flag is reset, indicating that the con- 
version is complete and that the parallel output data is 

valid. Resetting the STATUS flag restores the gated clock 
inhibit signal, forcing the clock output to Logic “‘O”’ state. 


| je 200ns, min 


CONVERT 


START CONVERSION TIME ec 


125ns—a—| eee] ee 70ns we] 100m fe ~ 15s 


GATED 


CLOCK 
to t t t3 t ts t tt te ty | tho 
EOC | | EOD cs CONVERSION IN PROGRESS 
25ns_ 


=| 750s) | 


PARALLEL DATA VALID+}<<_—_———2| 


‘BIT 3 
BIT 4 
BIT 5 
BIT 6 
BIT 7 


BIT 8 


SERIAL YA B1} B2 | B3 B4 | BS | B6 =| B88 : BS Ta10) Z 
' ' ' t 


CLOCK 
INTERNAL: CONNECT CLOCK OUT (18) TO CLOCK IN (19) 
EXTERNAL: CONNECT EXTERNAL CLOCK TO CLOCK IN (19) 
CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM PERIOD, Twin OF 100ns. 


Figure 2, AD579 Timing Diagram 


Serial data does not change and is guaranteed valid on negative- 
going clock edges, therefore; serial data can be transferred 
quite simply by clocking it into a receiving shift register on 
these edges (see Figure 2). 

Incorporation of this 15ns delay guarantees that the parallel 
(and serial) data are valid at the Logic “‘1’’ to “‘O”’ transition 

of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 
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UNIPOLAR CALIBRATION - 

The AD579 is intended to have a soninal 1/2LSB offset so 
that the exact analog input for a given code will be in the mid- 
dle of that code (halfway between the transitions to the codes 
above and below it). Thus, when properly calibrated, the first 
transition (from 0000 0000 00 to 0000 0000 01) will occur 
for an input level of +1/2LSB (4.88mV for 10V range). 


If pin 26 is connected to pin 30, the unit will behave in this 
manner, within specifications. Refer to Table 1 and Figure 3 
for further clarification. If the offset trim (R1) is used, it 
should be trimmed as above, although a different offset can 
be set for a particular system requirement. This circuit will 
give approximately +50mV of offset trim range. 


The full scale trim is done by applying a signal 1 1/2LSB below 
the nominal full scale (9.985V for a 10V range). Trim R2 to 
give the last transition (1111 1111 10 to 1111 1111 11). 


ADS79 


CLOCK OUT 


CLOCK IN 


6.8uF 


*SEE FIGURE 7 
Figure 3, Unipolar Input Connections 


BIPOLAR OPERATION 

The connections for bipolar ranges are shown in Figure 4. 
Again, as for the unipolar ranges, if the offset and gain spec- 
ifications are sufficient, the 1002) trimmer shown can be 
replaced by a 5082 +1% fixed resistor. The analog input is 


*SEE FIGURE 7 


Figure 4. Bipolar Input Connections 


Analog Input — Volts 


(Center of Quantization Interval) 


0 to +10V 


+19,9804 
+19,9609 


+4,9902 
+4,9804 


+9,9902 
+9,9804 


+10,0195 


+5.0097 +0.0097 
+5.0000 | +10,0000 | +0.0000 
+0,0097 +0.0195 |-4.9902 


+0.0000 | -5.0000 


+0.0000 


+9.9804 
+9,9609 


+0.0195 
+0.0000 


-9.9804 
- 10,0000 


applied as for the unipolar ranges. Bipolar calibration is similar 
to unipolar calibration. First, a signal 1/2LSB above negative 
full scale (-4.9957V for the +5V range) is applied, and R1 is 
trimmed to give the first transition (0000 0000 00 to 

0000 0000 01). Then, a signe! 1 1/2LSB below positive 

full scale (+4.9853V for the +5V range) is applied and R2 
trimmed to give the last transition (1111 1111 10 to 
1111111111). 


ERROR SOURCES ; 

The analog continuum is partitioned into 219 discrete ranges 
for 10-bit conversion, All analog values within a given quan- 
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza- 
tion uncertainty of +1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 


The actual conversion errors that are associated with A/D 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 


The matching and tracking errors in the AD579 have been mini- 
mized by the use of a monolithic DAC that includes the scaling 
network. The initial gain and offset errors are specified at +0.1% 
FSR typical. These errors may be trimmed to zero by the use 
of the external trim circuits as shown in Figures 3 and 4. Lin- 
earity error is defined as the deviation from a true straight line 
transfer characteristic from a zero analog input which calls for 
a zero digital output to a point which is defined as full scale. 
The linearity error is unadjustable and is the most meaningful 
indication of A/D converter accuracy. Differential nonlinearity 
is a measure of the deviation in staircase step width between 
codes from the ideal least significant bit step size (Figure 5). 


Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes; the AD579 is specified as having no missing 
codes from -55°C to +125°C and thus is monotonic. 


There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer character- 
istic about the zero or minus full scale point. The worst case 
accuracy drift is the summation of all three drift errors over 


temperature. Statistically, however, the drift error behaves as 


the root-sum-squared (RSS) and can be shown as: 


RSS = Veg? +€92 +e," 


EG = Gain Drift Error (ppm/°C) 
€o = Offset Drift Error (ppm of FSR/ C) 
€,, = Linearity Error (ppm of FSR/°C) 


Digital Ourput Code | 
(Binary for Unipolar Ranges; 
Offset Binary for Bipolar Ranges) _ 


1000000001 
1000000000 


0000000001 
0000000000 


Table 1, Digital Output Codes vs. Analog Input for Unipolar and Bipolar Ranges 
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Figure 5. Transfer Characteristic for an Ideal Bipolar A/D 


LAYOUT CONSIDERATIONS 

Many data acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground, These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD579. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

Each of the AD579’s supply terminals should be capacitively 
decoupled as close to the AD579 as possible. A large value 
capacitor such as 10uF in parallel with a 0.1uF capaci- 
tor is usually sufficient. Analog supplies are bypassed to the 
Analog Power Return pin and the logic supply is bypassed to 
the Digital GND pin. 


+5V 0.1uF sou 
ANALOG 
0.1F 10uF (30) COMMON 
DIG ] | (15) 


Figure 6. Basic Grounding Practice 


To minimize noise the reference output (Pin 24) should be 
decoupled by a 6.8uF capacitor to pin 30. 


CLOCK RATE CONTROL 

The internal clock is preset to a nominal conversion time of 
4.8us. It can be adjusted for either faster or slower conver- 
sions. For faster conversion connect the appropriate 1% 


resistor between pin 17 and pin 18 and short pin‘18 to pin 19. 


© (9) 
© (8) 
2.2us 1.8us 
CONVERSION CONVERSION 
RATE RATE 
we a 
(7) (7) 


Figure 7. Clock Rate Control Connection 


Short Cycle Input — A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 2 to be terminated after any 
number of desired bits has been converted, allowing some- 
what shorter conversion times in applications not requiring 
full 10-bit resolution. Short cycle pin connections and as- 
sociated maximum 10- and 8-bit conversion times are sum- _ 
marized in Table. 2. 


Resolution (Bits) 
Connect Pin 14 to Pin 


Conversion Speed (us) 


Table 2, Short Cycle Connections 


External Clock — An external clock may be connected directly 
to the clock input, pin 19. When operating in this mode the 
convert start should be held high for a minimum of one clock 
period i in order to reset the SAR and synchronize the conver- 
sion cycle. 


External Buffer Amplifier — In applications where the AD579 
is to be driven from high impedance sources or directly from 
an analog multiplexer a fast slewing, wideband op amp like 
the LH0033G should be used. 


+15V 


+5V +15V -15V 


Voo GND Vss 


$10 


AD7506 AD579 


$16 © 


30 
L Ls 
| = a wah 
ges3s pesky, be | 
” 15 


Figure 8. Input Buffer 


SAMPLED DATA SYSTEMS 

The conversion speed of the AD579 allows accurate digiti- 
zation of high frequency signals and high throughput rates in 
multichannel data acquisition systems, The AD579BD, for 
example, is capable of a full accuracy conversion in 1.8ys. In 
order to benefit from this high speed, a fast sample-hold 
amplifier (SHA) such as the HTC-0300 is required. This SHA 
has an acquisition time to 0.01% of approximately 300ns, so 
that a complete sample-convert-acquire cycle can be accom- 
plished in approximately 2.5us. This means a sample rate of 
400kHz can be realized, allowing a signal with no frequency 
components above 200kHz to be sampled with no loss of in- 
formation. Note that the EOC signal from the AD579 places 
the SHA in the hold mode in advance of the actual start of 
the conversion cycle, and releases the SHA from the HOLD 
mode only after completion of the conversion. After allowing 
at least 300ns for the SHA to acquire the next analog value, 
the converter can again be started. 


—> ~— 200ns 
CONVERT 
START 
tse —| fase | tconv————_»>| 
ACQUISITION 
CONVERSION 
EOC CONVERSION OF FIRST SAMPLE OF SAMPLE 2 OF SAMPLE 2 


EOC IS ASSUMED TO BE TIED TO HOLD INPUT OF SHA 
NOTES: tse = 100ns 


Figure 9. Start/EOC Timing for Sampled Data System 
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Figure 11. 154kHz — 10-Bit, A/D Conversion System 
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Figure 12. High Speed 10-Bit DAS 


A fast (85kHz) 10-bit DAS can be configured using the AD362 
and the AD579. The AD362 contains two 8-channel multi- 
plexers, a differential amplifier, a sample-and-hold with high- 
speed output amplifier, a channel address latch and control 
logic. The multiplexers may be connected to the differential 
amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A feature of the AD362 is an 
internal user-controllable analog switch that connects the 
multiplexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard- 
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
the input mode control. 


GND +15V -15V +15V 
2 114 =115 


1/2 AD7512DIKD 
DATA LATCH 
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Figure 13. High Speed—165kHz—10-Bit DAS 


A high speed 10-bit DAS with a throughput rate of 165kHz 
can be built around an AD579. The DAS of Figure 13 ‘Ping 
Pongs’’ two sample and hold amplifiers to eliminate the 
effects of the acquisition time of the sample and hold ampli- 
fiers. By applying sequential channel address the AO of the 
address enables one of the two multiplexers. The incorpora- 
tion of the flip-flops on the SHA mode controls and the 
switch address allows a new channel address to be latched in 
while a conversion is in progress. 7 


AD579 ORDERING GUIDE 


Conversion 


Model Speed 


AD579JN Polymer-Seal 
AD579KN Polymer-Seal 
AD579BD Hermetic Seal 
AD579TD Hermetic-Seal 
AD579ZJN Polymer-Seal 
ADS79ZKN Polymer-Seal 
AD579ZBD Hermetic-Seal 


AD579ZTD Hermetic-Seal 


1 See Section 20 for package outline information. 
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Temperature 
Range 


Power Supply 
Range 


0 to +70°C +15V +10% HY32H 
0 to +70°C +15V +10% HY 32H 
-25°C to +85°C | +15V +10% HY 32H 
-55°C to 125°C _ | +15V +10% HY32H 
0 to +70°C +12V +5% HY32H 
0 to +70°C +12V +5% HY 32H 
-25°C to +85°C_ | +12V +5% HY32H 


-55°C to +125°C | +12V +5% 


ANALOG ‘Fast, Complete, 8-Bit A/D Converter 
DEVICES with Microprocessor Interface 


ADG73" | 


ADVANCE TECHNICAL DATA ; -_AD673 FUNCTIONAL BLOCK DIAGRAM 
FEATURES viv COMMON CONVERT 
Complete 8-Bit A/D Converter with Reference, Clock and 
Comparator : ANALOG 
Full Microprocessor Bus Interface ANALOG 


COMMON 


Fast Successive Approximation Conversion — 20ys 
No Missing Codes Over Temperature 

Operates on +5V and —12V to — 15V Supplies 
Low Cost Monolithic Construction a 


OFFSET — 
CONTROL 


PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 

The AD673 is a complete 8-bit successive approximation analog 1. The AD673 is a complete 8-bit A/D converter. No external 
to digital converter consisting of a DAC, voltage reference, components are required to perform a conversion. 

clock, comparator, successive approximation register (SAR) and 2. The AD673 interfaces to many popular microprocessors 


3 state output buffer—all fabricated on a single chip. No external 


components are required to perform a full accuracy 8-bit conversion ey = 
in 20ps. 3. The device offers true 8-bit accuracy and exhibits no missing 


codes over its entire operating temperature range. 


without external buffers or peripheral interface adapters. 


The AD673 incorporates the most advanced integrated circuit 
design and processing technology available today. The successive 4. The AD673 accepts either unipolar (Q to + 10V) or bipolar 


approximation function is implemented with I7L (integrated (=2V to + SV) analog inputs by simply grounding or opening 
injection logic). Laser trimming of the high stability SiCr thin a single pin. 

film resistor ladder network at the wafer stage (LWT) insures 5. Performance is guaranteed with +5V and — 15V supplies. 
high accuracy, which is maintained with a temperature compen- The device will also operate with a —12V supply. 

saicehsub- Suntec. 2enen relerence: 6. The AD673SD/883B is screened in accordance with the Class 
Operating on supplies of +5V and — 12V to — 15V, the AD673 B requirements of MIL-STD-883, Method 5004. Single chip 
will accept analog inputs of 0 to + 10V, unipolar, or —5V to construction renders the AD673 inherently more reliable 
+5V, bipolar. A positive pulse on the CONVERT line initiates than hybrid units. That and its functional completeness 

the 20s conversion cycle. DATA READY indicates completion make the AD673 especially attractive for high reliability ap- 
of the conversion. DATA ENABLE controls the 8-bit three plications. 


state output buffer. 


The AD673 is available in two versions; the AD673J 1s specified 
for the 0 to + 70°C temperature range, the AD673S for — 55°C 
to + 125°C. Both guarantee full 8-bit accuracy and no missing 
codes over their respective temperature ranges and are packaged 
in 20-pin hermetically sealed ceramic DIPs. The AD673J is also 
offered in an 20-pin plastic DIP. 


*Protected by Patents 3,940,760; 4,213,806 and 4,136,349 
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SPECIFICATIONS © 


(typical @ + 25°C with V+ = +5V,V— = —15V, all voltages measured with respect to digital common, unless otherwise indicated) 
Model | AD673] . AD673S! . | 
RESOLUTION? 8 Bits * 
RELATIVE ACCURACY @ 25°C?>?*4 + ’LSB max is 
SP tO" ast + LSB max 


FULL SCALE CALIBRATION*? 
(With 152 Resistor In Series With 


Analog Input) +2LSB . 
UNIPOLAR OFFSET (max)* + YLSB * 
BIPOLAR OFFSET (max)* + “LSB is 


DIFFERENTIAL NONLINEARITY 
(Resolution for Which No Missing 


Codes are Guaranteed) 
+ 25°C 8 Bits * 
Taanto Ts 8 Bits 


TEMPERATURE RANGE Oto + 70°C — 55°C to + 125°C 


TEMPERATURE COEFFICIENTS* 
Guaranteed max Change 
25° to: Tit or Tax 
Unipolar Offset + 1LSB (88ppm/°C) + 1LSB (40ppm/°C) 
Bipolar Offset + 1LSB (88ppm/°C) + 1LSB (40ppm/°C) 
Full Scale Calibration® + 2LSB (176ppm/°C) + 2LSB (80ppm/°C) 
(With 15Q Fixed Resistor or 
2000 Trimmer) 


POWER SUPPLY REJECTION* 
Max Change In Full Scale Calibration 


TTL Positive Supply 
+4.5VS5V4+<=+5.5V + 2LSB max " 
Negative Supply 
—15.75VsSV-s-— 14.25V + 2LSB max * 
—-12.6VsV-s-11.4V + 2LSB max ¥ 
ANALOG INPUT RESISTANCE 3kQ min x 
5kQ. typ i 
7kQ max * 
ANALOG INPUT RANGES 
(Analog Input to Analog Common) 
Unipolar ~ Oto+10V * 
Bipolar —5Vto +5V ~ 
OUTPUT CODING 
Unipolar Positive True Binary , 
Bipolar Positive True Offset Binary * 
LOGIC OUTPUT 
Bit Outputs and Data Ready 
Output Sink Current 3.2mAmin * 
(Vour = 0.4V max, Tyin tO Tmax) (2TTL Loads) x 
Output Source Current (Bit Outputs)’ 
(Vout = 2.4V min, T pin to ea) 0.5mA min "® 
Output Leakage (3 State) + 40yA max x 
LOGIC INPUT (CONVERT, DATA ENABLE) 
Input Current OSVin=V +) + 100nA max 
Logic “‘1” 2.0V min 
Logic “‘0” 0.8V max 
CONVERSION TIME 10s min * 
Thin to Tmax 20pus typ 
30s max , 
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Model AD673J AD673S! 
POWER SUPPLY 
Absolute Maximum 
V+ +7V ii 
“V- —16.5V i 
Specified Operating — Rated Performance 
V+ +5V * 
V- —15V * 
Operating Range 
V+ +4.5V to +5.5V x 
V- —11.4Vto —15.75V x 
Operating Current 
V+=+5V 1SmA typ (25mA max) 
V- =—I15V 9mA typ (15mA max x 


*Specifications same as AD673]J. 


'The AD673S is available fully processed and screened to the requirements of MIL-STD-883B, Method 5004, 

Class B. When ordering, specify the AD673SD/883B. 

?The AD673 is a selected version of the ADS73 10-bit A to D converter. As such, some devices may exhibit 9 

or 10 bits of relative accuracy or resolution, but that is neither tested nor guaranteed. Only TTL logic inputs i 


should be connected to pins | and 2 (or no connection made) or damage may result. 
3Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 


straight line from the zero to the full scale of the device. 


+Specifications given in LSBs refer to the weight of a least significant bit at the 8-bit level, which is 0.39% of 


full-scale. 


Full scale calibration is guaranteed trimmable to zero with an external 2000 potentiometer in place of the 


152 fixed resistor. Full scale is defined as 10 volts minus 1LSB, or 9.961 volts. 


°Full Scale Calibration Temperature Coefficient includes effects of unipolar offset drift as well as gain drift. 
’The data output lines have active pull-ups to source 0.5mA. The DATA READY line is open collector with 


a nominal 6k internal pull-up resistor. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 
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igi , Temperature 

ye Dical@ueii ace bo -16sy Model Package! Range 
Analog Common to Digital Common ..... - ayy 228 IN 20-Pin Plastic DIP(N20A) Oto + 70°C 
Analog Input to Analog Common ists, Gosh gap lkcas SEISN {67 2)0) 20-Pin Ceramic DIP(D20A) Oto + 70°C 
Cote Apne et ee ee DtoVs  AD673SD 20-Pin Ceramic DIP(D20A) —55°to + 125°C 

Ba A aba aaees te AD673SD/883B  20-PinCeramic DIP(D20A) —55°Cto + 125°C 
Digital Outputs (3 State) ..........2.22. 0to V+ : oa 
Power Dissipation. ...........-.-+2-+-04% 800m W ee Section 20 for package outline information. 


UNIPOLAR CONNECTION 
- The AD673 contains all the active components required to 
perform a complete A/D conversion. Thus, for many applications, 
all that is necessary is connection of the power supplies (+5V 
and —15V), the analog input and the conversion start pulse. 
However, there are some features and special connections which 
should be considered for achieving optimum performance. The 
functional pin-out is shown in Figure 1. 


119} DATA ENABLE (DE) 
118] DATA READY (DR) 
DIGITAL COMMON 
116 |] BIPOLAR OFFSET 

115] ANALOG COMMON 


114] ANALOG IN 


*SEE NOTE 2, ABOVE 


Figure 1. AD673 Pin Connections 


The standard unipolar 0 to + 10V range is obtained by shorting 
the bipolar offset control pin (pin 16) to digital common (pin 17). 


Full Scale Calibration 

The 5k) thin film input resistor is laser trimmed to produce a 
current which matches the full scale current of the internal 
DAC-plus about 0.3%—when a full scale analog input voltage of 
9.961 volts (10 volts — 1LSB) is applied at the input. The input 
resistor is trimmed in this way so that if a fine trimming poten- 
tiometer is inserted in series with the input signal, the input 
current at the full scale input voltage can be trimmed down to 
match the DAC full scale current as precisely as desired. However, 
for many applications the nominal 9.961 volt full scale can be 
achieved to sufficient accuracy by simply inserting a 150 resistor 
in series with the analog input to pin 14. Typical full scale 
calibration error will then be about +2LSB or +0.8%. Ifa 
more precise calibration is desired, a 200 trimmer should be 
used instead. Set the analog input at 9.961 volts, and set the 
trimmer so that the output code is just at the transition between 
11111110 and 11111111. Each LSB will then have a weight of 
39.06mV. If a nominal full scale of 10.24 volts is desired (which 
makes the LSB have weight of exactly 40.00mV), a 502) resistor 
in series with 2002 trimmer (or a 5002 trimmer with good 
resolution) should be used. Of course, larger full scale ranges 
can be arranged by using a larger input resistor, but linearity 
and full scale temperature coefficient may be compromised if 
the external resistor becomes a sizeable percentage of 5k... 
Figure 2 illustrates the connections required for full scale calib- 
ration. 
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171 DIGITAL COMMON 


(SHORT TO DIG COM FOR 
116} BIPOLAR OFFSET UNIPOLAR, OPEN FOR BIPOLAR) 


(TOLERATES 200mv TO 
115] ANALOG COMMON piciTAL COMMON) 


O ANALOG IN 


Rin 154) FIXED OR 2001) 
VARIABLE (SEE TEXT) 


Figure 2. Standard AD673 Connections 


Unipolar Offset Calibration 

Since the Unipolar Offset is + 1LSB for all versions of the 
AD673, most applications will not require trimming. Figure 3 
illustrates two trimming methods which can be used if greater 
accuracy is necessary. 


Figure 3a shows how the converter zero may be offset by up to 
+ 3 bits to correct the device initial offset and/or input signal 
offsets. As shown the circuit gives approximately symmetrical 
adjustment in unipolar mode. Figure 3b shows how to offset the 
converter zero by 1/2LSB. 


BIPOLAR CONNECTION 
To obtain the bipolar —5V to +5V range with an offset binary 
output code the bipolar offset control pin is left open. 


A —5.00 volt signal will give an 8-bit code of 00000000; an 
input of 0.00 volts results in an output code of 10000000 and 
4.96 volts at the input yields the 11111111 code. 


Full Scale Calibration 

Full Scale Calibration is accomplished in the same manner as in 
unipolar operation except the full scale input voltage is 4.961 
volts. 


Negative Full Scale Calibration © 

The circuit in Figure 3a can also be used in bipolar operation to 
offset the input voltage (nominally —5V) which results in the 
00000000 code. R2 should be omitted to obtain a symmetrical 
range. 


SIGNAL COMMON 


+15V - 15V 


ZERO OFFSET ADJ 
+3 BIT RANGE 


Figure 3a. 
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SIGNAL COMMON 


% BIT ZERO OFFSET 


Figure 3b. 


CONTROL AND TIMING OF THE AD673 
CONVERT and DE are the control pins. Timing for the conversion 
cycle is shown in Figure 4a. A positive pulse 500ns in width 
must be applied to the CONVERT pin to initiate the conversion. 
DR goes high within 1.5ys after the rising edge of the convert 
st; ct pulse to indicate that the SAR is reset and goes low when 


tle conversion is complete. 
tosc “L 


Figure 4a. Convert Timing 


CONVERT 
tes 


DATA READY 


Read timing is shown in Figure 4b. Bringing DE low activates 
the 8-bit 3 state buffer. 


DATA ENABLE 


HIGH HIGH 
IMPEDANCE IMPEDANCE 
DBO-DB7 


Figure 4b. Read Timing 


In systems where peripheral interface adapter chips are used, or 
where dedicated I/O ports exist (as in single-chip-microcomputers), 
the AD673 may be used in a “‘stand-alone mode”’. In this mode, 
DR is hard-wired to DE to disable the output buffer during 
conversion. Upon completion of the conversion cycle, DR enables 
the output driver, and the 8-bit parallel data can be read. 


TIMING SPECIFICATIONS 


tcs 500ns min 
tpsc 1.5s max 
tc 10s min 
20s typ 
30s max 
tpp 250ns max 
typ 50ns min 
tyr. 200ns max 


Timing Measurement Reference Level is 
Vinu + Vint .. Vourt + Vout H 
2 on 2 


ANALOG -12-Bit Successive Approximation 
DEVICES High Accuracy A/D Converter 
AD5200 SERIES 


PRELIMINARY TECHNICAL DATA AD5200 SERIES FUNCTIONAL BLOCK DIAGRAM 


FEATURES 
True 12-Bit Operation: +1/2LSB max Nonlinearity 
Totally Adjustment-Free 
Guaranteed No Missing Codes Over the Specified 
Temperature Range 

Hermetically-Sealed Package 

- Standard Temperature Range: -25°C to +85°C 
Military Temperature Range: -55°C to +125°C 
MIL-STD-883 Processing Available 
Serial and Parallel Outputs 


Monolithic DAC with Scaling Resistors for Stability teal . ' 
Low Chip Count for High Reliability tgs | 
Industry Standard Pin Out Pe " E 
Small 24-Pin DIP ioe : 
*PIN 12 FUNCTION: ee eure Roesba: ABeoee 
| GENERAL DESCRIPTION a 24-PIN DIP 

The AD5200 series devices are 12-bit successive approximation 

analog-to-digital converters. The hybrid design utilizes MSI PRODUCT HIGHLIGHTS 

digital, linear monolithic chips and active laser trimming of 1. The AD5200 series devices are laser trimmed at the factory 

high-stability thin-film resistors to provide a totally adjustment to provide a totally adjustment free converter—no potent 

free converter—no potentiometers are required for calibration. ometers are required for 12-bit performance. i 

The innovative design of the AD5200 series devices incorpo- 2. A monolithic 12-bit feedback DAC is used for reduced chip 

rates a monolithic 12-bit feedback DAC for reduced chip count count and higher reliability. 

and higher reliability. The exceptional temperature coefficients 3. The AD5200 series directly replaces other devices of this 

of the monolithic DAC guarantees +1/2LSB linearity over the type with significant increases in performance. 

entire operating temperature range of -25°C to +85°C for the 4. The devices offer true 12-bit accuracy and exhibits no 

commercial grade and -55°C to +125°C for the military grade. missing codes over the entire operating temperature range. 

The AD5200 series converters are available in 2 input voltage 5. The fast conversion rate of the AD5200 series makes it an 

ranges: t5V (AD5201/AD5204) and +10V (AD5202/AD5205). excellent choice for applications requiring high system 

The converters are available either complete with an internal throughput rates. 


buried zener reference or with the option of an external refer- 
ence for improved absolute accuracy. 


The AD5200 series converters are available i in two performance 
grades; the ‘‘B”’ is specified from -25°C to +85°C and the “T” 
is specified from -55°C to +125°C. The “B” and “T” grades 
are also available processed to MIL-STD-883 level B require- 
ments, All units are available in a 24-pin hermetically sealed 
ceramic DIP. 
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SPECIFICATIONS (typical @ +25°C, +15V si +5V unless otherwise noted) 


INPUT INPUT 
RANGE IMPEDANCE 
-5V to +5V 5.0kQ _  AD5201B AD5201T _ AD5204B ~AD5204T 
-10V to +10V 10.0kQ2 AD5202B AD5202T AD5205B AD5205T 
REFERENCE Internal id External -10.000V aati 
RESOLUTION 12 Bits * * * 
LINEARITY ERROR, MAX ' £1/2LSB * 
No Missing Codes Tyin tO Tmax Guaranteed | 
ZERO ERROR, MAX +1LSB * * * 
ZERO ERROR, MAX 
Tin to Tmax +2LSB * * | * 
ABSOLUTE ACCURACY, MAX +0.05% of FSR! +. * ‘ * 
ABSOLUTE ACCURACY, MAX . 
Tigi tO Tnx +0.4% of FSR! * +0.1% of FSR! ed 
CONVERSION TIME, MAX . 
Clock = 260kHz 5Ops * * . 
LOGIC RATINGS 
Input Logic Commands 
Logic “0” 0.8V max * * ‘ 
Logic ‘1” +2.0V min * * . 
Loading 0.5TTL Load * . : 
CLOCK INPUT PULSE WIDTH 100ns min | * « * 
OUTPUT LOGIC 
Logic ‘‘O” 0.4V max * * * 
Logic pe Ns 3.6V (2.4 min) * ® * 

. FANOUT - HIGH 8TTL Loads * * * 
FANOUT - LOW 2TTL Loads * * | . * 
POWER SUPPLY REQUIREMENTS 

VLOGIC | +5V 40.5V . . P 
Vcc +15V +1.5V ‘ " . 
Vpp -15V +1.5V ‘ * ' 
OPERATING CURRENT ; 
VLOGIC 25mA (42mA max) * * * 
Vcc 10mA (25mA max) ‘ ‘ : 
VEE -25mA (-35mA max) ‘ ‘ . 
VREF 0.5mA one 
POWER SUPPLY REJECTION 
Vcc +0.005 of FS/of P.S. * * 
VEE +0.005 of F.S./of P.S. * * 
POWER CONSUMPTION 725mW (0.8W max at 125 C) « * * 
OPERATING TEMPERATURE 
RANGE -25°C to +85°C -55°C to +125°C : =. 


*Sames specifications as AD5201/02B. 

**Same specifications as AD5201/02T. 

***Same specifications as AD5204/05B. 

1 FSR is Full Scale Range and is equal to the peak to peak input signal. 
Specifications subject to change without notice. 
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. ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Positive Supply 
Negative Supply 
Logic Supply 
Analog Input 

Digital Outputs 
Digital Inputs 
Reference Supply 


-65°C to +150°C 
+18V +5V0 
-18V 

+7V 

+25V 

Logic Supply 
+5.5V 

-15V 


AD5200 SERIES 


*DIVIDER ADDED FOR EXTERNAL 
REFERENCE MODELS ONLY. 


Burn In Circuit 
PROCESSING FOR HIGH RELIABILITY 


STANDARD PROCESSING 
As part of the standard manufacturing procedure, all models 
of the AD5200 receive the following processing: 


PROCESS CONDITIONS 
1, Pre-Cap Visual Inspection In-House Criteria 
2. Stabilization Bake 24 hours @ +150°C 
3. Seal Test, Gross In-House Criteria 
4, Operating Burn-In 48 hours @ +125°C 


AD5200 SERIES ORDERING GUIDE 


Absolute Temperature Package 
Model Linearity Accuracy Range | Option’ 
AD520*BD 1/2LSB -2LSB — =25°C to +85°C HY24C 
AD520*BD/883B = 1/2LSB 2LSB -25°C to +85°C HY24C 
AD520*TD 1/2LSB 2LSB -~55°Cto +125°C HY24C 


AD520*TD/883B 1/2LSB 2LSB -55°C to +125°C HY24C 


“Insert number according to desired input voltage range. 
1 See Section 20 for package outline information. 
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EXTERNAL FULL the ums nn ois, 
CLOCK The timing diagram is shown in Figure 1. A conversion is initi-: 
START io ated by holding the start convert low during a rising edge of . 

CONVERT | the clock. The start convert transition must occur at a mini- 
mum of 25ns prior to the clock transition. The end of conver- 
E.0.C. . ; F . : tac 
sion (E.O.C.) signal will be set simultaneously with the initia- 
BIT 1 osf- tion of conversion. The actual conversion will not start until 


the first rising edge of the clock after the start convert is again 


mii ee 


Parallel data is valid on the falling edge of the E.O.C. and 


BIT 3 | | | it will remain valid until the next conversion is initiated. The 


serial data is in the Non-Return To Zero format and it is valid 


BIT 4 | | on the same transition as the parallel data. 
; An external clock of 260kHz will yield 50us conversion time. 
BU [de ae Increasing the clock frequency will decrease the conversion 
ic ¢ a time; the linearity error, however, will increase. Refer to Fig- 
BIT 6 ure 2 for the acceptable minimum conversion time. 
BIT 7 | | 1LSB 
BIT 8 | 
BIT 9 | | | 
BIT 10 [TT }.}.}©)3)»™©»>)—DuM K&L cer 
BiT11 [| L} 
1/4LSB 


BIT 12 | | | | 


3/4LSB 


B11 
SERIAL | Jer B2|83{84|s5[a6|57/B8 B9|B10 + B12 
MICROSECONDS 
Figure 1. Timing Diagram Figure 2. Linearity Error vs. Conversion Time (Normalized) 
AD5201/AD5204 AD5202/AD5205 MSB LSB 

+5.0000V +10.000V 0000000000 

0.0000V 0.000V 1000000000 
-4.9976V - 9.995V 1111111111 


Table 1. Logic Coding (Complementary Offset Binary) 
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ANALOG __ 12-Bit Successive Approximation 
DEVICES ‘High Accuracy A/D Converter 


—_ ADS210 SERIES 


AD5210 FUNCTIONAL BLOCK DIAGRAM 


FEATURES . 

True 12-Bit Operation: +1/2LSB max Nonlinearity 

Totally Adjustment-Free | 

Guaranteed No Missing Codes Over the Specified 
Temperature Range 

Hermetically-Sealed Package 

Standard Temperature Range: -25°C to +85°C 

Military Temperature Range: -55 C to +125°C 

MIL-STD-883 Processing Available | 

Serial and Parallel Outputs 

Monolithic DAC with Scaling Resistors for Stability 

Low Chip Count for High Reliability 

Industry Standard Pin Out 

Small 24-Pin DIP 


GENERAL DESCRIPTION . PRODUCT HIGHLIGHTS 

The AD5210 series devices are 12-bit successive approximation 1. The AD5210 series devices are laser trimmed at the factory 
analog-to-digital converters, The hybrid design utilizes MSI | to provide a totally adjustment free converter—no potenti- 
digital, linear monolithic chips and active laser trimming of ometers are required for 12-bit performance. 

high-stability thin-film resistors to provide a totally adjustment 2. A monolithic 12-bit feedback DAC is used for reduced chip 
free converter—no potentiometers are required for calibration. count and higher reliability. 

The innovative design of the AD5210 series devices incorpo- 3. The AD5210 series directly replaces other devices of this 
rates a monolithic 12-bit feedback DAC for reduced chipcount. type with significant increases in performance. 

and higher reliability. The exceptional temperature coefficients 4, The devices offer true 12-bit accuracy and exhibits no 

of the monolithic DAC guarantees *1/2LSB linearity over the missing codes over the entire operating temperature range. 
enlireopera ling rompers rure range Of 23: Gtr 8 2. CfOnte 5. The fast conversion rate of the AD5210 series makes it an 


. ° ° “a° 
commercial grade and -55 C to +125 C for the military grade. excellent choice for applications requiring high system 


The AD5210 series converters are available in 2 input voltage throughput rates. 
ranges: +5 V (AD5211/AD5214) and +10V (AD5212/AD5215). 

The converters are available either complete with an internal 

buried zener reference or with the option of an external refer- 

ence for improved absolute accuracy. 


The AD5210 series converters are available in two performance 
grades; the “‘B”’ is specified from -25°C to +85°C and the “T” 
is specified from -55°C to +125°C. The “B” and ‘“‘T”’ grades 
are also available processed to MIL-STD-883 level B require- 
ments. All units are available in a 24-pin hermetically sealed 
ceramic DIP. 
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SPECIFICATIONS (typical @ +25°C, +15V sid +5V “alee otherwise noted) 


INPUT INPUT 

RANGE! IMPEDANCE 

-5V to +5V 5.0kQ ~ -AD5211B AD5211T AD5214B AD5214T 
-10V to +10V 10.0kQ AD5212B AD5212T AD5215B AD5215T 
REFERENCE Internal y External -10.000V pee 
RESOLUTION 12 Bits * * * 
LINEARITY ERROR MAX +1/2LSB * * * 

No Missing Codes Trin to Tmax Guaranteed * * * 
ZERO ERROR, MAX +1LSB * * A 
ZERO ERROR, MAX 

Tenn to Tmax +2LSB * * * * 
ABSOLUTE ACCURACY, MAX +2LSB * * 
ABSOLUTE ACCURACY, MAX 

T ni FO 1 pans +0.4% of FSR? ‘ +0.1% of FSR? +8 
CONVERSION TIME, MAX 

Clock = 1MHz 13ps * * 


LOGIC RATINGS 
Input Logic Commands 


Logic “0” ; 0.8V max * * * 
Logic “1”’ +2.0V min * * * 
Loading 0.5TTL Load ; * 
CLOCK INPUT PULSE WIDTH 100ns min ; | ‘ : 
OUTPUT LOGIC 
Logic ‘‘0”’ 0.4V max ® * * 
Logic “1” 3.6V (2.4 min) * * * 
FANOUT - HIGH 8TTL Loads * * * 
FANOUT - LOW 2TTL Loads * * * 
POWER SUPPLY REQUIREMENTS 
VLOGIC +5V +10% * Ps : 
Vcc +15V +10% : * ; . 
Vpp -15V +10% * ; 2 
OPERATING CURRENT 
VLOGIC 25mA (42mA max) * ; 2 
Vcc 10mA (16mA max) ‘ : , 
Vpp 20mA (28mA max) * * * 
VREF | 0.5mA “ne 
POWER SUPPLY REJECTION 
Vcc +0.005%/% * * * 
Vpp +0.005%/% * — * 
we oe a es 
POWER CONSUMPTION 575mW * * x 
OPERATING TEMPERATURE 
RANGE -25°C to +85°C -55°C to +125°C : ** 


*Same specifications as AD5211/12B. 

**Same specifications as AD5211/12T. 

***Same specifications as AD5214/15B. 

1 Other input ranges are available, consult factory. 

2 FSR is Full Scale Range and is equal to the peak to peak input signal. 
Specifications subject to change without notice. 
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- ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -65°C to +150°C 

Positive Supply —  +18V 

Negative Supply -18V 

Logic Supply +7V 

Analog Input +25V 

Digital Outputs Logic Supply 

Digital Inputs +5.5V 

Reference Supply -15V ° 


AD5210 SERIES 


cca 
aalizey 


12-BITDAC 


*PIN 12 FUNCTION: -Verer out — AD5211, AD5212 


*DIVIDER ADDED FOR EXTERNAL REFERENCE MODELS ONLY. -Vrer in — AD5214, AD5215 
Figure 1. Burn In Circuit Figure 2. Pin Designations 
AD5211/AD5214 AD5212/AD5215 MSB LSB 
+5.0000V +10.000V 0000000000 
0.0000V 0.000V 1000000000 
-4.9976V - 9.995V 1111111111 


Table |. Logic Coding (Complementary Offset Binary) 


AD5210 SERIES ORDERING GUIDE 


| Absolute Temperature —_—~Package 
Model Linearity Accuracy Range Option’ 
AD521*BD 1/2LSB 2LSB -25°C to +85°C HY24C 
AD521*BD/883B_  1/2LSB 2LSB -25°C to +85°C HY24C 
‘AD521*TD 1/2LSB 2LSB -55°Cto +125°C HY24C 
AD521*TD/883B 1/2LSB 2LSB -55°Cto +125'C HY24C 


1See Section 20 for package outline information. 
*Insert number according to desired input voltage range. 
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THEORY OF OPERATION 

On receipt of aCONVERT START command, the AD5210 
converts the voltage as its analog input into an equivalent 
12-bit binary number. This conversion is accomplished as 
follows: the 12-bit successive-approximation register (SAR) has 
its 12-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 
The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com- 
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 


TIMING 


The timing diagram is shown in Figure 3. A conversion is initi- 


a 


a7 


ated by holding the start convert low during a rising edge of 
the clock. The start convert transition must occur at a mini- 
mum of 25ns prior to the clock transition. The end of conver- 
sion (E.O.C.) signal will be set simultaneously with the initia- 


START 
CONVERT 


EXTERNAL 
CLOCK 


STATUS 


MSB 
BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 
BIT 7 
BIT 8 
BIT 9 

BIT 10 
BIT 11 


LSB 


SERIAL 


DATA OUT 


“0” ic | vo 


tion of conversion. The actual conversion will not start until 
the first rising edge of the clock after the start convert is again 
set high. At time to, By is reset and B7-B,2 are set uncon- 
ditionally. At ty the Bit 1 decision is made and Bit 2 

is unconditionally reset. At tz, the Bit 2 decision is made 
(keep) and Bit 3 is reset unconditionally, This sequence con- 
tinues until the Bit 12 (LSB) decision (keep) is made at ty. 
The STATUS flag is reset at time ty2 indicating that the 
conversion is complete and that the parallel output data is 
valid. 


Corresponding serial and parallel data bits become valid on 

the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into a 
receiving shift register on these edges (see Figure 3) An ex- 
ternal clock of 1MHz will yield 13s conversion time. In- 
creasing the clock frequency will decrease the conversion 

time; the linearity error, however, will increase. 


pees LSB 
a /////, tae 


seq’ “0” 0" eye" 


eqe? “qe “9” “qe shy Tied “0” 


Figure 3. Timing Diagram 


The analog continuum is partitioned into 2'? discrete ranges 
for 12-bit conversion. All analog values within a given quan- 
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza- 
tion uncertainty of +1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 


The actual conversion errors that are associated with A/D 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the converter have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors have been 
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internally trimmed to provide an absolute accuracy of 0.05%. 
Linearity error is defined as the deviation from a true straight 
line transfer characteristic from a zero analog input which 
calls for a zero digital output to a point which is defined as 
full scale. The linearity error is unadjustable and is the most 
meaningful indication of A/D converter accuracy. Differential 
nonlinearity is a measure of the deviation in the staircase step 
width between codes from the ideal least significant bit step 
size (Figure 4), 


Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes; the AD5210 is specified as having no 
missing codes over the entire temperature range as specified 
on the data page. 


aaa aaa 4 


There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac- 
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 

as the root-sum-squared (RSS) and can be shown as: 


RSS =VeG? + €9* +e," 


€c = Gain Drift Error (ppm/°C) 
€o = Offset Drift Error (ppm of FSR/°C) 
€y, = Linearity Error (ppm of FSR/°C) 


ALL BITS ON 
GAIN 


DIGITAL OUTPUT — COB Code 


LL BITS OFF 


t 0 ! 
“FSR ANALOG INPUT FSR aise 


2 
Figure 4. Transfer Characteristics for an Ideal Bipolar A/D 


GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Digital Ground and 
Analog Ground (Analog Power Return). These grounds must 
be tied together at one point, usually at the system power- 
supply ground. Ideally, a single solid ground would be de- 
sirable. However, since current flows through the ground 
wires and etch stripes of the circuit cards, and since these 
paths have resistance and inductance, hundreds of millivolts 
can be generated between the system ground point and the 
ground pin of the AD5210, Separate ground returns should 
be provided to minimize the current flow in the path from 
sensitive points to the system ground point. In this way sup- 
ply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 


cause measurement errors, 
DIGITAL 
P.S. 
Cc +5V 


ANALOG 
PS. 


+15V C -15V 


Poe 

15 11 13 23 2 
AD346 

SAMPLE- ADS5210 


OUTPUT 
REFERENCE 


*IF INDEPENDENT, OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 


Figure §. Basic Grounding Practice 


Each of the AD5210’s supply terminals should be capacitively 
decoupled as close to the AD5210 as possible. A large value 
capacitor such as 1uF in parallel with 0.01yF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
Ground pin and the logic supply is bypassed to the Digital 


Ground pin. 
O1uF 1.0 uF 


ANALOG 

0.01uF 1.0yF @ t4- GROUND 
DIGITAL 

ae ee eat csi ia 1.0 uF 


-15V 


Figure 6. Power Supply Decoupling 


SAMPLED DATA SYSTEMS 

The conversion speed of the AD5210 allows accurate digit- - 
ization of high frequency signals and high throughput rates 

in multichannel data acquisition systems. To make the AD5210 
capable of full benefit from this high speed, a fast sample- 
hold amplifier such as the AD346 or ADSHC-85 is required. 
Figures 7 and 8 show the use of an AD346 and ADSHC-85 

as sample and holds in combination with the AD5210. 


ANALOG 
INPUT 
-10V TO +10V 
e 


1-12 
AD5210 


CONVERT 
START 


CLOCK IN . 


Figure 7. 66.6Hz—12-Bit, A/D Conversion System 


+15V 
-15V 
+5V 


ANALOG 
INPUT 
-10V TO +10V 


1-16 
AD5210 


CONVERT 
START 
o—— 


CLOCK IN 

Figure 8. 57.1kHz—12-Bit, A/D Conversion System 
In sampled data systems there are two limiting factors in 
digitizing high frequency signals. The maximum value of 
input signal frequency that can be acquired and digitized 
using a sample and hold amplifier and A/D converter com- 
bination is influenced by the bandwidth of the SHA, but it 
is also dictated by: 
A. The aperture uncertainty (jitter) of the sample and 

hold amplifier. | 
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B. The desired accuracy and corresponding resolution of 
the converter. 


The resolution of an AD5210 is 1 part in 4096 to a tolerance 
of 0.012% of the full scale range, the maximum value of input 
signal frequency which can be digitized is determined by: 


9-N 
F Oe SS alk es SL he 
Max/ (27)(Aperture Uncertainty) 
1 
F D = —————___——_—_—__ = 97.1kH 
MAx/AD340 = (4096) (4 X 10-10) ~” e 
Fmax/ADSHC-85 = ; = 77.7kH2 


(2m) (4096) (5 X 10719) 


The maximum throughput rate for each of these combinations 
is again different. The maximum throughput rate is the sum 
of the sample and hold acquisition time and A/D conversion 
time as shown in Figure 9. 


EXTERNAL 


cLock JU 


START 
CONVERT 
ja Tconv. ——=| 
E.O.C. _J CONVERSION OF | f CONVERSION OF | 


SAMPLE 1 ACQUISTION SAMPLE 2 
OF 
SAMPLE 2 
E.0.C. CONNECTED TO SAMPLE AND HOLD MODE CONTROL 
Figure 9. START/E.0.C. Timing for Sampled Data 
System 


When using an AD346 with an AD5210 the throughput 

rate is, 2.0us acquisition time plus 134s conversion time, 
66.6kHz. The ADSHC-85 used in combination with an 
AD5210 is, 4.5us acquisition time plus 13s conversion time, 
57.1kHz. To meet the requirements of the nyquist sampling 
criteria, the AD346 and AD5210 combination can be used 
for input frequencies from dc through 33.3kHz; the ADSHC- 
85 and AD5210 combination for inputs from de through 
28.5kHz. Input frequencies higher than these (up to the maxi- 
mum frequency) would result in “‘under-sampling”’ of the 
input signal, Signals up to the maximum frequency could be 
processed if their bandwidth is less than one-half the sample 
frequency. | | 


A fast (32kHz) 12-bit DAS can be configured using the AD362 
and the AD5210. The AD362 contains two 8-channel multi- 
plexers, a differential amplifier, a sample-and-hold with high- 
speed output amplifier, a channel address latch and control 
logic. The multiplexers may be connected to the differential 
amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A feature of the AD362 is an 
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internal user-controllable analog switch that connects the 
multiplexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard- 
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
the input mode control. 


DC POWER 


HOLD 
vA CAPACITOR 
ANALOG 


INPUTS 


NA NALOG 
(16) ANALOG ANAL 
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SAMPLE/HOLD 


STATUS OUTPUT 


SELECT DATA STROBE 
pores LATCH CONVERT “(TO OUTPUT 
REGISTER) 


Figure 10, High Speed 12-Bit DAS 


CONVERT START USING A POSITIVE EDGE 

In some systems it may be inconvenient to generate a negative 
going start convert pulse of the proper width. The circuit of 
Figure 11 can be used to start a conversion on the AD5210 
series of A/Ds with a positive going edge. To perform a con- 
version both the convert start signal and the E.O.C. must be 
low. The output of the inverter and nand gate will then be in 
the high state. The converter will reset on the next rising 
clock edge. Resetting brings the E.O.C. to a high state; the 
inverter goes low; the convert start is still high so the output 
of the nand gate goes high allowing the conversion to continue 
immediately. The convert start line has only to be brought 
back down before the conversion is complete. 


START 
_ 
Eicon 2 


ccock SLELSLE LIL LPL LLL. 
START casino 
SIGNAL 
STATUS ee Sci © Te 
INVERTER * 
imigcare 
START Se 
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Figure 11. Convert Start Using a Positive Edge 


ANALOG 
iDEVICES 


FEATURES 

Performance 

Complete 12-Bit A/D Converter with Reference and Clock 

Fast Successive Approximation Conversion: 5s 

Buried Zener Reference for Long Term Stability and Low 
Gain T.C.: 10ppm/°C 

Max Nonlinearity: <+0.012% 

Low Power: 775mW Typical 

Hermetic Package Available 

Low Chip Count — High Reliability 

Pin Compatible with AD ADC84/AD ADC85 

“2” Models for +12V Operation Available 

MIL-STD-883B Processing Available 

Military Temperature Range -55°C to +125°C 


Versatility 

Negative-True Parallel or Serial Logic Outputs 

Short Cycle Capability 

Precision +6.3V Reference for External Applications 


PRODUCT DESCRIPTION 

The AD5240 is a high speed low cost 12-bit successive approx- 
imation analog-to-digital converter that includes an internal 
clock, reference and comparator. Its hybrid IC design utilizes 
MSI digital and linear monolithic chips in conjunction with a 
12-bit monolithic DAC to provide modular performance and 
versatility with IC size, price and reliability. 


Important performance characteristics of the AD5240 include 
a maximum linearity error at +25°C of 0.012%, gain T.C. 
below 15ppm/“C, typical power dissipation of 775mW, and 
conversion time of less than 5us for 12-bit conversions. Of 
considerable significance in military and aerospace applica- 
tions is the guaranteed performance from -55 C to +125 C of 
the AD5240S which is also available processed to MIL-STD- 
883B. Monotonic operation of the feedback D/A converter 
guarantees no missing output codes over temperature ranges 
of 0 to +70°C, and -55°C to +125°C. 


The design of the AD5240 includes scaling resistors that pro- . 


vide analog input signal ranges of +2.5V, +5V, +10V, 0 to +5V, 
or 0 to +10V. Adding flexibility and value are the +6.3V pre- 
cision reference, which also can be used for external applica- 
tions, and the input buffer amplifier. All digital signals are 
fully DTL and TTL compatible, and the data output is nega- 
tive-true and available in either serial or parallel form. 


The AD5240K is specified for operation over the 0 to +70 °C 
temperature range and the AD5240S is specified for the 
-55°C to +125°C range. 


BIT 12 
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AD5240 FUNCTIONAL BLOCK DIAGRAM 
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SHORT 
cyee U4, 119 | CLOCK OUT 
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+5V SUPPLY | 16 | B CONTROL 


CIRCUITS 


CONTROL 


32-PIN DIP 


PRODUCT HIGHLIGHTS 

1, The AD5240 is a complete 12-bit A/D converter. No ex- 
ternal components are required to perform a conversion. 

2. The AD5240 directly replaces other devices of this type 
with significant increases in performance. 


3. The fast conversion rate of the AD5240 makes it an excel- 
lent choice for applications requiring high system through- 
put rates. 


4. The internal buried zener reference is laser trimmed to 
6.3V +0.1% and 10ppm/*C typical T.C. The reference is 
available externally and can provide up to ImA, 


5. The integrated package construction provides high quality 
and reliability with small size and weight. 


6. The monolithic 12-bit feedback DAC is used for reduced 
chip count and high reliability. 


7. The AD5240SD/883B comes processed to MIL-STD-883, 
class B requirements, , 
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Very Fast, Complete 
12-Bit A/D Converter 


ADS240 


| 32] SERIAL OUT 


BUFFER | 31] -15V SUPPLY 


CLOCK RATE 


SPECIFICATIONS (typical @ +25°C, +15V and +5V unless otherwise noted) . 


MODEL ‘ AD5240KD 
RESOLUTION ae 12 Bits 


ANALOG INPUTS 
Voltage Ranges 


Bipolar +2.5V, t5V, £10V 

Unipolar ; OV to +5V, OV to +10V 
Impedance (Direct Input) 

OV to +5V, t2.5V 2.5k92(420%) 

OV to +10V, +5V 5kQ(£20%) 

110V 10k92(+20%) 
Buffer Amplifier’ . 

Impedance (min) 100MQ. 

Bias Current 50nA 

Offset Voltage 6mV 

Settling Time 


To 0.01% for 20V Ste 2us 


DIGITAL INPUTS? 
Convert Command 


Edge Initiates Conversion bs 

Logic Loading 1TTL Load - 
TRANSFER CHARACTERISTICS 

Gain Error? £0.2% . 

Offset Error’ Adjustable to Zero . 

Unipolar +0.1% of FSR* 

Bipolar? +0.2% of FSR* * 
Linearity Error (max)® oe 8 
Inherent Quantization Error +0.012% FSR . 
Differential Linearity Error +1/2LSB bs 
No Missing Codes Temperature Range 0 to +70°C -55°C to +125°C 
Power Supply Sensitivity 

+15V +0.004% of FSR/% V i 

+5V +0.001% of FSR/% V x 

DRIFT 
Specification Temperature Range 0 to +70°C -55°C to +125°C 
Gain (max) +30ppm/°C +25ppm/°C 
Offset 

Unipolar +3ppm/°C be 

Bipolar (max)5 +15ppm/°C +7ppm/°C 
Linearity (max) t2ppm/°C bd 
Monotonicity GUARANTEED » 

CONVERSION SPEED (MAX) Sus . 
DIGITAL OUTPUT 
(all codes complementary ) 
Parallel 
Output Codes’ 
Unipolar CSB 7 
Bipolar COB, CTC ; 
Output Drive 2TTL Loads ° 
Serial Data Codes (NRZ) CSB, COB . 
Output Drive 2TTL Loads ; 
Status Logic ‘*1’’ during Conversion * 
Status Output Drive 2TTL Loads 7 
Internal Clock 
Clock Output Drive 2TTL Loads 7 
Frequency® 2.6MHz - 
INTERNAL REFERENCE VOLTAGE 6.3V/£15mV max i 
Max. External Current (with no 
degradation of specifications) 1.0mA : 
Tempco of Reference +10ppm/°C * 
POWER REQUIREMENTS 
Rated Voltages +5V, t15V . 
Range for Rated Accuracy 4.75V to 5.25V and £13.5V to 16.5V . 
Z Models? 4.75V to 5.25V and #11.4Vtot16.5V* 
Supply Drain +15V 15mA max ‘ 
-15V 35mA max 
+5V 100mA max 7 
Total Power Dissipation 1100mW max . 
TF WPERATURE RANGE 
Specification 0 to +70°C -55°C to +125°C 
Operating (Derated Specs) -25°C to +85°C 
Storage ~65°C to +150°C . 
PACKAGE OPTION’? Hermetic Ceramic Hermetic Ceramic 


(HY32F) 


NOTES 
’ Buffer Settling time adds to conversion speed when buffer is connected to input. 
2DTL/TTL compatible Logic “0” = 0.8V max, Logic ‘1” = 2.0V min for 
digital input, Logic ‘‘0” = 0.4V max, Logic “1” = 2.4V min, digital output. 
* Adjustable to zero. 
“FSR means Full Scale Range. 
SGuaranteed at Vin = 0 volts. 
* Error shown is the same as ¢1/2LSB max error in % of FSR. 
"See Table I. 
*Pin 17 tied to +5V. 
® For £12V operaton add ‘“Z”’ to model number. Input range 
limited to a maximum of + 5V when input buffer is used. 
1 See Section 20 for package outline information. 


* Specifications same as AD5240KD. 
Specifications subject to change without notice. 
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Positive Pulse 50ns min Trailing 
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Figure 1. AD5240 Functional Diagram 
and Pin Out 


ORDERING GUIDE 
Power 
Model Requirements Temperature Range 
AD5240KD +15V “0 to +70°C 
AD5240ZKD +12V 0 to +70°C 
AD5240SD +15V -55°C to +125°C 
AD5240ZSD +12V -55°C to +125°C 


-55°C to +125°C 
-55°C to +125°C 


AD5240SD/883B +15V 
AD5240ZSD/883B +12V 


Typical Performance Curves 


LINEARITY ERROR — LSB 


CONVERSION TIME — us 


Figure 2, Linearity Error vs. Conversion Speed 


ees 

ea PN, 
RR 
NANI SPAN ANN 
NARUNNS Soa SUUNN NUNRANN 
Wea PCNA 


AD5240S 


GAIN DRIFT ERROR % FSR 
iy 


TEMPERATURE — °C 


Figure 4, Gain Drift Error (% FSR) vs. Temperature 


The analog continuum is partitioned into 2'* discrete ranges 
for 12-bit. conversion. All analog values within a given quan- 
tum are represented by the same digital code, usually assigned 


to the nominal midrange value. There is an inherent quantiza- | 


tion uncertainty of +1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 


The actual conversion errors that are associated with A/D 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the converter have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors are specified 
at t0.2% FSR for gain and +0.1% FSR for offset. These 
errors may be trimmed to zero by the use of the external trim 
circuits as shown in Figures 11 and 13. Linearity error is defined 
as the deviation from atrue straight line transfer characteristic 
from a zero analog input which calls for a zero digital output 
to a point which is defined as full scale. The linearity error is 
unadjustable and is the most meaningful indication of A/D 
converter accuracy. Differential nonlinearity is a measure of 
the deviation in the staircase step width between codes from 
the ideal least significant bit step size (Figure 6). 


Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes; the AD5240 is specified as having no 
missing codes over the entire temperature range as specified 
on the data page. 


12-BIT OPERATION 


OIFFERENTIAL LINEARITY ERROR — LSB 


CONVERSION TIME — us 
Figure 3. Differential Linearity Error vs. Conversion Speed 


CONVERSION TIME — us 
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Figure 5. Conversion Speed vs. Control Voltage 


There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac- 
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 

as the root-sum-squared (RSS) and can be shown as: 


RSS = Veg? + €9? + €,” 


€G = Gain Drift Error (ppm/°C) 
€o = Offset Drift Error (ppm of FSR/°C) 
€, = Linearity Error (ppm of FSR/°C) 
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Figure 6. Transfer Characteristics for an Ideal Bipolar A/D 
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THEORY OF OPERATION - - By2 are set unconditionally. At ty the Bit 1 decision is made 


On receipt of a CONVERT START command, the AD5240 (keep) and Bit 2 is unconditionally reset. Atitz, the Bit 2 
converts the voltage as its analog input into an equivalent 12- decision is made (keep) and Bit 3 is reset dheonditonaily: 

bit binary number. This conversion is accomplished as follows: This sequence continues until the Bit 12 (LSB) decision (keep) 
the 12-bit successive-approximation register (SAR) has its 12- is made at ty2. After a 40ns delay period, the STATUS flag is 
bit outputs connected both to the device bit output pins and reset, indicating that the conversion is complete and that the 
to the corresponding bit inputs of the feedback DAC. The parallel output data is valid. Resetting the STATUS flag re- 
analog input is successively compared to the feedback DAC stores the gated clock inhibit signal, forcing the clock output 
output, one bit at a time (MSB first, LSB last). The decision to the Logic ‘‘O”’ state. 


to keep or reject each bit is then made at the completion of 
each bit comparison period, depending on the state of the 
comparator at that time. 


Corresponding serial and parallel data bits become valid on 

the same positive-going clock edge. Serial data does not change. 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simple by clocking it into a 


TIMING 
The timing diagram is shown in Figure 8. Receipt of a CON- receiving shift register on these edges (see Figure 7). 
VERT START signal sets the STATUS flag, indicating conver- Incorporation of this 40ns delay guarantees that the parallel 


sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All the 
SAR parallel bits, STATUS flip-flops, and the gated clock 
inhibit signal are initialized on the trailing edge of the 


(and serial) data are valid at the Logic “1”’ to “O” transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 


CONVERT START signal. At time tg, By is reset and Bz - 


CONVERT! 
START 
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STATUS 
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NOTES: 

1. THE CONVERT START PULSE WIDTH IS 50ns MIN AND MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE “TRAILING EDGE” OF THE 
CONVERT COMMAND. 

2. 5us FOR 12 BITS AND 4.2us FOR 10 BITS (MAX — PIN 17 TIED TO +5V) 

3. MSB DECISION 

4. LSB DECISION 40ns PRIOR TO THE STATUS GOING LOW 


*BIT DECISIONS 


Figure 7. Timing Diagram (Binary Code 011001110110) 
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Applying the AD5240 


DIGITAL OUTPUT DATA 

Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen- 
tary binary for unipolar ranges and either complementary off- 
set binary or complementary two’s complement binary, de- 
pending on whether BIT 1 (pin 12) or its logical inverse BIT 1 
(pin 13) is used as the MSB. Parallel data becomes valid approx- 
imately 40ns before the STATUS flag returns to Logic ‘‘0”, 
permitting parallel data transfer to be clocked on the “1” to 
“O” transition of the STATUS flag. 


Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 

_ Negative-going clock edges as shown in Figure 7. There are 13 
negative-going clock edges in the complete 12-bit conversion 
cycle, as shown in Figure 7. The first edge shifts an invalid bit 
into the register, which is shifted out on the 13th negative- 
going clock edge. All serial data bits will have been correctly 
transferred and be in the receiving shift register locations 
shown at the completion of the conversion period. 


Short Cycle Input: A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 8 to be terminated after any 
number of desired bits has been converted, permitting some- 
what shorter conversion times in applications not requiring full 
12-bit resolution. When 12-bit resolution is required, pin 14 is 
connected to +5V (pin 16), When 10-bit resolution is desired, 
pin 14 is connected to Bit 11 output pin 2. The conversion 
cycle then terminates and the STATUS flag resets after the 
Bit 10 decision (ty +40ns in timing diagram of Figure 7). 
Short Cycle pin connections and associated maximum 12-, 10- 
and 8-bit conversion times are summarized in. the table below. 


Connect Short Connect Clock 


Maximum 
Cycle Pin 14 To Rate Control Resoludeon Conversion Status Flag 
Pin: Pin 17 To Bits (% FSR) Time (ys) Reset 
16 16 12 0.024 5.0 ti. +40ns 
2 16 10 0.100 4.1 tio * 40ns 
4 16 8 0.390 3.3 ty +40ns 


CLOCK RATE CONTROL ALTERNATE CONNECTIONS 
If adjustment of the CLOCK RATE is desired for faster con- 
version speeds, the CLOCK RATE CONTROL may be con- 


Analog Input 


nected to an external multi-turn trim potentiometer with a 
TCR of +100ppm/°C or less as shown in Figures 8 and 9, 

If the potentiometer is connected to -15V, conversion time 
can be increased as shown in Figure 8. If these adjustments are 
used, delete the connections shown in the previous table for 
pin 17. See Figure 2 for linearity error vs. conversion speed 
and Figure 5 for the effect of the control voltage on clock 
speed, 
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Figure 8, 12-Bit Clock Rate Control Optional Fine Adjust 
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Figure 9, 8-Bit Clock Rate Control Optional Fine Adjust 


INPUT SCALING 

The AD5240 inputs should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 

signal resolution of the A/D converter. Connect the input sig- 

nal as shown in Table II. See Figure 10 for circuit details. 
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Figure 10. AD5240 Input Scaling Circuit 


For Direct For Buffered 


BIPOLAR 
OFFSET 


ANALOG 
COMMON 


Input Input Pin 30 
Input Connect Connect Connect Connect 
Signal Output Pin 23 Pin 25 Input Pin 29 
Range Code To Pin To Signal To To Pin 
+10V COB or CTC 22 Input Signal 25 25 
+5V COB or CTC 22 Open 24. 24 
+2.5V COB or CTC 22 Pin 22 24 24 
OV to +5V CSB 26 Pin 22 24 24 
OV to +10V. CSB 26 Open 24 24 


‘ 


Table Il. Input Scaling Connections 


Voltage Range +10V +5V +2.5V OV to +10V OV to +5V 
Code COB* COB* COB* 
Designation or CTC** or CTC** or CTC** CSB*** CSB*** 
One Least FSR 20V 10V_ 5V 10V 5V 
Significant 2n 2 Zn Zn 2" 20 
Bit (LSB) n=8 78.13mV 39.06mV 19.53mV 39.06mV 19.53mV 
n=10 19.53mV 9.77mV 4.88mV 9.77mV ' 4.88mV 
n=12 4.88mV 2.44mV 1.22mV 2.44mV 1.22mV 
Transition Values 
MSB LSB ; 
000...000**** +Full Scale +10V -3/2LSB +5V -3/2LSB +2.5V -3/2LSB +10V -3/2LSB +5V -3/2LSB 
O11...111 Mid Scale (0) 0 0 +5V +2.5V 
111...110 -Full Scale © -10V +1/2LSB -5V +1/2LSB -2.5V +1/2LSB 0+ 1/2LSB 0 +1/2LSB 
NOTES: 


*COB = Complementary Offset Binary 
**CTC = Complementary Two's complement—obtained by using the complement 
of the most significant bit (MSB). MSB is available to pin 13. 


***CSB = Complementary Straight Binary. 
****Voltages given are the nominal value for transition to the code specified. 


Table |. Input Voltage Range and LSB Values 
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OFFSET ADJ USTMENT 

The zero adjust circuit consists of a potentiometer connected 
across Vg with its slider connected through a 1.8MQ resistor 
to Comparator Input pin 22 for all ranges. As shown in Figure 
11 the tolerance of this fixed resistor is not critical, and a car- 
bon composition type is generally adequate. Using a carbon 
composition resistor having a-1200ppm/°C tempco contributes 
a worst-case offset tempco of 8X 244X 10° X 1200ppm/°C = 
2.3ppm/°C of FSR, if the OFFSET ADJ potentiometer is set 
at either end of its adjustment range. Since the maximum off- 
set adjustment required is typically no more than +4LSB, use 
of a carbon composition offset summing resistor typically con- 
tributes no more than Ippm/°C of FSR offset tempco. 


+15V 


} 18 
"to. NW @2) AD5240 
100k {2 


-15V 
Figure 11, Offset Adjustment Circuit 


An alternate offset adjust circuit, which contributes negli- 
gible offset tempco if metal film resistors (tempco <100 


ppm/*C) are used, is shown in Figure 12. 
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180K92 M.F. 
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Figure 12. Low Tempco Zero Adjustment Circuit 


-15V 


In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
connection runs short (Comparator Input pin 22 is quite 
sensitive to external noise pick-up). 


GAIN ADJ USTMENT 

The gain adjust circuit consists of a potentiometer connected 
across tVg with its slider connected through a 10MQ) resistor 
to the gain adjust pin 27 as shown in Figure 13. 


+15V 


10M22 
ae G7)  AD5240 
100k {2 | 0.01uF 


-18V 


Figure 13. Gain Adjustment Circuit 


An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (Tempco <100ppm/°C) 


are used is shown in Figure 14. 
@ soso 


Figure 14. Low Tempco Gain Adjustment Circuit 


CALIBRATION 

External ZERO ADJ and GAIN ADJ potentiometers, con- 
nected as shown in Figures 11 and 13 are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
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LTT Tite ee 
12-BIT SUCCESSIVE- 
_ APPROXIMATION REGISTER 


NOTE: ANALOG (Y) AND DIGITAL (+) GNDS = -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 


Figure 15. Analog and Power Connections for Unipolar 
0 to +10V Input Range with Buffer Follower 


a Sees 
12-BIT SUCCESSIVE. 


APPROXIMATION REGISTER 


en 
t (-10V 
TO +10V) 


NOTE: ANALOG (YY) AND DIGITAL (+) GNDS —_-15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 


Figure 16. Analog and Power Connections for Bipolar -10V 
to+7 OV Input Range with Buffer Follower 


range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 


0 to +10V Range: Set analog input to +1LSB = +0.0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 000000000001 digital output code; full- 
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V;; digital output code should be 
011111111111. 


-10V to +10V Range: Set analog input to -9.9951V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V;; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to 0.0000V; 
digital output (complementary offset binary) code should be 
0111111111111. 


Other Ranges: Representative digital coding for 0 to +10V and 
-10V to +10V ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and -5V to 
+5V ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -10V to +10V ranges, 
respectively. 


Zero and full-scale calibration can be accomplished to a pre- 
cision of approximately +1/4LSB using the static adjustment 
procedure described above. By summing a small sine or tri- 
angular-wave voltage with the signal applied to the analog in- 
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in ‘A/D Conversion Notes’’, D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 4. 


GROUNDING | 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“srounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD5240. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 


Each of the AD5240’s supply terminals should be capacitively 
decoupled as close to the AD5240 as possible. A large value 
capacitor such as 1uF in parallel with a 0.1yF capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
supplies are bypassed to the Analog Power Return pin and the 
logic supply is bypassed to the Logic Power Return pin. 


ANALOG DIGITAL 
PS. PLS. 
+15V C -15V ; Cc +5V 


a de 
28 26 31 18 16 
@ INST. AD346 
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AMP AND 
GROUND 
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REFERENCE 


DIGITAL 
DATA 
OUTPUT 


AD5240 S. 


*IF INDEPENDENT, OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P.S. COMMON 


Figure 17. Basic Grounding Practice 


SAMPLED DATA SYSTEMS 

The conversion speed of the AD5240 allows accurate digitiza- 
tion of high frequency signals and high throughput rates in 
multichannel data acquisition systems. To make the AD5240 
capable of full benefit from this high speed, a fast sample-hold 
amplifier such as the AD346 or ADSHC-85 is required. Fig- 
ures 18 and 19 show the use of an AD346 and ADSHC-85 as 
sample and hold’s in combination with the AD5240. 


CONVERT 
START 


ANALOG 
INPUT 
0 TO 10V 

. © 


CONVERT 
START 


Figure 19. 105kHz—12-Bit, A/D Conversion,System 


In sampled data systems there are two limiting factors in digi- 
tizing high frequency signals. The maximum value of input 
signal frequency that can be acquired and digitized using a 
sample and hold amplifier and A/D converter combination is 
influenced by the bandwidth of the SHA, but it is also dictated 
by: 


A. The aperture uncertainty (jitter) of the sample and hold 
amplifier. 

B. The desired accuracy, and corresponding resolution of the 
converter. 


The resolution of an AD5240 is 1 part in 4096 to a tolerance 
of 0.012% of the full scale range, the maximum value of input 
signal frequency which can be digitized is determined by: 


2-N 
Fmax/ = (27) (Aperture Uncertainty) 
1 
FuMax/AD346 * (2m) (4096) (4 X 10-10) a 97.1kHz 
FuMax/ADSHC-85 = : = 77.7kHz 


(27) (4096)(5X 10710) 
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The maximum throughput rate for each of these combinations 
is again different. The maximum throughput rate is the sum of 
the sample and hold acquisition time and A/D conversion time 
as shown in Figure 20. 


50ns 
CONVERT 


eke je— T CONV —w 


CONVERSION 


ACQUISITION OF [ConvERSION OF 
OF SAMPLE 2 SAMPLE 2 


STATUS FIRST SAMPLE 


STATUS CONNECTED TO SAMPLE AND HOLD MODE CONTROL 
Figure 20. Start/Status Timing for Sampled Data System 


When using an AD346 with an AD5 240 the throughput rate is, 
2.0us acquisition time plus 5us conversion time, 142,8kHz. The 
ADSHC-85 used in combination with an AD5240 is, 4.5yus 
acquisition time plus 5us conversion time, 105.3kHz. To meet 
the requirements of the nyquist sampling criteria, the AD346 
and AD5240 combination can be used for input frequencies 
from de through 71kHz; the ADSHC-85 and AD5240 combin- 
ation for inputs from dc through 52kHz. Input frequencies 
higher than these (up to the maximum frequency) would 
result in “‘under-sampling”’ of the input signal. Signals up to 
the maximum frequency could be processed if their bandwidth 
is less than one-half the sample frequency. 


OC POWER 


ANALOG 
INPUTS 
(16) 


SAMPLE/HOLD STATUS OUTPUT 


INPUT 
CHANNEL CHANNEL 


SELECT SELECT 


iM went CONVERT DATA STROBE 


(TO OUTPUT 
START =" REGISTER) 


Figure 21. High Speed 12-Bit DAS 


A fast (43.5kHz) 12-bit DAS can be configured using the 
AD362 and the AD5240. The AD362 contains two 8-channel 
multiplexers, a differential amplifier, a sample-and-hold with 
high-speed output amplifier, a channel address latch and con- 
trol logic. The multiplexers may be connected to the differen- 
tial amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A feature cf the AD362 is an in- 
ternal user-controllable analog switch that connects the multi- 
_ plexers in either a single-ended or differential mode. This 
allows a single device to perform in either mode without hard- 
wire programming and permits a mixture of single-ended and 
differential sources to be interfaced by dynamically switching 
the input mode control. 


MICROPROCESSOR INTERFACING 

The 5ys conversion time of the AD5240 suggests several dif- 
ferential methods of interface to microprocessors. In systems 
where the AD5240 is used for high sampling rates on a single 
signal which is to be digitally processed, CPU-controlled con- 
version may be inefficient due to the slow cycle times of most 
microprocessors. It is generally preferable to perform conver- 
sions independently, inserting the resultant digital data 
directly into memory. This can be done using direct memory 
access (DMA) which is totally transparent to the CPU. Inter- 
face to user-designed DMA hardware is facilitated by the guar- 
anteed data validity on the falling edge of the EOC signal. 
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é 


- Clearly, 12 bits of data must be broken up for interface to an 


8-bit wide data bus. There are two possible formats: right- 
justified and left-justified. In a right-justified system, the 
least significant 8 bits occupy one byte and the four MSBs 
reside in the low nybble of another byte. This format is use- 
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Figure 22, AD5240 Interface Connections 


ful when the data from the ADC is being treated as a binary 
number between 0 and 4095. The left-justified format sup- 
plies the eight most-significant bits in one byte and the 
4LSB’s in the high nybble of another byte. The data now re- 
presents the fractional binary number relating the analog 
signal to the full-scale voltage. An advantage to this organiza- 
tion is that the most-significant eight bits can be read by the 
processor as a coarse indication of the true signal value. The 
full 12-bit word can then be read only when all 12 bits are 
needed. This allows faster and more efficient control of a 
process. | 


Figure 22 shows a typical connection to an 8085-type bus, : 


' using a left justified data format for unipolar inputs. Status 


polling is optional, and can be read simultaneously with the 
4LSBs. If it is desired to right-justify the data, pins 1 through 
12 of the AD5240 should be reversed, as well as the connec- 
tions to the data bus and high and low byte address signals. 


When dealing with bipolar inputs (+5V, +10V ranges), using 
the MSB directly yields acomplementary offset binary-coded 
output. If complementary two’s complement coding is desired, 
it can be produced by substituting MSB (pin 13) for the MSB. 
This facilitates arithmetic operations which are subsequently 
performed on the ADC output data. 


ANALOG 
DEVICES 


cmos 


13-Bit Monolithic A/D Converter 


AD7550 | 


FEATURES 


Resolution: 13 Bits, 2’s Complement 
Relative Accuracy: +1/2LSB 
“‘Quad Slope”’ Precision 
Gain Drift: 1ppm/°C 
Offset Drift: 1ppm/°C 
Microprocessor Compatible 
Ratiometric 
Overrange Flag 
Very Low Power Dissipation 
TTL/CMOS Compatible 
CMOS Monolithic Construction 


GENERAL DESCRIPTION 

The AD7550 is a 13-bit (2’s complement) monolithic CMOS 
analog-to-digital converter on a 118 x 125 mil die packaged 
in a 40-pin ceramic DIP. Outstanding accuracy and stability 
(1ppm/°C) is obtained due to its revolutionary integrating 
technique, called ‘‘Quad Slope” (Analog Devices patent 
No. 3872466). This conversion consists of four slopes of 
integration as opposed to the traditional dual slope and 
provides much higher precision. 


The AD7550 parallel output data lines have three-state logic 
and are microprocessor compatible through the use of two 
enable lines which control the lower eight LSB’s (low byte 
enable) and the five MSB’s (high byte enable). An overrange 
flag is also available which together with the BUSY and 
BUSY flags can be interrogated through the STATUS 
ENABLE providing easy microprocessor interface. 


The AD7550 conversion time is about 40ms with a 1MHz 
clock. Clock can be externally controlled or internally gen- 
erated by simply connecting a capacitor to the clock pin. A 
positive start pulse can be self-generated by having a capacitor 
on the start pin or can be externally applied. _ 


AD7550 FUNCTIONAL BLOCK DIAGRAM 


VREFI A 


N IRIN IRJCT {ROUT 


16 


TIMING AND CONTROL LOGIC a 371 


OLBEN 
O HBEN 
0 Cin 


BUSY BUSY OVRG DB12 OBO 


40-PIN DIP 


For most applications, the AD7550 needs only three resistors, 
one capacitor, and a reference voltage since the integrating 
amplifier, comparator, switches and ues logic are all on 

the CMOS chip. 


A wide range of power supply voltages (+5V to +12V) with 
minuscule current requirements make the AD7550 ideal for 
low power and/or battery operated applications. Selection 
of the logic (Vcc) supply voltage (+5V to Vpp) provides 
direct TTL or CMOS interface on the digital input/output 
lines. 


The AD7550 uses a high density CMOS process featuring 
double layer metal and silicon nitride passivation to ensure 
high reliability and long-term stability. 

PIN CONFIGURATION 


Vcc STEN BUSY OB12 0B10 OB8 DB6 DB4 OB2 DBO 
Voo NC BUSY OVRG DB11 OB9 DB7 DBS DB3 OB1 


NC Veer AIN Vrer2 Vss NC NC CLK Ci LBEN 
IRJCT IRIN (ROUT AGND NC NC STRT Court HBEN OGND 


TOP VIEW 


ANALOG-TO-DIGITAL CONVERTERS VOL. 1, 11-81 


SPECIFICATIONS (Vpp = +12V, Vss = -5V, Vcc = +5V, VREF1 = +4.25V unless otherwise noted)’ 


PARAMETER 


ACCURACY 
Resolution 
Relative Accuracy 
Gain Error 
Gain Error Drift 
Offset Error 
Offset Error Drift 


ANALOG INPUTS 
AIN Input Resistance 
VreFi [nput Resistance? 
VreF2 Leakage Current 


DIGITAL INPUTS 
CIN, LBEN, HBEN, STEN 
‘VINL 
VINH 
VINL 


2 


DIGITAL OUTPUTS 


VoutTL 

VouTH 

VouTL 

VouTH 

Capacitance (Floating State) 
(OVRG, BUSY, BUSY, 
and DBO-DB 12 


IiKc (Floating State) 
(OVRG, BUSY, BUSY, 
and DBO—DB12) 


DYNAMIC PERFORMANCE 


Conversion Time 


STEN, HBEN, LBEN 
Propagation 


Delay ton: torr 


External STRT 
Pulse Duration 


POWER SUPPLIES 


_ | OVER SPECIFIED 
TA = +25°C TEMPERATURE RANGE | TEST CONDITIONS 


13 Bits 2’s Comp min 
+1 LSB max 


+1LSB max 
+1 LSB max 


Ippm/"C typ 
+0.5LSB max 


Ippm/*C typ 


fCLK = 500kHz, R, = 1MQ, 
C, = 0.01uF, IRJCT Voltage 


Adjusted to “HEEL +0.6% 


R1MQ min 
R1MQ min 


10pA typ 


“sw 


+0.8V max +0.8V max Voc = +5V 
+2.4V min +2.4V min 
+1.2V max +1.2V max Voc = +12V 


+10.8V min +10.8V min 


5nA typ 


+0.8V max 
+2.4V min 
-1uA typ 

+150uA typ 


+0.8V max V.-. = +5V to V 
+2.4V min oe pe 
= +5V to Vpp> BUSY = Low 


+0.8V max 
+3V min 

+1.2V max 
+10.8V min 
-100uA typ 


+100LA typ 


+0.8V max 
+3V min 

+1.2V max 
+10.8V min 


Voc = +5V 


Voc = +1 2V 


Vin = VinL; Vcc = +5V to +12V 
Vin = Vino: Vcc = +5V to +12V 


+0.8V max 
+2.4V min 
+1.2V max 
+10.8V min 


+0.5V max 
+2.4V min 
+1.2V max 
+10.8V min 


SpF typ 


Vcc = +5V, IgINK = 1.6mA 
Voc = +5V, source = 40uA 
Voc = +12V, IgINK = 1.6mA 
Voc = +12V, SOURCE = 0.6mA 


t5nA typ Vcc = +5V to +12V 


Vout = OV and Vec 


VIN (CLK) = 0 to +3V, 


90ms typ 
fcLK = 500kHz 


V, = 0to +3V 
IN (CLK) ’ 
40ms t a 
yP fo.K = 1MHz 


Vin(STEN, HBEN, LBEN) 
0 to +3V 


250ns typ, 500ns max 


800ns min Vin(STRT) = Oto +3V 


+10V min, +12V max 
-5V min, -12V max 
+5V min, Vpp max 
0.6mA typ, 2mA max 
0.3mA typ, 2mA max 
0.06mA typ, 2mA max 


folk = IMHz 


Full Scale Voltage = tVREF] + 2.125. For VREF1 = +4.25V, FS voltage is +2.000V. 


? The equivalent input circuit is the integrator resistor Ry (1M min, 10MM max) in series with a voltage source 


VREF1 


, (see Figure 1). 


Specifications subject to change without notice. 
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ORDERING INFORMATION 


AD7550BD 


Package 
Ceramic — (D40A) 


Temperature Range 


—25°C to +85°C 


See Section 20 for package outline information. 


CAUTION: 


1; 


The digital control inputs are zener protected; however, 
permanent damage may occur on unconnected units 
under high energy electrostatic fields. Keep unused 


units in conductive foam at all times. Prior to pulling 
the devices from the conductive foam, ground the 
foam to deplete any accumulated charge. 

- Vcc should never exceed Vpp by more than 0.4V, 
especially during power ON or OFF sequencing. 


ABSOLUTE MAXIMUM RATINGS 


Viiiy COA GND ice oro ARG a ew Ra ated OV, +14V 
Vop tO DGND orca Hine uae ORE ewe Se OV, +14V 
Mee TOCAGN D o4456 sod a Ga ed ee Bf MSpace OV, -14V 
Vee tO: DGND's 2 gun a4, 2H hd hee. ele trance a eugene OV, -14V 
AGND:t0;DGND 5.45 620 2 dems or doles et a ee Bae We an OV, +14V 
Veg tO DGND! 5 ceeticte Soule Dae Rae eae eee OV, Vpp 
Verne OF atte et oe aed nee eee ee ee Vss» Vop 
VRE RI Hoek ai eA eh wee ee ore AGND, Vpp 
DUNG Sik #-dnkce Wet dS OSLER Sn ale eG bead Vss, Vpp 
DERN osreb eres teg aren Bursa osm sten ee tee Gob Vss, Vpp 
DEC ree A Mie tae Haar te op ee alba at ale Ge aces AGND, Vpp 
PROUT diced rane ind Gea sae wae atid ne Ges Vss, Vpp 
Digital Input Voltage 

HBEN, LBEN, STEN, Cy... .. .. DGND, (DGND +27V) 

CLK START So tee aageate bee eS ees DGND, Vpp 


Digital Output Voltage. 
DBO—DB12, OVRG, BUSY, BUSY, Coyz . . . DGND, Voc 
Power Dissipation (Package) . 


UP10450 Conan i ong owanca ae kw born 1000mW 
Derates above +50 Cby...........000005 10mW/°C 
Storage Temperature ................ -65°C to +150°C 
Operating Temperature............ ae .-25°C to +85°C 
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PIN FUNCTION DESCRIPTION 


PIN 


O©OmMN A MN BW PH 


Re ee 
- WN —& CO 


15 


16 


‘17 


18 


19 


20 


21 
22 
23 
24 


25. 


26 
27 
28 
29 
30 
31 
32 
33 
34 


35 


36 


37 
38 
39 


40 


MNEMONIC 


NC 
IRJCT 
VREF1 
IRIN 
AIN 
[ROUT 


VREF2 
AGND 


Vss 
NC 
NC 
NC 
NC 
STRT 


CLK 


HBEN 


BUSY 


DESCRIPTION | 


No Connection 

IntegratoR JunCTion. Summing junction (negative input) of integrating amplifier. 

Voltage REFerence Input 

IntegratoR INput. External integrator input R is connected between IRJCT and IRIN. 

Analog INput. Unknown analog input voltage to be measured. Fullscale AIN equals Vegr/2.125. 
IntegratoR OUTput. External integrating capacitor C, is connected between IROUT and IRJCT. 
Voltage REFerence + 2 Input 

Analog GrouND 

Negative Supply (-5V to -12V) 

No Connection 

No Connection 

No Connection 

No Connection , 

STaRT Conversion. When STRT goes to a Logic ‘‘1,” the AD7550’s digital logic is set up and 


‘BUSY is latched “high.”’ When STRT returns “low,” conversion begins in synchronization with 


CLK. Reinitiating STRT during conversion causes a conversion restart. STRT can be driven from 
an external logic source or can be programmed for continuous conversion by connecting an 
external capacitor between STRT and DGND. An externally applied STRT command must be 
a positive pulse of at least 800 nanoseconds to ensure proper set-up of the AD7550 logic. 
CLocK Input. The CLK can be driven from external logic, or can be programmed for internal 
oscillation by connecting an external capacitor between CLK and DGND. 
Count OUT provides a number (N) of gated clock pulses given by: 

nN =| 2.125 + ] 4096 


REF1 
Count IN is the input to the output counter. 2’s complement binary data appears on the DBO 


through DB12 output lines (if the HBEN and LBEN enable lines are “high”) if Cgyz is con- 
nected to Cy. 

High Byte ENable is the three-state logic enable input for the DB8-DB12 data outputs. When 
HBEN is low, the DB8—DB12 outputs are. floating. When HBEN is “high,” digital data appears 
on the data lines. . ‘ 
Low Byte ENable is the three-state logic enable for DBO—DB7. When LBEN is “‘low,’’ DBO— | 
DB7 are floating. When “high,” digital data appears on the data lines. __ 


Digital GrouND is the ground return for all digital logic and the comparator. 
Data Bit 0 (least significant bit) 


CODE: 2’s Complement 


Data Bit 12 (most significant bit) 

OVerRange indicates a Logic ‘‘1”’ if AIN exceeds plus or minus full scale by at least 1/2 LSB. 
OVRG is a three-state output and floats until STEN is addressed with a Logic “1”’. 

Not BUSY. BUSY indicates whether conversion is complete or in progress. BUSY is a three- 
state output which floats until STEN is addressed with a Logic “1.” When addressed, BUSY 
will indicate either a “‘1”’ (conversion complete) or a “O”’ (conversion in progress). 

BUSY indicates conversion status. BUSY is a three-state output which floats until STEN is 
addressed with a Logic ‘‘1.’” When addressed, BUSY indicates a ‘‘O” (conversion complete) or a 
“1” (conversion in progress). 

STatus ENable is the three-state control input for BUSY, BUSY, and OVRG. 

No Connection 

Logic Supply. Digital inputs and outputs are TTL compatible if Vcc = +5V, CMOS compatible 
for Voc = +10V to Vpp. . 

Positive Supply +10V to +12V. 
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PRINCIPLES OF OPERATION 
BASIC OPERATION 


The essence of the quad slope technique is best explained 
through Figures 1 and 2. 


SW3 Swo 


COMPARATOR 
TO CONTROL LOGIC 


Vs = Vrer2 + Vos + Igias R1+ ILKGswo R1 © 


AGND 


Figure 1. Quad Slope Integrator Circuit 


The inputs AGND (analog ground), VpEF, and AIN (analog 
input) are applied in sequence to an integrator (Figure 1), 
creating four slopes (phases 1 through 4, Figure 2) at the 
| VREF1 

2 ’ 
but if not, will create an error count that will be mini- 
mized by the ‘“‘quad-slope’’ conversion process. VpfFy and 
VREF2 must be positive voltages. | 


integrator output. Voltage Vg is ideally equal to 


fn ” 


The equivalent integrator input voltages and their integration 
times are shown in Table 1. 


TABLE 1 
INTEGRATOR EQUIVALENT INPUT VOLTAGES 


AND INTEGRATION TIMES 


Input Voltage Integration Time 


2 VREF1—Vs ty = (K, + n)t 
3 AIN—Vs t3 = (2K,- n)t 


VREF1—VS 
NOTE: Ideally Vg = VREF2 = 1/2 VREF1 


PHASE _0 PHASE 1 PHASE 2 


NOTES 
‘t= Ifeik. 
2 TIME PERIODS SHOWN IN BOLD ARE 
UNAFFECTED BY n SINCE THEY ARE 
Be enwined BY COUNTERS Ky, K2, 
*STEN = = LOGIC 1. IF STEN = 0, BUSY, 
BUSY ene OVRG ARE IN FLOATING 
STA 
{ROUT 
(PIN 6) 


t3 = (K2 - 2Ky-nijt 
tg = (2Ky -n)t 


where: 
t = The CLK period 
n = System error count 
Kj = A fixed count equal to 4352 counts 
K2 = A fixed count equal to 17408 counts (K2 = 4K) 
K3 = A fixed count equal to 25600 counts 
N = Digital output count corresponding to the analog input 
voltage, AIN 


PHASE 0 

After the start pulse is applied, switch SW2 is closed (all other 
switches open) and the integrator output is ramped to compar- 
ator zero crossing. Phase 0 can be considered the reset phase 

of the converter, and always has a duration tg = R1Cy (integra- 
tor time constant). Upon zero crossing, counters Kj and K2 
are started, switch SW2 is opened and SW1 is closed. _ 


PHASE 1 

Phase 1 integrates (AGND — Vs) for a fixed period of time 
(by counter K,) equal to ty = K,t. At the end of phase 1, 
switch SW1 is opened and SW2 is closed. 


PHASE 2 

The integrator input is switched to (Vpgry — Vs) and the 
output ramps down until zero crossing is achieved, The integra- 
tion time tz = (Ky + n)t includes the error count ‘“‘n” due to: _ 
offsets, etc. At the end of phase 2, switch SW2 is sochell SW3 
is closed, and a third counter (K3) is started. 


PHASE 3 

Phase 3 integrates the analog input (AIN — Vs) until counter 
K2 counts 4K jt. At this time SW3 is opened and SW2 is 
closed again, 


PHASE 4 


Phase 4 integrates (VREF1 — Vs) and the comparator output 
ramps down until zero crossing once again is achieved. Since 
the comparator always approaches zero crossing from the 
same slope, propagation delay is constant and hysteresis effect 
is eliminated. 


PHASE 3 PHASE 4 PHASE 5 


Kat (NOTES 1 AND 2) 


(Kg - 2Ky + - 2N)t 


STRT ” la ee te = (34306 + n)t + RyCy, (NOTE 1) 
~~ sa amma 
PON) 800ns, MIN 
CON- INTEGRATOR 
VERTER RESET 
RESET 
BUSY (PIN 35) LOGIC RESET; CONVERSION (4 SLOPES) 
(NOTE 3) : DATA pa} —_—____—_ a: ES Ed DATA VALID = 
VALID oe 


TOTALIZE 
COUNT 


Figure 2. Quad Slope Timing Diagram 
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The time ts between the phase 4 zero crossing and the termin- 
ation of counter K3 is considered equal to 2N counts. N, the 
number of counts at the Cgyy terminal, is obtained by a di- 
vide-by-two counter stage. This reduces “‘jitter”’ effect. Bar- 
ring third (and higher) order effects, it can be proven that: 
AIN 


(EQN 1) 
ciee - 1). 2K, + &3 (AIS 
VReEKI 2 Weert 


ideal transfer function 


error term 
where: 
ee S— YREFI 

VREF1 


The ideal case assumes: 
AGND = OV 


V. 
Nese ee 


7 therefore a = 0 


Then (EQN 1) simplifies to: 


__AIN 


N = 
VREF1 


(EQN 2) 


- 8704 + 4096 
or 


_ AIN 
FS 


N 


- 4096 + 4096 (EQN 3) 


where: 


VREF1 


V. =f ll i l = 
FS ull Scale input vo tage 2.125 


The parallel output (DBO—DB12) of the AD7550 represents 
the number N in binary 2’s complement coding when the 
Court Pin is connected to the Cy, pin (see Table II). 


TABLE I 
OUTPUT CODING (Bipolar 2’s Complement) 


N 
(Note 2) 


Parallel Digital Output 
(Note 3) 


Analog Input 
(Note 1) 


OVRG DB12 


+Overrange 1111121121 1111 
+VFS (1-27-12) 0 oO 111111111111 
+VFS (2712) 0 O 0000 0000 0001 
0 0 0 0000 0000 0000 
-VFS (2712) () 1 Li’ Pad? 114 
-VFS 0 1 0000 0000 0000 
-Overrange 1 1 


Notes 


V 
_ YREF1 
1 VRs = 2.125 


2 N=number of counts at Court pin 
3 CouT strapped to Cjn; LBEN, HBEN and STEN = Logic 1 


ERROR ANALYSIS 


Equation 1 shows that only a and AGND generate error terms. 
Their impact can be analyzed as follows: 


Case 1: AGND =0,a#0 


Error sources such as capacitor-leakage (I,,) and op 
amp offset (e) cause @ to be different from zero. 
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ND | 

= ics (1 + 2a) - a? 2K, 
Vor 
REF1 


Case 2: 


Under this condition, 
2(e+1,R 
Paes as 0 
VREF1 


where I] Rj is the equivalent error voltage generated 
by leakage Ir. 


The evaluation of this error term is best demonstrated 
through the following example: 


Assume: 

e = 5mV, I, = 5nA, R, = 1MQ and Vpgp, = 4.25V. 
Then: 

a= 4.7 x 1073 


and: 


N= ask -1]x8704+12800- | —*!N 
REF1 VREF1 


error term Ne 


- fs 22.1x 10°° x 8704 


Therefore, the error count N, is as follows: 


For AIN = -Vxgs: Ne = 0.28 counts = 0.28LSB 
AIN = 0: N; = 0.19 counts = 0.19LSB 
AIN = +Vgg: Ne = 0.09 counts = 0.09LSB 


The above example shows the strong reduction of 
the circuit errors because of the a2 term in (EQN 1). 
Another consequence of this effect is that Ne is 
always positive, regardless of the polarity of the cir- 
cult errors. 


AGND #0, a=0 


When AGND is different from the signal ground, then 
this error will come through on a first-order basis. 
Indeed: | 


N= a -1]-8704+ 12800 4|-AIN ___4|. AGND_ 
REF1 VREF1 VREF1 


~~, 


error term N € 


The following example demonstrates the impact 


of AGND. 


For AIN = ~Vis: then Ne = 3.01 counts 
AIN = 0, then N¢ = 2.05 counts 
AIN = + Vgc, then Ne = 1.08 counts 


Therefore, ground loops should be minimized 
because a 330uV difference between AGND and 
signal ground will cause 1 count (1 LSB) of error 
when the analog input is at minus full scale. An 
optimized ground system is shown in Figure 7. 


~ F, . 
: a 2 


OPERATING GUIDELINES where: 


The following steps, in conjunction with Figure 3, explain the tSTRT = STRT pulse duration 
calculations of the component values required for proper R4Cj = Integrator Time Constant 
operation. i fCLK = CLK Frequency 
1. DETERMINATION OF VREF1 For example, if VEFF1 = 4.25V, R1 = 1MQ, Ci = 4 ,000pF 
and CLK = 1MHz, the conversion time (not including 
When the full scale voltage requirement (VFS) has been toprr Which is normally only microseconds in duration) 
ascertained, the reference voltage can be calculated by: | is approximately 40 milliseconds. 


- 5. EXTERNAL OR AUTO STRT OPERATION 
VerFi Must be positive for proper operation. 


The STRT pin can be driven externally, or with the addition 


2. SELECTION OF C3 (INTERNAL CLOCK OPERATION) of C2, made to self-start. 
For internal clock operation, connect capacitor C3 to the 
clock pin as shown in Figure 3. The clock frequency versus The size of C2 determines the length of time from end of 7 
capacitor C3 is shown in Figure 4. conversion until a new conversion is initiated. This is the 


‘data valid”’ time and is given by: 


The clock frequency must be limited to 1.3MHz for proper 
operation. . 


tpay © (1.7 x 10°Q) C, + 20s : “at 
3. SELECTION OF INTEGRATOR COMPONENTS (Rj 
AND C}) When first applying power to the AD7550, a OV to Vpp 
positive pulse (power up restart) is required at the STRT 
To ensure that the integrator’s output doesn’t saturate to terminal to initiate auto STRT operation. 
its bound (Vpp) during the phase (3) integration cycle, ll 


the integrator time constant (R,C,) should be approxi- 


mately equal to: 6. INITIAL CALIBRATION 


er ee VrEF1 (9 X 103) | Trim Rg (Figure 3) so that pin 2 (IRJCT) equals 1/2 Verry 
a a foLk (Vpp - 4V 0.6%. When measuring the voltage on IRJCT, apply a Logic 


“1”? to the STRT terminal. 


The integrator components Ry and C4 can be selected by 

referring to Figure 5 and/or Figure 6. Figure 5 plots the time 

constant (R1Cj) versus clock frequency for different refer- 

ence voltages. Figure 6 is a direct plot of the required C1 , +5V TO 
versus fo; x for R, values of 1IMQ and 10MQ. ‘6 1° 6. 


STEN LBEN HBEN BUSY BUSY 
O O O 


R, can be a standard 10% resistor, but must be selected 
between 1MQ to 10MQ. 


The integrating capacitor ‘‘C1’’ must be a low leakage, low ivi 
dielectric absorption type such as teflon, polystyrene or as ne 
polypropylene. To minimize noise, the outside foil of Cy 


must be connected to IRoyt: 


4. CONVERSION TIME 


R1 C1 


As shown in Figure 2, the conversion time is independent of 
the analog input voltage AIN, and is given by: 


34306 Figure 3. Operation Diagram 
tconvert = tSTRT + f 
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Vop = +12V 

Vss = -5V 

Vec = +25°C 
Ta = +25°C 


ferx — Hz 


CAPACITANCE — pF 


Figure 4. fCLK vs. C3 


a 
ai GR GO 
PUN Samed Moos 2v a 


INTEGRATOR TIME CONSTANT RC, —S 


Figure 5, Integrator Time Constant (R71C7) vs. 
fCLK for Different Reference Voltages 


INTEGRATOR CAPACITANCE Cy — pF 


fork — Hz 


Figure 6. Integrator Capacitance (C7) vs. CLK for 
Different Integrator Resistances (R 7) 
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APPLICATION HINTS 


When operating at fpy x greater than 500kHz, the following 
steps are recommended to minimize errors due to noise 
coupling (see Figure 7). 


1. Decouple AIN (pin 5), Ver, (pin 3) and Vprr ( pin 7) 
through 0.01yF to signal ground. 


2. Signal ground must be located as close to pin 8 (AGND) 
as possible. 


3. Keep the lead lengths of Ry and Cy toward pin 2 (IRJCT) 
as short as possible. In addition, both components should 
lie over the analog ground plane. If Cj has an outside foil, 
connect it to pin 6 (IROUT), not pin 2. 


4. Hold the data bit enables (HBEN, LBEN) in the 0 state 
during conversion. This is easily accomplished by tying 
STEN to the 1 state and driving HBEN and LBEN with 
BUSY. This prevents the DBO through DB12 outputs from 
coupling noise into the integrator during the phase 1—4 
active integration periods. 


AD7550 


GROUND 


F igure 7. Ground System 


ANALOG 
DEVICES 


CMOS 12-Bit Plus Sign 
Monolithic A/D Converter 


AD7552 


FEATURES 

12-Bit Binary with Polarity and Overrange 
Accuracy + 1LSB 

Microprocessor Compatible 

Ratiometric Operation 

Low Power Dissipation 

Low Cost 


GENERAL DESCRIPTION 

The AD7552 is a 12-bit plus sign and overrange monolithic 
CMOS analog to digital converter. The “Quad Slope”’ conversion 
algorithm (Analog Devices patent No. 3872466) converts any 
offset voltages due to the integrator, comparator etc. to a digital 
number and subsequently reduces the total system drift error to 
a second order effect. 


The AD755S2 parallel output data lines have three-state logic and 
are microprocessor compatible. Separate enable lines control the 
lower eight LSBs (low byte enable) and the five MSBs (high 
byte enable). An overrange flag is also available which together 
with the BUSY and BUSY flags can be interrogated through the 
_ STATUS ENABLE providing easy microprocessor interface. 


AD7552 FUNCTIONAL BLOCK DIAGRAM 


Vrers AIN IRIN IRJCT IROUT 


PRODUCT HIGHLIGHTS 


1. 


The output data (12-bits plus sign) may be directly accessed 
under control of two byte enable signals for a simple parallel 
bus interface. The overrange and converter busy signals are 

accessed by a status enable signal. 


. The AD7552 conversion time is approximately 160ms with a 


250kHz clock. 


. Serial count out available for isolated A/D conversion via 


opto-isolators. 


. A conversion start can be controlled by an externally applied 


signal or, with the addition of a capacitor, the converter can 
be made to self start. 


. For most applications, the AD7552 needs only three resistors, 


one capacitor, and a reference voltage since the integrating 
amplifier, comparator, switches and digital logic are all on 
the CMOS chip. 
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SPECIFICATIONS 0, - site ~ ae 


—5V, Veer; = +4.25V unless otherwise noted)! 


Parameter Ta = +25°C Ta =0to+70°C Units Conditions/Comments 
ACCURACY 
Resolution 12-bits plussign 12-bits plus sign + 4096 counts, binary 2’s complement coding 
Accuracy of Reading (Including Noise) +] +} Countsmax fc. x = 250kHz,R1 = 1.8M0.Cl =0.01pF 
95% of conversions meet this specification 
Noise (Flicker) +] +] Countsmax From nominal reading, not exceeded 95% of time 
+2 +2 Countsmax Fromnominal reading, not exceeded 99% of time 
ANALOG INPUTS 
AIN (pin 5) Input Resistance” RI Rl MQ min R1 is the external integrating resistor 
Veer (pin 3) Input Resistance” Rl Rl MOQOmin connected between IROUT AND IRJCT 
Vrer2 (pin 7) Leakage Current l 10 nA typ 
DIGITALINPUTS 
CIN (pin 17), HBEN (pin 18), 
LBEN (pin 19), STEN (pin 37) 
Vit +0.8 +0.8 V max Vcc = +5V 
Vin +2.4 +2.4 V min 
Vin. +1.2 +1.2 V max Vec = +12V (Vir = 10% of Vcc) 
Vin + 10.8 + 10.8 V min (Vin = 90% of Vec) 
In lim ] ] yA max Vcc = +5Vto +12V 
START (pin 14) 
Vin +0.8 +0.8 V max Vec = +5VtoVpp 
Vin + 3.0 + 3.0 Vmin 
In — 5/-50 —5/-50 wAtyp/max Vcc = +5VtoVpp, BUSY (pin 36) = Voz. 
lh +0.5/+2.0 + 0.5/+ 2.0 mAtyp/max Vcc = +5VtoVpp, BUSY (pin 36) = Voy 
CLOCK (pin 15) 
Vit +0.8 +0.8 V max Vcc = +5V 
Vin + 3.0 + 3.0 V min 
Vit +1.2 +1.2 V max Voc = +12V (Vit = 10% of Vcc) 
Vin + 10.8 + 10.8 V min (Ving = 90% of Vec) 
Inv —0.1/-—1.0 —0.1/-—1.0 mAtyp/max Vin = Vir; Vcc = +5Vto + 12V 
lh +0.1/+ 1.0 +0.1/+1.0 mAtyp/max Vin = Vin3 Vcc = +5Vto + 12V 


———————— LLL SSS SSS SSS SSS ss SSD 


DIGITAL OUTPUTS 
Cout (pin 16), OVRG (pin 34) 
BUSY(pin 35), BUSY (pin 36) and 
DBO-DB12 (pins 21-33) 


Vcc = +5V ,Isinx = 1.6mA 


Vo. +0.8 +0.8 V max 
Von +4.0 + 4.0 V min Vcc = +5V,Isource = 40HA 
VoL. +1.2 +1.2 V max Vec = +12V,Isinx = 1.6mA 
Vou + 10.8 + 10.8 V min Vcc = +12V,Isource = 0.6mA 
Capacitance per Pin? 5 5 pF typ Outputs in high impedance state. 
Leakage per Pin ] 1 yA max Outputs in high impedance state 
DYNAMIC PERFORMANCE 
Conversion Time 160 160 ms typ RI = 1.8M0,Cl1 = 0.01yF, for x = 250kHz 
Propagation Delays? 
STEN to BUSY, BUSY, or OVRG 400 700 ns max Typically 250ns at + 25°C (see next page) 
STEN going HIGH (+ 3V) or LOW (OV) 
LBEN to DBO-DB7 300 500 ns max Typically 160ns at + 25°C (see next page) 
| LBEN going HIGH (+ 3V) or LOW (OV) 
HBEN to DB8-DB12 300 500 ns max Typically 160ns at + 25°C (see next page) 
LBEN going HIGH ( + 3V) or LOW (OV) 
STRT Pulse Width 300 500 ns min Typically 220ns at + 25°C 
Vin(STRT) = Oto +3V 
POWER SUPPLIES 
Vpp +10/+12 +10/+12 V min/max 
Vss —-5/—12 —5/-- 12 V min/max 
Vcc + S/Vpp 3 S/Vpp V min/max 
Ipp 0.8/2 0.8/2 mA typ/max STRT (pin 14)held HIGH, 
Iss 0.3/2 0.3/2 mAtyp/max digital outputs floating. 
Icc 0.1/1 0.1/1 mAtyp/max Vcc = +5V 
0.5/2 0.5/2 mAtyp/max Vcc = +12V 
NOTES 


'Full scale voltage = + Vrzr) ~ 2.125. For Vauri = 


Vaeur2(= Vrip/l + 2, see Figure 1). 
3Guaranteed but not tested. 
Specifications subject to change without notice. 
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+ 4.25V FS voltage is + 2.00V. 
?The equivalent input circuit is the integrator resistor R1 in series with a voltage source 


ABSOLUTE MAXIMUM RATINGS* 


(Ty, = + 25°C unless otherwise noted) 


VpptoAGND ................... OV, +14V 
VpptoDGND .................00.4 OV, +14V 
VsstoAGND ...............2.02004 OV, —14V 
Vss tO DGND :s<% 2% ys dS oe we ER 0V,:- 14V 
AGND toDGND.................. OV, +14V 
Veet DGND? cis. 52.6 fs ae ee Oe BASS OV, Vpop 
VEEL 6-62 & 9. oR oe ei eS Beeld kA Vss, Von 
Veer aS S85 ask 2S hood oo oe kG AGND, Vpp 
POUIN: 50: fo ype he Botte el das ae ht A ee A ele Vssy Vpop 
BIRENG , ois: rcs, 5 Gh dh Bole elim. Gah BIS elie ts Rite Vss, Vop 
PROD Sc Po ap: ue 2) vce i we 1S Re ha GS AD oe AGND, Vpp 


*Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above 


CAUTION: 


ORDERING INFORMATION 


Package! 
Plastic DIP (N40A) 


Model 
AD7552KN  0to +70°C 


'See Section 20 for package outline information. 


Temperature Range 


PIN CONFIGURATION 


AD7552 
(TOP VIEW) 


ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect- 
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The foam 
should be discharged to the destination socket before devices are removed. 


TROD be 6 ES tg Dn ate ke ee Vss, Vop 
Digital Input Voltage 
HBEN, LBEN, STEN, Cin 
CLK,START ................ DGND, Vpp 
Digital Output Voltage 


DBO-DB12, OVRG, BUSY, BUSY, Coy; . . . DGND, Vec 
Operating Temperature Range .......... 0 to + 70°C 
Storage Temperature ............ + 65°C to + 150°C 
Power Dissipation (Package) | 

Up Oo PSO 2 nt ak wits Ss edhe a Se es A 1000mW 

Derates above +50°C by ............. 10mW/°C 
Lead Temperature (Soldering, 10secs) ........ + 300°C 


those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 
WARNING! As 


ESO SENSITIVE DEVICE — 


3V | 
STEN 
: ov 
PROPAGATION 
DELAY 
BUSY, BUSY, | Von 
OVRG ; ; Vou 


TIMING MEASUREMENT REFERENCE LEVEL IS dl ae aT 


STEN to BUSY, BUSY, or OVRG Propagation Delays 


3V | 
LBEN, HBEN 

ov 

PROPAGATION 
DELAY 
DBO-DB7, Von 
DB8-DB12 j 
OL 


LBEN to DBO-DB7, HBEN to DB8—DB12 Propagation Delays 
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_ PIN FUNCTION DESCRIPTION 


PIN MNEMONIC 


CONN NN WN — 


Ke) 


15 


36 


37 


38 
39 


40 


VOL 


NC 
IRJCT 
Vrevi 
IRIN 
AIN 
IROUT 


CLK 


Court 


Cin 


HBEN 


LBEN 


DGND 


BUSY 


STEN 


NC 
Vcc 


Vpp 


DESCRIPTION 


No Conncction 

IntegratoR JunCTion. Summing junction (negative input) of integrating amplificr. 

Voltage REFerence Input (normally + 4.25 volts). 

IntegratoR INput. External integrating resistor R1 is connected between IRJCT and IRIN. 
Analog INput. Unknown analog input voltage to be measured. Full scale AIN equals Vjx43)-/2.125. 


IntegratoR OUT put. External integrating capacitor C1 is connected between IROUT and IRJCT. 


Voltage REFerence +. 2 Input. Vj43):2 1s normally obtained by a potential divider circuit as shown in Figure 3. 
Analog GrouND , 
Negative Supply (—5V to — 12V) 

NoConnection 

No Connection 

No Connection 

No Connection 

STaRT Conversion. When STRT goes toa Logic “‘1”’, the AD7552’s digital logic is set up 

and BUSY is latched “high”. When STRT returns “low”, conversion begins in synchronization 
with CLK. Reinitiating STRT during conversion causes a conversion restart. STRT can be 
driven from an external logic source or can be programmed for continuous conversion by con- 
necting an external capacitor between STRT and DGND. Anexternally applied STRT command 


must be a positive pulse of at least 300 nanoseconds to ensure proper set-up of the AD7552 internal logic. 


CLocK Input. The CLK can be driven from external logic, or can be programmed for internal 
oscillation by connecting an external capacitor between CLK and DGND. 
Count OUT provides a number (N) of gated clock pulses given by: 


N = aN 2.125 + | 4096 
REF] 


Count IN is the input to the output counter. 2’s complement binary data appears on the DBO 
through DB12 output lines (if the HBEN and LBEN enable lines are “‘high’’) if Cor is 
connected to Cyn. , 

High Byte ENable is the three-state logic enable input for the DB8—DB12 data outputs. When 
HBEN 1s “‘low’’, the DB8—DB12 outputs are floating. When HBEN is “‘high,”’ digital data 
appears on the data lines. . 

Low Byte ENable is the three-state logic enable for DBO-DB7. When LBEN is “low,” 
DBO-DB7 are floating. When “high,” digital data appears on the data lines. 

Digital GrouND is the ground return for all digital logic and the comparator. 

Data Bit 0 (least significant bit) 


CODE: 2’s Complement 


Data Bit 12 (most significant bit) 


OVerRanGe indicates a Logic “1”’ if AIN exceeds plus or minus full scale by at least 1/2LSB. 


-OVRG is a three-state output and floats until STEN is addressed with a Logic “‘1’’. 


Not BUSY. BUSY indicates whether conversion is complete or in progress. BUSY is a three- 
state output which floats until STEN is addressed with a Logic “1.’” When addressed, 


_ BUSY will indicate either a “1” (conversion complete) or a “0” (conversion in progress). 
p prog 


BUSY indicates conversion status. BUSY is three-state output which floats until STEN is 

addressed with a Logic “‘1.”” When addressed, BUSY indicates a ‘‘0” (conversion complete) 

ora “‘1”’ (conversion in progress). . 

STatus ENable is the three-state control input for BUSY, BUSY, and OVRG. When STEN is “high’’, 
the three outputs are enabled. 

No Connection 


Logic Supply. Digital inputs and outputs are TTL compatible if Veg = +5V,CMOS 


compatible for Vcc = +10V to Vpp. 
Positive Supply + 10V to + 12V. 
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Component limitations such as switch leakage, as well as opera- 
tional amplifier offset voltage and bias current (and the temperature 
dependency of these errors), are major obstacles when designing 
high resolution integrating A/D converters. The AD7552 utilizes 
a patented quad slope conversion technique (Analog Devices 
Patent No. 3872466) to reduce the effects of such crrors to 
second order effects. 


Figure | shows a simplified quad slope integrator circuit. The 
various inputs AGND (Analog Ground), Vxi:1:;, and AIN (Analog 
Input) are applied in sequence to the integrator via switches 1-3 
(see Table 1), creating four slopes at the integrator output (phase 
1-4 of Figure 2). If the equivalent summing junction voltage Vx 
is precisely 0.5V.g43}7;, the phase 1 and phase 2 integration times 
are equal, indicating there are no input errors. If Vg #0.5Vuas 
(due to amplifier offset voltage, bias current, etc.), an error 


6699 


count “‘n” is obtained. The analog input integration cycle (phase 
(tS b) 


3) is subsequently lengthened or shortened by ‘“‘n” counts, 
depending on whether the error was positive or negative. 


COMPARATOR 


TO CONTROL 
LOGIC 


AD7552 


Vs = Vrer2 + Vos + IegR1 + IswoR1 \/ AGND 


Figure 1. Simplified Quad Slope Integrator Circuit 


Input Voltage | Integration Time 


] t; = Kit 

Z to = (K,; + n)t 
3 ts = (2K, - nt 
4 


tg = (K3 — 2K, +n —-2N)t 


Table 1. Integrator Equivalent Input Voltages and 


Integration Times 


—- Quad Slope Theory of Operation — 


where: 
t = The CLK period 
n = System crror count 
= A fixed count equal to 4352 counts 
A fixed count equal to 17408 counts (Kz = 4K;) 
K; = A fixed count equal to 25600 counts 
N = Digital output count corresponding to the analog input 
voltage, AIN 


aka 
| 


The time ts between the phase 4 zcro crossing and the termination 
of counter K3 is considered equal to 2N counts. N, the number 
of counts at the Cgy's terminal, is obtained by a divide-by-two 
counter stage. This reduces “jitter” effect. Barring third (and 
higher) order effects, it can be proven that: 


; (EQN 1) 
N ( AIN ) xe Ks ( AIN .)] ssn (1 + 2a) | 2K 
= a . + _ pang . + Qa -a e 
VREFI 2 VREFI VREFI 
ideal term error term 


where: 


AGND = Voltage at AD7552 pin 8 (AGND) measured 
with respect to Vpy:}:; and AIN signal com- 
mon ground. (Ideally, AGND = OV) 


-—V 
a 1s an error term equal to os ~ VREFL 
REF] 
Ideally a = when Vs = 0.5VpE1. 
NOTE: 
Vs = Vrrrz2 + Vos + Ip Ri + Iswo Ri 
WHERE: 


Vrer2 = 0.5Vriv‘; if no error is present 
Vos = Offset voltage of integrator amplifier 
Ip Rl = Equivalent integrator amplifier offset voltage due to 
bias current of integrator amplifier 
Iswo Rl = Equivalent integrator amplifier offset voltage due 
to SWO leakage current. 


PHASE 1 PHASE 2 


NOTES 

‘t= 1/feik. 

2 TIME PERIODS SHOWN IN BOLD ARE 
UNAFFECTED BY n SINCE THEY ARE 
DETERMINED BY COUNTERS Ky, K2, 


3. 

*STEN = LOGIC 1. 1F STEN = 0, BUSY, 

ey AND OVRG ARE IN FLOATING 
ATE. 


\ROUT 
(PIN 6) 


PHASE 3 


PHASE 5 


PHASE 4 


K3t (NOTES 1 AND 2) 


esa ies 


STRT 

FIN 48) 300ns, MIN | 

CON. ne INTEGRATOR 
VERTER RESET 

BUSY LOGIC RESET reset CONVERSION (4 SLOPES) 

(PIN 35) CONV 1ON L 
(NOTE 3) DATA DATA VALID — 

VALID 


COUNT 


Figure 2. Quad Slope Timing Diagram 
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Soe ees 
pag Ms 
aoe E 


The ideal case assumes: 


AGND = 0V 
Vs; = Caer , therefore a = 0 
Then (EQN 1) simplifies to: 
AIN | 

N = Vean 8704 + 4096 (EQN 2) 
or 
N = An - 4096 + 4096 (EQN 3) 
where 

a ; _ Vreri 
FS = full scale input voltage = 715 


Equation | shows that only a and AGND generate error terms. 
Errors due to a #0 are strongly reduced because of the a? term 
in equation 1. Errors due to AGND #0 will, however, have a 
first order effect on the system performance. Great care should 
be taken in any circuit layout to minimize or eliminate ground 
loops between AGND and signal ground. A recommended ground- 
ing system is shown in Figure 5. . 


OUTPUT CODING 

The parallel output (DBO-DB12) of the AD7552 represents the 
number N in binary 2’s complement coding when the Coyr pin 
is connected to the Cyx pin (see Table 2). 


Analog Input Parallel Digital Output 


(Note 1) (Note 3) 
OVRG DB12 DB11 DBO 
+ Overrange 1 0 T}1) 2111 11191 
+(FS—1LSB) 0 0 11112 12111 1111 
+ 1LSB 0 0 0000 0000 0001 
0 0 0 0000 0000 0000 
— 1LSB 0 l 1111 2111 2111 
—(FS—1LSB) 0 l 0000 0000 0001 
— FS 0 1 0000 0000 0000 
— Overrange ] ] 0000 0000 0000 
NOTES: 
FS = 5 a ; 1 Least Significant Bit(LSB) = FS(2"!”) 


2N = number of counts at Cot pin 
3Coct strapped to Cy; LBEN and HBEN = Logic 1 


Table 2. Output Coding (Bipolar 2’s Complement 


ANALOG CIRCUIT SET-UP AND OPERATION . 
The following steps, in conjunction with the analog circuitry of 
Figure 3 explain the selection of the various component values 

required for proper operation. | 


1. Determination of Veer; 
The reference voltage Vprr and the full scale input voltage 
FS are related by 


VREF1 = 2.125 (FS) 


VrerF) must be positive for proper operation. A typical value 
of Veer is +4.251. An AD584 may be used to provide the 
reference. . 


2. Selection of Integrator Components R1 and Cl 
The integrator time constant should be approximately equal 


to 
_ VreFi (9 x 10°) 


foLk (Vpp-4V) 


The integrating capacitor C1] should be a low leakage, low 
dielectric absorption type such as Teflon, polystyrene or 
polypropylene. To minimize noise, the outside foil of Cl 
should be connected to the output of the integrating amplifier 
and not to its summing junction. 


RICl 
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Vaer e 


/ 
Figure 3. AD7552 Operational Diagram 


Improper selection of the integrator time constant (time 
constant = R1 Cl) may cause excessive noise due to the 
integrator output swing being too low, or may cause nonlinear 
operation if the integrator output attempts to exceed the 
rated output voltage of the amplifier. 


. Determining Conversion Time 


As shown in Figure 2, the conversion time is independent of 
the analog input voltage AIN, and is given by: 


34306 
t = tf + - + RI Cl 
"CONVERT . ISTRT fein 


where: | 

tstrr = STRT pulse duration. 
R,C; = Integrator Time Constant. 
foLk = CLK Frequency at pin 15. 


. External or Auto STRT Operation 


The STRT pin can be driven externally, or with the addition 
of C2, made to self-start. 


The value of C2 determines the length of time from end of 
conversion until a new conversion is initiated. This is the 
“data valid” time and is given by: 


tpav ~ (1.17 x 10°) C2 + 20ps 


When first applying power to the AD7552, a OV to Vpp 
positive pulse (power up restart) is required at the STRT 
terminal to initiate auto STRT operation. See APPLICATIONS 
HINTS No. 5. ! 


. Internal Clock Operation 


The CLK input, pin 15, should normally be driven from an 
external crystal frequency source, particularly if operation 
above 250kHz is required. However, for noncritical applications 
an internal clock oscillator can be activated when a capacitor 
is connected from pin 15 to DGND. Figure 4 shows a 
typical curve of clock frequency versus capacitance, C3. Due 
to process variations the actual operating frequency for a 
given value of C3 can vary from device to device by up to 
100%. Consequently it may be necessary to “tune” C3 to 
provide the correct clock frequency for a given Ver; and 
RiCl. For proper operation the clock frequency should be 
limited to 250kHz. Conversion speeds of up to 80ms can be : 
obtained by increasing the clock frequency to 500kHz. 
However the flicker due to noise will also increase. See 
APPLICATIONS HINTS No. 8. 


. Initial Calibration 


Trim R3 (Figure 3) so that the voltage on pin 2 (IRJCT) 
equals 1/2VrEF, +0.6%. During this trim and measurement 
cycle apply a logic HIGH to pin 14 (STRT). This will 


' prevent the AD7552 from executing a conversion. 
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Figure 4. Internal Clock Frequency vs. C3 
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Figure 5. Recommended Grounding System 


APPLICATIONS HINTS 


l. 


Decouple AIN (pin 5), Vrs; (pin 3) and Vpy:22 (pin 7) 
through 0.01.F to signal ground. 

Signal ground must be located as close to pin 8 (AGND) as 
possible. 

Keep the lead lengths of RI and Cl toward pin 2 (IRJCT) as 
short as possible. In addition, both components should lic 
over the analog ground plane. If Cl has an outside foil, 
connect it to pin 6 (IROUT), not pin 2. 


. Hold the data bit-cnables (HBEN, LBEN) in the 0 state 


during conversion. This is casily accomplished by tying 
STEN to the | state and driving HBEN and LBEN with 
BUSY. ‘This prevents the DBO through DB12 outputs from 
coupling noise into the integrator during the phase 1-4 active 
integration periods. 


. To avoid the requirement of providing a positive STRT . 


pulse on powcr-up to initiate the auto start operation, the 
following circuit may be uscd. 


The output of the open collector NAND gate is initially high 
on power-up. When the charging voltage on CS reaches the 
input threshold level of the NAND gate, the output goes low 
and remains low to allow the AD7552 to self start. 


6. Under no circumstances should Vcc exceed Vpp especially 


during power-up and power-down. In cases where this 
situation could occur the following diode protection scheme 
is recommended. 

Vee Voo 


SCHOTTKY 
HSCH-1001 


7. Some solder fluxes and cleaning materials can form slightly 
conductive films which cause leakage effects across the 
integrating capacitor. The user is cautioned to ensure that 
the manufacturing process for circuits using the AD7522 
does not allow such films to remain after assembly. Otherwise 
the accuracy and noise performance of the device will be 
affected. 


8. A suggested crystal oscillator circuit is shown below for use 
with a Vcc of +5V. It uses a standard 4.096MHz crystal 
which is divided down by 16 to produce a clock frequency of 
256kHz. 


74C901 


TO 
PIN 15 
OF AD7552 


TO 
Voo © 


9. A printed circuit layout for an evaluation board is shown in 


Figure 8a and 8b. Figure 6 shows the circuit diagram for this 
evaluation board with component values for for. = 250kHz, 
Veit = +4.25V operation. Figure 7 shows the component 
overlay for Figure 8a. Note that either BUSY (pin 35) or 
BUSY (pin 36) is available at the edge connector via a wire 
link. Note also that STEN (pin 37) may be tied high via a 


wire link. 
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5 +12V 


cg C10° 
0.01,F 33 nF 
Dien a 
RET RET 
> 5 +5V 
: cil c12° 
0.01nF 33 uF 
AD584LH ais G . ae < 
REFERENCE DGND DGND 
D STEN 
LINK 
~ BUSY 
e 
+5V 
J 
annoy UL Le 
CE SoC ete 
a eee 
ae Eo tree 
a yet hs 
sia yee a 
Pi yen ho 
ie 
STRTO : 
RE nae Clete 
0 Bawa on 
BidhaD : 
HBEN © DB2 a a > 
LBENO pai 22+ D 
DGNDG . 
VV DGND 
NOTES: 5C1 MUST BE A LOW LEAKAGE, LOW DIELECTRIC ABSORPTION 
'$1 IS A PUSHBUTTON SWITCH TO INITIATE AUTO-START TYPE SUCH AS TEFLON, POLYSTYRENE OR POLYPROPYLENE. 
OPERATION. S1 AND C2 ARE NOT REQUIRED FOR EXTERNAL. C8, C10 AND C12 ARE SOLID ELECTROLYTE TANTULUM CAPACITORS. 
START OPERATION. L1- L14 ARE LEDS, MONSANTO MV55 OR EQUIVALENT. 
2¢3 IS NOT REQUIRED FOR EXTERNAL CLOCK OPERATION. ®R7 — R13 AND R14 — R20 ARE PROVIDED BY TWO THICK-FILM. 
3FOR CALIBRATION HOLD PIN 14 (STRT) HIGH. ADJUST RESISTOR NETWORKS, EACH IN AN 8-PIN SINGLE-IN-LINE 
R6 UNTIL THE VOLTAGE ON PIN 3 (Vaer) IS 4.250V. ADJUST PACKAGE. SUITABLE NETWORKS AVAILABLE FROM BECKMAN 
R3 UNTIL THE VOLTAGE ON PIN 2 (IRJCT) IS 2.125 +0.025V. INSTRUMENTS INC., 2500 HARBOR BOULEVARD, FULLTERTON, 


*R1, R2, R4, R5 1% TOLERANCE, METAL FILM. CA 92634, MODEL NO. 764-1-4K7. 


Figure 6. Evaluation Board Circuit with Component Values 
for foik = 250kHz, VeeEF1 = +4.25V 
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Figure 7. Component Overlay for Figure 8a 
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ANALOG DEVICES 
AD7550/52 EVALUATION 
BOARD 


Figure 8a. Component Side 


Figure 8b. Foil Side 
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OBTAINING SIGN-MAGNITUDE 4 DIGIT BCD CODING 
FROM THE AD7552 
Referring to Figure 9 when a convert start pulse is essed the 


SIGN-MAGNITUDE BCD CODING’ 


OVRG Sign Digit4 Digit3 Digit2 Digit! 


four decade presettable up/down counter is loaded with the + Overrange l 0 4 0 9 5 
value 4096. The low level on the up/down count input (Q of X1 ne : p : : : : 
= 0) places the CD4029 counters into the count down mode. 4 0 0 0 0 0 6 
The contents of the four decade BCD counter are decremented 0- 0 1 0 0 0 0 
each time a pulse is detected on Coyr. The number of pulses —1LSB 0 l 0 0 0 l 
appearing on Coyr is related to both the magnitude and the ae ~ 1LSB) : ; : : : : 
polarity of the input voltage. If the counter reaches the all 0’s <Overanee i 0 : : 


state, the flip-flop (X1) is set, placing a high level signal on the 2 
; ‘ NOTES 
up/down count input. The counter will now count up on 'Using circuit of Figure 9. 


succeeding Court pulses. ? FS = Vaurs + 2.125; 1 Least Significant Bit(LSB) = FS(2"), 
4N = number of counts at Cov: pin. 
CD4013 OVRG 
ss OUT 


Table 3. Sign-Magnitude BCD Coding 


Referring to Table 3 no counts occur on Coyr when the input 
voltage is either overrange or equal to — FS. Since the most 
negative value which can be represented in sign-magnitude 

set coding is — (FS — 1LSB) whereas in two’s complement coding it 

out is — FS, the X2 flip-flop of Figure 9 ensures that the OVRG 
output is high if either AIN is overrange or AIN = —FS. Note 
that there are two codes for zero analog input. This is the result 

SIGNIFICANT of gating the carry out signal from X6 with the input clock 
signal Coyr. As mentioned previously, the number of counts at 
the Coyr terminal is obtained by an internal divide-by-two 
counter stage. Depending on whether the number of counts to 
this divide-by-two was odd or event Coyy can remain in either a 
high or a low state at the end of phase 4. If AIN is negative and 
less than 1/2LSB (AIN =0-—), Cour is high after outputting 
4096 counts thus preventing the sign flag from changing. If 
AIN is positive and less than 1/2LSB, Cour is low after 
outputting 4096 counts allowing the sign flag to change. If the 
carry out signal from X6 is directly connected back to X1, then 
the code for AIN = 0-— vanishes leaving one code (the 0 + 


(BUFFERED) 


one) for OV. 
eens _ This circuit may be used to provide direct readout of analog 
input voltage with proper scaling of the reference voltage and 
CCRCANT serial output Coyr. For instance, dividing Coyy by two and 
DIGIT : 


adjusting Vrgr; = +4.352V gives a FS voltage of 2.048V 
which will be displayed directly. 


SIGN-MAGNITUDE CODIN G 


OVRG DB12 DBl1 DB10 DB9 DB8 DB7 DB6 DBS DB4 DB3 = DB2 DBI DBO 


+ Overrange 
+FS —1LSB 
+ 1LSB 

0 

- 1LSB 

~(FS — 1LSB) 
—FS 

— Overrange 


—e COOCOCcCKco— 
—— eo OOO CO 
oor oco°o.fF 
oor oo°*c=-- 
oor oocc--— 
Tyne peg ed 
SES ea 
oor oco- 

ooroooco.-- 
oor ooo = 
oor ooo; = 
oor = CO — = = 


oor ooo; - 


NOTES 

‘Using circuit of Figure 10. 

2FS = Vayyy + 2.125; 1 Least Significant Bit(LSB) = FS(2''2). 
3N = number of counts at C; ¢-_ pin. 


Table 4. Sign-Magnitude Binary Coding 
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: a fa . 
: . ‘ . 
Ct ed | 


OBTAINING SIGN-MAGNITUDE BINARY CODING 
FROM THE AD7552 

The circuit of Figure 10 converts the two’s complement coding 
from the AD7552 into sign-magnitude coding. It does this by 
complementing the AD7552 data and adding 1LSB whenever 
DB12 is high. In sign-magnitude coding the most negative value 
that can be represented is —(FS— 1LSB); in two’s complement 
coding it is — FS. The OR gate in Figure 10 ensures only valid: 
output codes are produced (see Table 4). Note that there is only 
one code for zero scale. 


ovne we OVRG 


DB12 SIGN 
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DB11 
si Ee s4 
DB10 ae Be Le ee pee 
DBS — > = a re 
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AD7552 Ez r | 
DB6 ge ) > a = a 
pe aoe ) > a S2 DBS 
pea x) > ea oes 
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CD4008 
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ane ge $4 DB3 
_ P) eS $3 DB2 


$2 


0B1 - i © 
DBO i. 


$1 


CARRY IN 


q 


CD4008 


Figure 10. Sign-Magnitude Binary Conversion Circuitry 


MICROPROCESSOR INTERFACING 


The three-state output capability of the AD7552 allows the 
multiplexing of the data and status lines onto a single 8-bit wide 
bus. Figure 11 shows the AD7552 directly interfaced to the 
6800 with convert start, data read, etc., all under program 
control. Note that the two status lines OVRG and BUSY are 
connected to the data bus in the MSB and LSB positions so that 
they can easily be interrogated by reading the status word to the 
microprocessor accumulator, rotating right or left through carry 
and then checking the carry flag. 


ADDRESS A13 -— A15 
BUS 
—_ae EN DECODER 


VARY, YY 
STEN LBEN HBEN STRT 
Ret 
— AD7552 
e DB8 - DB12 


DATA BUS 


Figure 11. AD7552-6800 Direct Interface 


Care should be taken when using fast-access memory or 
operating at high temperatures to ensure that the AD7552 
output drivers relinquish the data bus in time to avoid any 
possible bus conflict with the following instruction. In any 
situation where bus conflict is likely, the interfacing technique 
of Figure 12 is recommended. 


AD7552-8085A INTERFACE 

Figure 12 shows the AD7552 interfaced to the 8085A. In this 
application the two status lines share the data bus with the data 
high byte (DB8-DB12) since the STEN and HBEN inputs are 
driven simultaneously from a single decoded address. The 8282 
data latch which buffers the AD7552 three state drivers from 
the microprocessor bus ensures that the bus is relinquished 
promptly at the end of a data read instruction. 


ADDRESS BUS 


STEN LBEN STRT 


HBEN 
DBO - DB7 


AD7552 


DB8 - DB12 


BUSY 
OVRG 


ADDRESS/DATA BUS 


Figure 12, AD7552-8085A Direct Interface 


ANALOG-TO-DIGITAL CONVERTERS VOL. I, 11-99 


CONTINUOUS CONVERSION MODE 


Figure 13 shows the AD7552 connected for continuous conversion. * 
The conversion STRT signal is synchronized with the ALE 
signal of the 8085A. The BUSY signal is used to update the 8- 
bit data latches at a time when the microprocessor is not 
attempting a read operation. Thus the AD7552 appears to the 
microprocessor as memory which can be read at any time 
although scrambled data can result if a data update occurs 
between reading the high byte and low byte data. One method 
of avoiding this is to read data only after an update has occurred. 
The microprocessor can be interrupted to perform a data read 
by tying the AD7552 STRT input to one of the RST inputs on 
the 8085A. 


OPTO-ISOLATED SERIAL INTERFACE 

Figure 14 shows a serial interface to the MCS-85 system. This 
system can accommodate a remote interface where a common-mode 
voltage is expected to exist between system grounds. 


Port C of the 8155 is configured as a control port. Port B is an 
input port. This port configuration is necessary if sign and/or 
overrange information is required. Magnitude information is 
obtained by interrogating the 8155 counter value. The rising 
edge of BUSY is used to cause an interrupt on the RST 7.5 
line. The value (2'* - Coy) in the 8155 timer should now be 
read. When BUSY returns low, the 8155 counter is reset to 
FF}. The falling edge of BUSY also latches the sign and 
overrange data into port B. This is indicated by a rising edge on 
BF (buffer full) which can be used to call the 8085 CPU to read 
port B data. 


ISOLATED AD7552 POWER SYSTEM 
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Figure 13. AD7552 in Continous Conversion Mode 
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Figure 14. Optically Isolated Serial AD7552/MCS-85 Interface 
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ANALOG == ______ CMOS 
DEVICES 41, /5% Digit ADC Subsystem 


AD7999. 


PRELIMINARY TECHNICAL DATA AD7555 FUNCTIONAL BLOCK DIAGRAM 


FEATURES id 1 
Resolution: +4 1/2 Digits BCD or +20k Count Binary Capa- > ane > COMPARATOR 
BUFIN (6) IRJCT 6) 


Data Format: Multiplexed BCD (for Display) and Serial Count 
(for External Linearization, Data Reformatting, or Micro- 
processor Interface) 

Accuracy: +1 Count in +20k Counts ain (2) 

Scale Factor Drift: 0.2ppm/°C Using Only Medium- acno (3) 
Precision Op Amps 

Requires only a Single Positive Reference 

Overrange Display 

Auto Calibration Capability 

Interfaces to TTL or 5V CMOS 

HOLD Input and SCC (System Conversion Complete) — ae 
Output for Interface Flexibility one) oe 

ae ae a 


BUFFERS 


bility for 5 1/2 Digit Resolution or Custom Data Formats 
(ROUT () 


(14) ss (-5V) 
DIGIT DATA SELECTOR 
eecg ; oa 


BUFFER 


GENERAL DESCRIPTION: 
The AD7555 is a 4 1/2 digit, monolithic CMOS, quad slope _ 
integrating ADC subsystem designed for display or micro- 


processor interface applications. Use of the high resolution zl = ea 
enable input expands the display format to 5 1/2 digits BCD. Ban raBeE Seb DATA 
With SCO (Serial Count Out) connected to SCI (Serial Count 

In), the output data format is multiplexed BCD suitable for PIN CONFIGURATION 


visual display purposes, As an added feature, SCO can also be 
used with rate multipliers for linearization, or with BCD or 
binary counters for data reformatting (up to 200k binary 
counts). 


The quad slope conversion algorithm (Analog Devices patent anes 


No. 3872466) converts the external amplifier’s input drift Br TOR-VIEW 
(NOT TO 


errors to a digital number and subsequently reduces the total nor 
system drift error to a second order effect. Using only inex- 
pensive, medium-precision amplifiers a scale factor drift of 
0.2ppm/°C is achieved. 


ORDERING INFORMATION 


Operating 
Package Temperature Range 


AD7555BD | 28 Pin Side Brazed Ceramic — (D28B) |-25°C to +85°C 
AD7555KN| 28 Pin Molded Plastic — (N28A) 0 to +70°C 


See Section 20 for package outline information. 
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SPECIFICATIONS (Vcc = +5V, Vss = -5V, VREF1 = +4.0960V, Fe_K = 614.4kHz, AGND = OV) 
-—_—___  ekreemaaeaeeeE_c_=_ScScSOeees=s=_ eee 


, -LIMITAT ~~ LIMITATT, | | 
PARAMETER Ta =+25°C  =Tmins Tmax UNITS CON DITIONS/COMMENTS 
ANALOG SWITCHES 
Ron (Switch 1-3) 800 1200 $2 max -2V SAIN <+2V_ Refer to Functional Diagram 
ARon (Switch 1) versus AIN 300 500 Q typ -2V <AIN <+2V | 
Mismatch Between Any Two 
Switches (excluding SWO) 300 500 QQ typ -2V SAIN S+2V 
ILKG (Switch OFF) 
SWO (pin 6) 1 70 nA max — IRJCT (pin 5) =+2.048V 
: OV <IROUT (pin 5)<+10V 
SW1 (pin 2) 1 70 nA typ AIN = +2V to -2V, BUFIN = OV and +4.096V 
SW2 (pin 3) 1 70 nA typ AGND = OV, BUFIN = -2V to +2V, +4.096V 
SW3 (pin 1) t 70 nA typ VreFi = +4.096V, BUFIN = -2V to +2V 
ItKg (BUFIN, pin 4) 3 200 nA typ Any 1 of SW1, 2, 3 on 
CONTROL INPUTS (pins 7, 8, 9, 15) 
VINH 3.0 3.0 V min 
VINL 0.8 0.8 V max 
ling OF Linn 1 10 MAmax Vp =O0Vor Vcc 
CLOCK INPUTS (pin 12 and 13) 
Viny (CLK) 3.5 3.5 V min 
VINL (CLK) 0.8 0.8 V max 
VINH (DMC) 3.0 3.0 V min 
VINL (DMC) 0.8 0.8 V max 
linu (CLK) 1.0 LS mA max 
lint (CLK) -1.0 -1.5 mA max 
linn (DMC) 200 300 MA max 
IInL (DMC) -100 -150 LA max 
DIGITAL OUTPUTS 
DO - D5 (pins 22-27) 
VoH 4.5 4.5 V min ISOURCE = 40uA 
VoL 4.0 4.0 V max IsInNK = 5mA (Display Driver Load) 
VoL Sen 0.5 0.8 V max Is INK= 1.6mA (TTL Load) 
B1, B2, B4, B8, DAV, SCC, SCO 
(pins 20, 19, 18, 17, 10, 11, 16) 
Vou 4.0 4.0 V min IsgoURCE = 40uUA 
VoL 0.5 0.8 V max Ig InK = 1.6mA 
DYNAMIC PERFORMANCE . 
DMC Pulse Width 5 5 us min See Figure 3 
DMC Frequency 100 100 kHz max Typical fpmc is 1.5kHz with 
Cpmc = 0.01uF . 
CLK Frequency 1.5 1.5 MHz max 
Propagation Delays 
DMC HIGH to DAV HIGH 5 7 us max See Figure 3 
DMC HIGH to DAV LOW 5 7 bs max 
DMC HIGH to BCD Data on 
B8, B4, B2, Bl 5 5 Ms max 
DMC LOW to Digit Strobe 
(DO -D5) LOW 5 5 bs max 
POWER SUPPLY 
Icc 5 5 mA max During Conversion 
Iss 5 5 mA max During Conversion 
Vcc Range +5 to +17 +5 to +17 Vv See Absolute Maximum Ratings 
Vss Range -5 to -17 -§ to-17 V 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 


VGC-t6 DGND? orig 6 2.4.2 Fw So a ee ek A +17V 
Veet0 DGNDi 5.2 Wis aon gd ed ¢ ada OA eS -17V 
VGC TONGS: cs fateh o-Goo.cadad a4 a eye +22V 
Digital OUtDUIS icc sea el Pee Be hh Vcc, DGND 
Digital Inputs 
DMC (Pin'13), CLK (Pin 12). os.0000 84 a eles Vss, Vcc 
All other Logic Inputs ..... ee eee DGND, +17V 
Analog Inputs/Outputs 
AGND to DGND (Positive Limitation) .... Vcc or Virout* 


AGND to DGND (Negative Limitation).Vsg or VirouT -20VT 
AIN (Pin 2), Vrgri (Pin 1), 


BUFIN (Pin 4) sce ee Soe eR a Vcc, Vss 
IRJCT (Pin 6), IROUT (Pin 5)........ +27V, AGND 
Operating Temperature Range 
AD7555KN (Plastic) «23 sav ane tected 0 to +70°C 
AD7555BD (Ceramic) .............. -25°C to +85°C 
Storage Temperature .............6-. -65°C to +150°C 
Lead Temperature (Soldering, 10s)............. +300°C 
CAUTION: 


ESD (Electro -Static-Discharge) sensitive device. The digital control inputs are zener 
protected; however, permanent damage may occur on unconnected devices subject to high 
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The 
should: be discharged to the destination socket before devices ‘are removed. 


foam 


SYSTEM ELECTRICAL CHARACTERISTICS (Ta = 0 to +45°C) 


Characteristics refer to the system of Figures 6a and 6b. Vcc 
= +5V, Vcc = -5V, Vreri = +4.096V, error count n calibrated 
to zero at Ta = +25°C as described in the calibration section 
unless otherwise noted. Switch leakages and limitations in 
temperature performance of auxiliary components (such as 
the integrating capacitor) cause performance degradations 
above +45°C, 


System Electrical Characteristics 


Power Dissipation (package) 
Plastic (AD7555KN) 


T6450 CG ect ce etek Scie ot eae ee 1200mW 
Derate above 50°C by..........-+0 00 12mW/°C 
Ceramic (AD7555BD) | 
T0450 Cos 055 Cea te wees wee ras 1000mW 
Derate above +50°C by... .... 2.00 ene 10mW/°C 


*Whichever is the least positive. 
+Whichever is the least negative. 


NOTE: 

Do not apply voltages to any AD7555 digital output, AIN or 
VrEFi before Vss and Vcc are applied. Additionally, the 
voltages at AIN, VrgFi Or any digital output must never 
exceed Vcc and Vsg (if an op amp output is used to drive 
AIN it must be powered by the AD7555 Vcc and Vsg supply 
voltages). Do not allow any digital input to swing below 
DGND. Vpp, the external op-amps positive supply voltage, 
should be applied before Vcc. 


WARNING! 
WS 


ESO SENSITIVE DEVICE 


CHARACTERISTIC LIMIT CONDITIONS/COMMENTS 
Resolution 4 1/2 Digit BCD +20,000 Counts 
5 1/2 Digit BCD +200,000 Counts 


(See Note 1) 


+1 Count max 
+10 Count max 


Relative Accuracy 


4 1/2 Digit BCD 
5 1/2 Digit BCD 


(See Notes 1 and 2) 


+1/2 Count max 
+2 Counts max 


Count Uncertainty Due 
to Noise (Flicker) 


. 


4 1/2 Digit BCD 
5 1/2 Digit BCD 


(See Note 1) 


610ms max 
1,760ms max 


Conversion Time 


4 1/2 Digit BCD 
5 1/2 Digit BCD 


(See Note 1) 


NOTES: 
*4 1/2 digit mode; fc_K = 614.4kHz, HREN = LOW, Ry = 360k2 
Cy = 0.22uF 
5 1/2 digit mode; fc, K = 1.024MHz, HREN = HIGH, Ry = 750k 


Cy = 0.22uF 
? Assumes voltage reference (VppFi) TC of Oppm/*C. 
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Applying the AD7555 


ANALOG FUNCTIONS 


AGND | (Pin 3): 
BUFIN | (Pin 4): 
IROUT| (Pin 5): 
IRJCT | (Pin 6): 


LOGIC INPUTS 
COMP (Pin 7): 
HREN | (Pin 8): 


(Pin 13): 


(Pin 12): 


(Pin 15): 


SUPPLY INPUTS 
Vcc (Pin 28): 
Vss (Pin 14): 
DGND | (Pin 21): 


+4.096V Reference Input 

Analog Input Voltage (+2V Full Scale) 
Analog Signal Common Ground 

To External Buffer Amplifier Input 
From Integrator Amplifier Output 

To Integrator Amplifier Summing 


Input from the external comparator. 


High Resolution Enable, determines 
converter resolution 


HREN = LOGIC LOW, Full Scale = 


.£1.9999V (100uV resolution) 


HREN = LOGIC HIGH, Full Scale = 
+1.99999V (10UV resolution) 


Hold Input 

HOLD = LOGIC HIGH, the ADC 
converts and updates the displays 
continuously as per the timing 
diagram of Figure 3. 


HOLD = LOGIC LOW, the ADC is 
reset and conversion is disabled. Data 
from the last complete conversion con- 
tinues to be displayed. To ensure most 
recent data is displayed, HOLD should 
not be taken LOW when DAV is 
HIGH. When HOLD returns HIGH, 

the next leading edge of DMC initiates 
a new conversion. 


Display Multiplexer Clock, can be 
driven from an external logic source, 
or with the addition of an external 
capacitor, will self oscillate. With an 
external capacitor of 10,000pF, DMC 
oscillates at approximately 1.5kHz at a 
5% to 10% duty cycle, suitable for 
display purposes. — 


Clock Input for maximum line rejec- 

tion in the 4 1/2 digit mode; 

50Hz: foLK = 512kHz (= 4.096MHz 
+ 8) 

60Hz: foLK = 614.4kHz (= 4.915MHz 
+ 8) 

50/60Hz: fcCLK = 409.6kHz 
(= 3.2768MHz = 8) 

For maximum line rejection in the 

5 1/2 digit mode; 

50/60Hz, {CLK = 1.024MHz 
(= 4.096MHz = 4) 


Serial Count In. Input to totalizing 
counter in the AD7555. SCI is 
normally connected to SCO for direct 
count totalization. 


Positive Supply Input (+5V) 
Negative Supply Input (-5V) 
Digital Ground 
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LOGIC OUTPUTS i : 


9 


OVERFLOW 


B8 - B1]|(Pins 17 - 


OoOnN A wn BP WwW NH K& CO 


-~ Fe ew OO Oo Oo Oo Oo Oo Sf 


BCD8 - BCD1 output, Active HIGH 
(See table 1) 


10-° digit output, Active LOW in 
5 1/2 digit mode, stays HIGH in 4 1/2 
digit mode 


107* - 107' digit outputs, 
Active LOW 


10° /overflow/polarity output, 
Active LOW 


System conversion complete, goes 
HIGH when conversion is complete, 
returns LOW on comparator crossing 
at end of phase 0 integration period. 


Serial Count Out, a serial output pulse 
train proportional in length to the 
magnitude of AIN. SCO can be 
externally pulled HIGH while DAV 
= HIGH to display the error count 
“‘n” for calibration purposes (see 
calibration section). 


Data Valid — When low, DAV indicates 
that the data being presented on the 
BCD output bus is valid. DAV goes 
high on the first positive edge of DMC 
after a conversion is complete and 
returns low two DMC pulses later. 
When it returns low, the digit counter 
is reset to DO. This is termed the 
MASTER RESET. 


LED DISPLAY 
WHEN USING 7447 
SEGMENT DECODER 


0 0 O _ 
i 
O O 1 ' 
0 1 0 c 
Oo 4.4 = 
wi 
1 0 O ’ 
1 0 J) _ 
1 1 =O i 
= \ 
1 1 1 i 
Fam 
0 0 O = 
0 Oo 1 3 
1 0 0 us 


Table 1. Output Coding 


Quad Slope Theory of Operation 


Component limitations-such as switch leakage, as well as 
operational amplifier offset voltage and bias current (and the 
temperature dependency of these errors), are major obstacles 
when designing high resolution integrating A/D converters. 


The AD7555 however, utilizes a patented guad slope conver- 
sion technique (Analog Devices Patent No. 3872466) to reduce 
the effects of such errors to second order effects. 


Figure 1 shows a simplified quad slope integrator circuit. The 
various inputs AGND (Analog Ground), Vpygri, and AIN 
(Analog Input) are applied in sequence to the integrator via 
switches 1-3 (see Table 2), creating four slopes at the inte- 
grator output (phase 1-4 of Figure 2). If the equivalent sum- 
ming junction voltage Vg is precisely 0.5VpgFy, the phase 1 
and phase 2 integration times are equal, indicating there are 
no input errors. If Vo # 0.5VprF, (due to amplifier offset 
voltage, bias current, etc.), an error count ‘“‘n” is obtained. 
The analog input integration cycle (phase 3) is subsequently 
lengthened or shortened by ‘‘n” counts, depending on 
whether the error was positive or negative. 


Vs swoO 


COMPARATOR 


TO AD7555 
COMP INPUT 


Vs = Vrer2 + Vos + Ipias Ri + ILKGswo Ri 


Figure 1. Simplified Quad Slope Integrator Circuit 


PHASE 4 


PHASEO +HASE1 PHASE 2 (AIN = +FS) 


PHASE 3 


PHASE 4 
—*—— (AIN = 0) 


| 
PHASE 4 (AIN = -FS) —| 


— 4K;t 


$$$ 4k yt 


—<s- too = to1 = to2 = =» tog = (2Ky -n)t to4 =| Nt—ae | 
nee a a (2K, +n-N)t 
j—a——— tog = (2K, +n+Njt 
NOTES: 


1. FOR 4 1/2 DIGIT MODE, K, = 10,240 
t=4X 1/fork, WHERE foix IS CLOCK FREQUENCY AT PIN 12 

2. FOR 5 1/2 DIGIT MODE, K, = 102,400 
t= 2/fo_k, WHERE foix ISCLOCK FREQUENCY AT PIN 12 

3. n= ERROR COUNT DUE TO AMPLIFIER OFFSETS ETC. AND CAN 
BE POSITIVE OR NEGATIVE. 


Figure 2. Quad Slope Integrator Output 


The final effect is to reduce the analog input error terms to 
second order effects. This can be proven by solving the dif- 
ferential equations obtained during the phase 1 through phase 
4 integration periods. Barring third (and higher) order effects, 
the solutions are given in equations 1 and 2. 


AIN 


AIN AGND 

N(AIN>0)= s[ vaerr | | Vaeee ‘|L- a? Veen (1 +2a) | 

3 ee 
Paar earn TERM ERROR 1ERM EQNI 

AIN 1 AGNP ] 
N(AIN <0)= 7 Kr| WN ]-« ToVece = wilt Vous, (1+29) 
e Sa $e yore 
IDEAL TERM ERROR TERM EQN2 
WHERE: 


N = Number of counts appearing at AD7555 Serial 
Count Out pin corresponding to the analog input 
voltage, AIN. 


AIN = Analog Input Voltage to be digitized 


Ky = 40960 counts (4 1/2 Digit Mode) 
409600 counts (5 1/2 Digit Mode) 

AGND = Voltage at AD7555 pin 3 (AGND) measured 
with respect to Vpgry and AIN signal com- 
mon ground. (Ideally, AGND = OV) ; 

2Vs - VREF1 


a is an error term equal to 
q REF1 


Ideally a= 0 when Vs = 0.5VreEF1- 


NOTE: | 
Vs = VREF2 + Vos1 + Vos2 + 1p2R1 + IswoR1 

WHERE: 

VREF2 = 0.5VreEFzi if no error is present 

Vosi1 = Offset voltage of buffer amplifier A1 (required to 


buffer the effect of ARon of SW1 - SW2) 
Vos2 = Offset voltage of integrator amplifier A2 


Ig2R4 = Equivalent integrator amplifier offset voltage due to 


bias current of A2 
Iswo Ry = Equivalent integrator amplifier offset voltage due 
~ to SWO leakage current. 


If AGND = 0, then the error terms of EQN 1 and 2 contain 
only second order effects due toa # 0. Thus, the AD7555 

is a powerful tool which allows high precision system perform- 
ance to be obtained when using only moderate precision op 
amps. 


Other advantages of the quad slope technique include bipolar 
operation using a Single positive voltage reference, and the 
fact that since the comparator propagation delay is constant 
hysteresis effects are eliminated. (This is because the com- 
parator always approaches the zero crossing from the same 
direction). 


Switch 
Closed 


Equivalent 
Input 
Voltage 


Integration Time 


tog = R1Cy 

to1 = Kt 

to2 = (Ky +n)t 
AIN - Vs 93 = (2K, -n)t 
VrREF1 ~ Vs tog = (2K, +ntN)t 
RESET INTEGRATOR 


VreF1 ~ Vs 
AGND - Vs 


VREF1 ~ Vs 


mMIiP wn — © 


Table 2. Integrator Equivalent Input Voltages and 
Integration Times 


ANALOG-TO-DIGITAL CONVERTERS VOL. I, 11-105 


TIMING AND CONTROL 

Figure 3 shows the AD7555 timing. SCC goes HIGH HIGH at the 
end of SCO indicating conversion is complete. DAV goes 
HIGH on the Ist leading edge of DMC after conversion is 
complete. New data is strobed into the data latches (see func- 
tional diagram) on the leading edge of the 2nd DMC. DAV 
returns low on the leading edge of the 3rd DMC. 


BCD data is placed on B1, B2, B4, B8 on the positive edge of 
‘DMC while the digit counter is incremented on the negative 
edges of DMC. 


A reset phase (phase 0) is initiated on the 4th DMC after con- 
version is complete. SCC returns low at the phase 0 comparator 
crossing indicating a conversion start. 


If the DMC oscillator is set up to free run (C8 in Figure 6b 
causes DMC to run at about 1.5kHz), the AD7555 will con- 
tinuously convert and update the displays. 


Externally controlling the generation of DMC pulses provides a 
means of controlling data outputting for computer interface ap- 
plications. Microprocessor Interfacing page illustrates how to 
use this feature to interface the AD7555 to a microprocessor. 


DISPLAY 

The output data format of the AD7555 is multiplexed BCD 
as per the Timing Diagram of Figure 3. The output code for- 
mat is shown in Table 1. 


Overflow causes digit 1 through digit 4 (digit 1 through digit 
5 in 5 1/2 digit mode) to output a BCD 12 (1100). Overflow 
does not affect digit 0. Therefore, a positive overflow is dis- 
played as +/-'+/4'-" and a negative overflow as _/ UUi ure! 
. when using the 7447 seven-segment decoder. 


PRINTED CIRCUIT LAYOUT 
To ensure performance with the system specifications Figures 


ALTERNATIVE SIZE CRYSTAL 


R7—14 200 


7c —--—- 


SAE 


bao} q er. q 
D1. 


7 


} DS6 R14 
f OL707 


| 
' 
' 
| 
I 
I 
t 
\ 
t 
r 
i 


D2 x 
DS4 
DL707 


S3 
OL707 


DL707 


Cato WIRE LINK 


“a 


DS1 
0L701 


2n3702 


Q1-Q6 2N3702 


R1 750k 


+ 
c7 
ee eee ak 10uF 
ee eee ak ete 4.7k 


5a and 5b show the recommended P.C. board layout for the 
AD7555. Figure 4 shows the component overlay for Figure 5a. 


BAV 
1st OMC AFTER SCC 


UPDATE DATA LATCHES TO 
NEW DATA (2nd DMC AFTER SCC) 


PHASE 0 STARTS ON PHASE 0 
4th DMC AFTER SCC COMPARATOR 
CROSSING (SCC 
RETURNS LOW) 


pHASE! 


PHASE 4 
COMPARATOR CROSSING 4 


P HASE 0 


MASTER 
RESET 


77) 
Le) 
5 o.!U!;!;*~«:~‘s—CSR BD? 
Oe a ee ee ee ee es 
rs 
7) 
rE —-------- _-——________ 
o | D3 
51 --------- 
eipoePes ee ee aS dee a 
Ba 
—DATA NOT VALID 
saa aoeee 


GD GD GD Ge 6 C3 3 ee 
—=-OLD TS ea DATA—»> 


Figure 3. Timing Diagram (Self Start DPM Mode) 


ding, XD 


O 
O O 


EXT DMC 


ONO WB WN 


O0000000000000 
00.0 0°0.0°0 00000 0-0 


Figure 4. Component Overlay for Figure 5a 
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Note that a pad already exists on the PCB layout for an AD584LH voltage reference, suitable for 4 1/2 digit operation. 


Hy ac 
Slat 


——— 
——"} 
——"} 


x 


NALOG DEVICES sv. 


AD7555 EVALUATION BOARD 


Figure 5b. Foil Side (Reduced Scale) 
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ANALOG CIRCUIT SET-UP AND OPERATION 

The following steps, in conjunction with the analog circuitry 
of Figure 6a explain the selection of the various component 
values required for proper operation. 


1. Selection of Integrator Components Ry and Cy 
Improper selection of the integrator time constant (time 
constant = R,C;) may cause excessive noise due to the 
integrator output level being too low, or may cause non- 
linear operation if the integrator output attempts to exceed 
the rated output voltage of the amplifier. The integrator 
time constant RyC, must be: 


- (VreFi)(Ka) >RiC > (VREF1)(Kq) 
(fcLk) (7V) (fcLK)(Vpp -5V) - 
Where: 


Vpp is the integrator amplifier positive supply voltage 
foLK is the clock frequency at pin 12 
Kg = 8.2 X 10* (4 1/2 digit mode) 

or 4.0 X 10° (5 1/2 digit mode) 


The integrating capacitor must be a low leakage, low 
dielectric absorption type such as teflon (5 1/2 digit mode), 
polystyrene or polypropylene (4 1/2 digit mode). To mini- 
mize noise injection, the outside foil of C1 must be con- 


AGNO-DGND 
INTERTIE 


O 
AIN 
VRerq 
NOTE 3 { O 


Vrer1 RETURN* 


NOTES: 


nected to the output of the integrating amplifier, not to. 
its summing junction. ae 

The recommended maximum value for R1 in both the 

4 1/2 digit and 5 1/2 digit mode is 750k. Higher values 
may cause noise injection. 


. Determing Conversion Time 


Maximum conversion time occurs when Ayn = -FS and 


" is given by 


4 1/2 DIGIT MODE 
tCONVERT = (325,760)(tcLK) + RiCy 
5 1/2 DIGIT MODE 
CCONVERT = (1,628,800)(tcLK) + RyCy 


Where: 
tcLK = Period of CLK as measured at pin 12 
R,C, = Integrator Time Constant 


. Initial Calibration 


a. Adjust Vppry so that the voltage at pin 1 (Vpgpi) of 
the AD7555 is +4.0960V. 


b. Apply OV to AIN and adjust R5 (Vpyrr2 Adjust) for 
display 0.0000. (See optional calibration procedure 
on the next page for more precise calibration.) 


Vcc SUPPLY 
RETURN 


Vopo = +15V 
e 


1. RyC, VALUES SHOWN ARE FOR 5 1/2 DIGIT MODE. FOR 4 1/2 DIGIT MODE Rj = 360k, Cy = 0.22uF. 
SUITABLE CAPACITORS AVAILABLE FROM COMPONENT RESEARCH CO. INC., 1655 26th STREET, 
SANTA MONICA, CA. 90404. (STOCK NUMBER FOR 0.22uF CAPACITOR !S 011B224KXW). 


2. R4, R6, R15 1% TOLERANCE 


3. FOR 4 1/2 DIGIT MODE USE AD584LH, FOR 5 1/2 DIGIT MODE A TEMPERATURE CONTROLLED 
BURIED ZENER REFERENCE SUCH AS THE LM399H SHOULD BE USED. 


Figure 6a. Analog Circuit Diagram 


APPLICATION HINTS 
1. See Note under Absolute Maximum Ratings for proper 
power sequencing and input/output voltage ratings. 


2. For linear operation the absolute magnitude of AIN cannot 


_- exceed 1/2 Vprry. In no case must AIN be more negative 
than Vss- 
3. Do not leave unused CMOS inputs floating. 


4. Check that integrator components R1 and C1 are chosen as 


per paragraph 1 of the setup and operation section on this 


page and that initial calibration as per paragraph 3 has been 
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accomplished. A resistor value no larger than 750kQ is rec- 
ommended to minimize noise pickup. 


. For optimum normal mode noise rejection, use the crystal 
frequencies shown in the applications section. 


. Inorder for the calibrate mode (on the next page) to display 
the error count properly it can be shown that 
VREF2=VREF1 * 0.4883 
Specifically, for VpEF1 = 4.0960V 
VREF2 22V 


LOGIC AND DISPLAY CIRCUITRY MODIFYING THE FULL SCALE DISPLAY _ 

The AD7555 possesses 4 1/2 digit accuracy with potential for Availability of the SCO and SCI terminals on the AD7555 
5 1/2 digit resolution. Figure 6b shows the logic and display provides flexibility for range-switching and modified data- 
circuitry when operating the AD7555 with this high resolution. format applications. 


For example, in the 5 1/2 digit mode, inserting a +5 counter 
between SCO and SCI provides a full scale count at SCI of 
39,999 counts (199,999 =5). 


Vec = +5V Vec = +5V 


+5V SUPPLY 
DGND. RETURN 
~ 5 
ao B 77) 
28 || 2726 |} 25 |} 20 |] 23] {22]| 21 [{20]] 19 {v8 f 17/16) 


AD7555 


c7 I+ 9 
ee, hs) 
To 

DGND 


C8 0.01pF 


Vie DOGND 


fork = 1.024MHz 


O 
NOTE 1 HREN O 
HOLD 


NOTES: NOTE 4 

1. FOR 4 1/2 DIGIT MODE HREN (PIN 8) = LOGIC LOW 
FOR 5 1/2 DIGIT MODE HREN (PIN 8) = LOGIC HIGH. 

2. SEE CLK PIN DESCRIPTION (PAGE 4) FOR LINE 
REJECTION INFORMATION. 

3. Q6 AND DS6 ARE NOT REQUIRED FOR 4 1/2 DIGIT 
OPERATION. 

4. CALIBRATION CIRCUITRY SHOWN IN FIGURE 7. 


TO DGND 


R2 10M22 


Figure 6b. Logic and Display Circuitry (for 5 1/2 Digit Resolution) 


CALIBRATING THE AD7555 | Figure 7 shows the hardware connections for manual cali- 


When the AD7555 is placed in the calibrate mode, any re- bration. With the switch in the calibrate mode, adjust VpEF2 
sulting error voltage in Vg (summing junction voltage), due (potentiometer R5 as shown in Figure 6a) until the display 
to drift, etc,, will be contained in the resulting display. To reads +b.0480 (+b0.04800 in 5 1/2 digit mode). The AD7555 
display the error SC1 and SCO must be taken HIGH (only is now calibrated to the center of its error correcting range. 


allowable when DAV is HIGH), In the calibrate mode the 
display indicates +6.0480 +n (+6.04800 tn in 5 1/2 digit 
mode) where b indicates a blanked digit and n is a number 
representing the reference input errors, This gives the change 
required in Vpgrr2 (tAVpEF2) for proper calibration (ie., 

n © 0), The exact relationship between n and AVrgr2 can 
be shown to be equal to: 


Return the switch to normal to resume normal conversion. 


AD7555 


(V )n . 
AVREF2 = ne (4 1/2 digit operation) 
V 10n . 
AVREF2 = een (5 1/2 digit operation) 


_ For this capability to operate, |Vppf2| must be 1/2 Vpgpy +2%. 
Figure 7. Hardware Requirements for Manual 
Calibration of n= 0 
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Microprocessor Interfacing 


AD7555 AS A POLLED INPUT DEVICE (MCS-85 SYSTEM) 
Figure 8 shows an AD7555/8085 interface. The DMC clock 
input of the AD7555 is controlled by the CTC OMPUICE via 
an output port of the 8155. 


Typical timing for this interface mode is shown in Figure 9. 
DAV goes HIGH on the 1st DMC leading edge after SCC goes 
HIGH, It returns LOW on the rising edge of the 3rd DMC 
pulse. Digit zero is availabe on B1, B2, B4 and B8 at this time. 
The leading edge of the 4th DMC pulse initiates a new con- 
version and places digit 1 on B1, B2, B4 and B8. 


Table 3 shows a procedure for polling the AD7555. 


8085 AD,., (8) 


B1 OAV 


AD7555 SYSTEM ° 


AS PER FIGURE 
6a AND 6b 


B8 B4 B2 


EABS Gat y 
as ees 7 


Figure 8. AD7555 as a Polled Input Device 


PHASE 4 py re 
COMPARATOR 
CROSSING 


soon a DATA _X__00__X bi X02 X03 X__04 


Figure 9. Timing Diagram for Operation as a Polled 
Input Device (8085/AD7555) 


Put DMC HIGH 
DAV HIGH? 


4 
e) ; 
= <. 


Put DMC LOW Put DMC LOW 
Delay or Put DMC HIGH 
Main Program Put DMC LOW 
Put DMC HIGH 
Put DMC LOW 


Read BCD Data (Digit 0) 
Put DMC HIGH (Initiates 
New Conversion) 

Put DMC: LOW 

Read BCD Data (Digit 1) 
oe Put DMC HIGH 

Put DMC LOW 

Read BCD Data (Digit 2) 


Read BCD Data (Digit 4) 


Table 3. Procedure for Interfacing the AD7555 as a Polled 
Input Device 
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AD7555 AS AN INTERRUPTING INPUT DEVICE 

(MCS-85 SYSTEM) 

The AD7555 DMC oscillator provides DMC pulses until SCC 
(System Conversion Complete) goes high. This causes an inter- 
rupt on the RST 7.5 line whereby the three-state buffer is 
activated and the microprocessor takes control of DMC. Table 
4 shows a procedure for using the AD7555 in this mode. Fig- 
ure 10 shows the basic hookup. 


8085 AD,., (8) 


B2 B1 DAV 
scc 


B8 B84 


TO 8085 
RST 7.5 


AD7555 SYSTEM 


AS PER FIGURE 
6a AND 6b 


OMC 


C8, 0.01yF 
(FIGURE 6b) 
1/47 
TO DGND 


THR EE. STATE 
BUFFE 


Figure 10. AD7555 as an Interrupting Input Device 
(MCS-85 System) 


Interrupt Entry (SCC Goes High Causing Interrupt) 


Enable Three-State Buffer (74126 as Shown in Figure 10) 
Put DMC HIGH 
DAV HIGH? 


Sf Ne 


, Put DMC LOW Put DMC LOW 
Put DMC HIGH 
. DAV LOW? 


Put DMC LOW ~ 

Read BCD Data (Digit 0) 
Put DMC HIGH 

Put DMC LOW 

Read BCD Data (Digit 1) 


oO 
woe ot one 
2 


Read BCD Data (Digit 4) 
Disable Three-State Buffer 
Return to Main Program 


Table 4. Procedure for Interfacing the AD7555 as an Inter- 
rupting Input Device 


OPTO-ISOLATED SERIAL INTERFACE 

Figure 11 shows a serial interface to the MCS-85 system. This 
system can accommodate a remote interface where a common- 
mode voltage is expected to exist between system grounds. The 
8155 counter/timer is only 14 bits long, i.e., it can only count 


down from 2" ; therefore SCO output from the AD7555 (20k 
counts full scale) has to be divided by 2 warn consequent re- 
duction in system resolution. 


Port C of the 8155 is configured as a control port. Port B is 
an input port. This port configuration is necessary if sign infor- 
mation is required. Magnitude information is obtained by 


ISOLATED AD7555 POWER SYSTEM 


+15V TO'OP AMPS AND REFERENCE 


+5V SUPPLY TO 
AD7555 AND 
CLOCK CIRCUITRY 


-5V TO OP AMPS 
re AD7555 


FIGURE 6a = 
AIN Dav | — 


sco | @ | 
sci [4 
, eue SYSTEM SYSTEM 


AGND DGND 


+5V RETURN 


interrogating the 8155 counter value. The rising edge of DAV 
is used to cause an interrupt on the RST 7.5 line. The value 
(26s |AGO |) in the 8155 counter should now be read. 


When ome returns low the 8155 counter is reset to FF y. 
Sign information is checked at this time since Dg BCD data 
is present and stable on the BCD bus (see Figure 9). The B2 
line of the BCD bus is latched into port B by the signal on 

B STB i.e. the falling edge of DAV. This causes a rising edge 
signal on BF (buffer full) to call the 8085 CPU to read the B2 
bit. B2 bit is HIGH for negative data, LOW for positive data. 


MCS-85 POWER SYSTEM 


8085 AD, .7 (8) 
TO 8085 
INTERRUPT INPUTS 
BF PORT 
OPTO aaa \ 
TIMER/ 
aro 
ISOLATOR Pp COUNTER 


SECTION 


10,000 COUNTS 
FULL SCALE 


+15V, -5V RETURN 


NOTE: 


SYSTEM RESOLUTION CAN BE INCREASED BY 
PROVIDING SUFFICIENT COUNTER CAPACITY 


TO TOTALIZE 20k (OR 200k) COUNTS. 


Figure 11. Optically Isolated Serial AD7555/MCS-85 Interface (Full Scale = 10,000 Counts) 
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ANALOG 
DEVICES 


FEATURES 

8-Bit Resolution 

No Missed Codes over Full Temperature Range 
Fast Conversion Time: 15us 

Interfaces to uP like RAM, ROM or Slow - Memory 
Low Power Dissipation: 30mW 

Ratiometric Capability 

Single +5V Supply 

Low Cost 

Internal Comparator and Clock Oscillator 


GENERAL DESCRIPTION 

AD7574 is a low-cost, 8-bit uP compatible ADC which uses 

" the successive-approximations technique to provide acon- - 
version time of 15ys. 


Designed to be operated as a memory mapped input device, 
the AD7574 can be interfaced like static RAM, ROM, or slow 
memory. It’s CS (decoded device address) and RD 
(READ/WRITE control) inputs are available in all uP memory 
systems. These two inputs control all ADC operations such as 
starting conversion or reading data. The ADC output data bits 
use three-state logic, allowing direct connection to the uP data 
bus or system input port. 


Internal clock, +5V operation, on-board comparator and 
interface logic, as well as low power dissipation (30mW) and 
fast conversion time make the AD7574 ideal for most ADC/pP 
interface applications. Small size (18-pin DIP) and monolithic 
reliability will find wide use in avionics, instrumentation, and 
process automation applications. 


— eMos 
uP Compatible 8-Bit ADC 


AD7574 


AD7574 FUNCTIONAL BLOCK DIAGRAM 
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ORDERING INFORMATION 


Temperature Range and Package! 
Differential Nonlinearity Plastic (N18B) | Ceramic (D18B) | Ceramic (D18B ) 
0 to +70°C -25°C to +85°C | -55°C to +125°C 


+7/8LSB AD7574JN AD7574AD? AD7574SD? 
+3/4LSB AD7574KN AD7574BD? AD7574TD? 


See Section 20 for package outline information. 
? Available 100% screened to MIL-STD-883, Class B. To order, add “‘/883B” to 
part number shown. See note 1, next page for details. 


PIN CONFIGURATION voo [i] © [78] OGno 


Vrer L2] P17] cuK 
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08, [9 | 10) 083 


(NOT TO SCALE) 
18-PIN DIP 
TOP VIEW 
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CAUTION: 

ESD (Electro -Static-Discharge) sensitive device. The digital control inputs are zener WARNING! — 
protected; however, permanent damage may occur on unconnected devices subject to high Zs 
energy electrostatic fields. Unused devices must be stored in conductive foam or shunts. The Ae 

foam should be discharged to the destination socket before devices are removed. RED SEN SITINE Devel 


DC SPECIFICATIONS (Vpp =+5V, Vref =- 10V, Unipolar Configuration, 
Rccik = 180k2, Cc_K = 100pF, unless otherwise noted) | 


LIMITS 
PARAMETER oe $25°C. Tomine Tmax’ UNITS CONDITIONS/COMMENTS 
ACCURACY 
Resolution 8 8 Bits 
Relative Accuracy Error 
AD7574JN, AD, SD 43/4 +°/y LSB max 
AD7574KN, BD, TD t'/, tlh LSB max Relative Accuracy and Differential Nonlinearity are measured 
Differential Nonlinearity dynamically using the external clock circuit of Fig. 7b. 
AD7574JN, AD, SD tz +, LSB max Clock frequency is S00kHz (conversion time 15s) 
AD7574KN, BD, TD +3/, +3/, LSB max 
Full Scale Error (Gain Error) Full Scale Error is measured after calibrating out offset error. See | 
AD7574JN, AD, SD +5 +6.5 LSB max Fig. 8a and associated calibration procedure for offset. Max Full 
AD7574KN, BD, TD +3 +4.5 LSB max Scale change from +25°C to Tmin OF Tmax 'S £2 LSB. 
Offset Error? 
AD7574JN, AD, SD +60 +80 mV max Maximum Offset change from +25°C to 
AD7574KN, BD, TD +30 +50 mV max Tmin OF Tmax '8 $20mV. 
Mismatch Between Bogs (pin 3) 
and Aqn (pin 4) Resistances° +1.5 +1.5 % 
ANALOG INPUTS 
Input Resistance 
At Veer (pin 2) 5/10/15 5/10/15 kQ min/typ/max 
At Bogs (pin 3) 10/20/30 10/20/30 = kQQ min/typ/max 
At An (pin 4) 10/20/30 10/20/30 kQ min/typ/max 
Vr_eF (for specified performance) -10 -10 Vv +5% for specified transfer accuracy. 
VREF Range* -5to-15 -Sto-15 Vv: Degraded transfer accuracy. 
Nominal Analog Input Range : 
Unipolar Mode Oro +|VeeFl Vv 
Bipolar Mode -lVreFl to +IVrERl Vv 
LOGIC INPUTS 
RD (pin 15), CS (pin 16) 
VinH Logic HIGH Input Voltage +3.0 +3.0 V min 
VINL Logic LOW Input Voltage +0.8 +0.8 V max 
Ii_—sdEnput Current ed 10 MA max Vin = 9V, Vpp 
Cin Input Capacitance® 5 5 pF max 
CLK (pin 17) . 
Viny Logic HIGH Input Voltage +3.0 +3.0 V min 
Vint Logic LOW Input Voltage -_ +0.4 +0.4 V max 
IinyH Logic HIGH Input Current +2 +3 mA max During Conversion: Vin(CLK)# VINH(CLK) 
ItNp Logic LOW Input Current — ; 1 10 MA max During Conversion: Vin(CLK) © VINL(CLK) 


(see circuit of Fig. 7b if external clock operation is required). 


LOGIC OUTPUTS 
BUSY (pin 14), DB7 to DBg (pins 6 - 13) 


Von Output HIGH Voltage +4.0 +4.0 V min ISOURCE = 40HA 
VoL Output LOW Voltage +0.4 +0.8 V max ISINK = 1.6mA 
It KG DB7 to DBo Floating Stage Leakage 1 10 MA max Vout = 9V or Vpp 
Floating State Output Capacitance (DB7 to DBo)* 7 7 pF max 
Output Code Unipolar Binary, Offset Binary See Figs. 8a, 9a, 10a and 8b, 9b, 10b. 
POWER REQUIREMENTS . . 
Vpp +5 +5 Vv +5% for specified performance. 
I pp (STANDBY) 5 5 mA max AIN = OV, ADC in RESET condition. 
IREF Vr_er divided by 5kQ max Conversion complete, prior to RESET. 
NOTES: 


1 Temperature ranges as follows: JN, KN (0 to +70°C) 
AD, BD (-25°C to +85°C) 
SD, TD (-55°C to +125°C) 
Screening to MIL-STD-883 is available./883B versions are 100% screened to method 5004 for a class B device. Final electrical tests are 
performed to +25°C and +85°C (AD, BD versions) or +25°C and +125°C (SD, TD versions). 
? Typical offset temperature coefficient is +150uV/°C. 
*>RBOFS/RAIN mismatch causes transfer function rotation about positive Full Scale. The effect is an offset and a gain term when using the 
circuit of Figure 9a. 
“Typical value, not guaranteed or subject to test. 
5 Guaranteed but not tested. 


Specifications subject to change without notice. 
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(Vpp = +5V, CcoLK = 100pF, Rei = 180k2 unless otherwise noted) 


AC Specifications — 


LIMIT at LIMIT at LIMIT at ; 
SYMBOL SPECIFICATION ° “ CONDITIONS 
Ta =+25C Ta=Tmin TA = Tmax 
STATIC RAM INTERFACE MODE (See Figure 1 and Table 1) 

tcs CS Pulse Width Requirement 100ns min 150ns min 150ns min 

twscs RD to CS Setup Time 0 min 0 min 0 min 

tCBPD CS to BUSY Propagation Delay 90ns typ 70ns typ 150ns typ BUSY Load = 20pF 
120ns max 120ns max 180ns max 
120ns typ 100ns typ 180ns typ — : 
150nsmax  150ns max 200ns max BuO Losd=100RF 

tBSR BUSY to RD Setup Time 0 min 0 min 0 min 

tBSCS BUSY to CS Setup Time 0 min 0 min 0 min 

tRAD Data Access Time 120ns typ 100ns typ 180ns typ ; a! KE 
150ns max 150ns max 220ns max DBoe DE 7 Hoses 20P 
240ns typ 220ns typ 300ns typ ; 

é = F 

300ns max 300nsmax 400ns max ho. PE eee 1008 

tRHD Data Hold Time 80ns typ 40ns typ 120ns typ 
5Ons min 30ns min 80ns min 
120ns max 80ns max 180ns max 

tRHCS CS to RD Hold Time 250ns max 200nsmax  500ns max 

tRESET Reset Time Requirement 3és min 3us min 3us min 

tCONVERT Conversion Time 

using internal clock oscillator See typical data of Figure 7a 
tCONVERT Conversion Time fcLK = 500kHz 


using external clock 


15s 


ROM INTERFACE MODE (See Figure 2 and Table 2) 


15us 


15us circuit of Figure 7b 


tRAD Data Access Time Same as RAM Mode 
tRHD Data Hold Time Same as RAM Mode 
aes — $ 
tWBPD RD HIGH to BUSY 400ns typ 350ns typ lps typ } sow ? : : 
Propagation Delay 1.5us max 1.0usmax = 2.0u’s max BUSY, Eoads= 20pF 
tBSR BUSY to RD LOW Setup Time RD can go LOW prior to BUSY = HIGH, but must not 
return HIGH until BUSY = HIGH. See Table 2 
CCONVERT Conversion Time See typical data of Figure 7a. Add 2ys to 


using internal clock oscillator 


data shown in Figure 7a for ROM Mode 
SLOW — MEMORY INTERFACE MODE (See Figure 3 and Table 3) 


tCBPD CS to BUSY Propagation Delay Same as RAM Mode 
tRESET . _ Reset Time Requirement Same as RAM Mode 
tRAD Data Access Time Same as RAM Mode 
tRHD Data Hold Time Same as RAM Mode 


CCONVERT Conversion Time 


Same as RAM Mode 


ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range 


INCKN ol ahaa anaes ese ee ee ee 0°C to +70°C 
VpDtoAGND ...- ce ee ee ee OV, +7.0V Die: 5 Seen eee Na hie arate Te are oy . -25°C to +85°C 
VpptoDGnp....-... es ee ee eee OV, +7.0V SDT cals 2 aur Sane ee ee -55°C to +125°C 
AGND tO DGND- 32 ee sok eis BS Se ee ERS -0.3V, Vpp Storage Temperature Range. .............. -65°C to +150°C 
Digital Input Voltage to DGNp Lead Temperature (soldering, 10 secs.).. 2... 2.2.22. ee ee +300°C 
(pinis 15 and’ 1G) ie 5. ke te don & Bea Os weave -0.3V, +15.0V Power Dissipation (Package) 
Digital Output Voltage to DGND Plastic (suffix N) 

(BINS.6 214) oie oe aie ge a eee ee OY -0.3V, Vpp to+70°C..... Oe ee ee ee 670mW 
CLK Input Voltage (pin 17) toDGNp......-...-.- -0.3V, Vpp Derate above 470 C bY as ene a Ged baw es 8.3mw/ C 
VRE (PIN) 50-5 a hie Foe ee eR REY ORS eS +20V Ceramic (suffix D) 

VBORS (Pil3)).2.2 es ei oe EG Oe ER +20V to+75°C..... Sees 450mW 
NAINAPINGS): £9. ie Bn eee Grd dee eee Se +20V Derate above +75 Cby..........-.-.2-208- 6mW/ C 
TERMINOLOGY 


RESOLUTION: Resolution is a measure of the nominal analog change 
required for a 1 - bit change in the A/D converter’s digital output. While 
normally expressed in a number of bits, the analog resolution of an 
n- bit unipolar A/D converter is (2—")(Vpygr). Thus the AD7574, an 
8 - bit A/D converter, can resolve analog voltages as small as 
(/r56 )(VpER) when operated in a unipolar mode. When operated in a 
bipolar mode, the resolution is (4/128 )(Vpff). Resolution does not 
imply accuracy. Usable resolution is limited by the differential nonlin- 
earity of the A/D converter. 


RELATIVE ACCURACY: Relative accuracy is the deviation of the ADC’s 
actual code transition points from a straight line drawn between the 


device’s measured zero and measured full scale transition points. Rel- 
ative accuracy, therefore, is a measure of code position. 


DIFFERENTIAL NONLINEARITY: Differential nonlinearity in an ADC 
is a measure of the size of an analog voltage range associated with any 
digital output code. As such differential nonlinearity specifies code 
width (usable resolution). An ADC with a specified differential nonlin- 
earity of tn bits will exhibit codes ranging in width from 1LSB-nLSB 
to 1LSB+nLSB. A specified differential nonlinearity of less than 
+1LSB guarantees no - missing - codes operation. 
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TIMING & CONTROL OF THE AD7574 _ 


STATIC RAM INTERFACE MODE 
Table 1 and Figure 1 show the truth table and timing require- 
ments for AD7574 operation as a static RAM. 


A convert start is initiated by executing a memory WRITE 
instruction to the address location occupied by the AD7574 
(once conversion has started, subsequent memory WRITES 
have no effect). A data READ is performed by executing a 
memory READ instruction to the AD7574 address location. 


BUSY must be HIGH before a data READ is attempted, i.e. 
the total delay between a convert start and a data READ must 
be at least as great as the AD7574 conversion time. The delay 


MEMORY WRITE NOP OR OTHER INSTRUCTIONS MEMORY READ MEMORY WRITE 
TO AD7S74 AOORESS UNTIL YY 1S HIGH TO AD7574 ADORESS TO AD7$74 ADORESS 
t 


es cs 


ee 


‘esr i ‘anes 


MICROPROCESSOR 
OPERATION 


6 tpn 15) 


BUSY ton 14) 


08, to DBy 
(pens 6 13) 


Figure 1. Static RAM Mode Timing Diagram 


can be generated by inserting NOP instructions (or other 
program instructions) between the WRITE (start convert) and 
READ (read data) operations. Once BUSY is HIGH (conver- 
sion complete), a data READ is performed by executing a 
memory READ instruction to the address location occupied 
by the AD7574. The data readout is destructive, i.e. when RD 
returns HIGH, the converter is internally reset. 


The RAM interface mode uses distinctly different commands 
to start conversion (memory WRITE) or read the data (memory 
READ). This is in contrast to the ROM mode where a memory 
READ causes a data READ and a conversion restart. 


7574 INPUTS AD7574 OUTPUTS : 
BUSY DBy- DBg AD7574 OPERATION 


HIGH Z WRITE CYCLE (START CONVERT) 
HIGH Z > DATA | READ CYCLE (DATA READ) 
DATA > HIGH Z | RESET CONVERTER 


NOT SELECTED 
NO EFFECT, CONVERTER BUSY 
NO EFFECT, CONVERTER BUSY 
NOT ALLOWED, CAUSES 

INCORRECT CONVERSION 


A 


o 


nd=afhesla 


reexieeer]| Dy 


Note 1: If RD goes LOW to HIGH when CS is LOW, the ADC is 
internally reset. RD has no effect while CS is HIGH. 


See application hint No. 1. 


Table 1. Truth Table, Static RAM Mode 


ROM INTERFACE MODE 
Table 2 and Figure 2 show the truth table and timing require- 
ments for interfacing the AD7574 like Read Only Memory. 


CS is held LOW and converter operation is controlled by the 
RD input. The AD7574 RD input is derived from the decoded 
device address. MEMRD should be used to enable the address 
decoder in 8080 systems. VMA should be used to enable the 
address decoder in 6800 systems. A data READ is initiated by 
executing a memory READ instruction to the AD7574 address 
location. The converter is automatically restarted when RD 


MICROPROCESSOR 


MEMORY READ MEMORY READ 
TO AO7574 ADORESS NOP OR OTHER INSTRUCTIONS TO 407576 ADDRESS 


KB (pn 15) 


BUSY tom 14) 


087 08 
(one 6 131 


Figure 2. ROM Mode Timing Diagram (CS Held LOW) 


returns HIGH. As in the RAM mode, attempting a data READ 
before BUSY is HIGH will result in incorrect data being read. 


The advantage of the ROM mode is its simplicity. The major 
disadvantage is that the data obtained is relatively poorly 
defined in time inasmuch as executing a data READ auto- 


‘matically starts a new conversion. This problem can be over- 


come by executing two READSs separated by NO-OPS (or 
other program instructions) and using only the data obtained 
from the second READ. 


AD7574 INPUTS AD7574 OUTPUTS 
AD7574 OPERATION 
HIGH Z ~>DATA | DATA READ 
ATA > HIGH Z | RESET AND 
START NEW CONVERSION 


HIGH Z 
HIGH Z 


NO EFFECT, CONVERTER BUSY 
NOT ALLOWED, CAUSES 
INCORRECT CONVERSION 


Table 2. Truth Table, ROM Mode 


SLOW -MEMORY INTERFACE MODE 

Table 3 and Figure 3 show the truth table and timing require- 
ments for interfacing the AD7574 as a slow-memory. This 
mode is intended for use with processors which can be forced 
into a WAIT state for at least 12ps (such as the 8080, 8085 
and SC/MP). The major advantage of this mode is that it 
allows the uP to start conversion, WAIT, and then READ data 
with a single READ instruction. 


In the slow- memory mode, CS and RD are tied together. It is 
suggested that the system ALE signal (8085 system) or SYNC 
signal (8080 system) be used to latch the address. The decoded 
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device address is subsequently used to drive the AD7574 CS 
and RD inputs. BUSY is connected to the microprocessor 


-READY input. 


When the AD7574 is NOT addressed, the CS and RD inputs 
are HIGH. Conversion is initiated by executing a memory 
READ to the AD7574 address. BUSY subsequently goes LOW 
(forcing the uP READY input LOW) placing the uP in a WAIT 
state. When conversion is complete (BUSY is HIGH) the uP 
completes the memory READ. 


Do not attempt to perform a memory WRITE in this mode, 
since three - state bus conflicts will arise. 


Timing & Control of the AD7574 [(cont.) 


DEVICE | AD7574 INPUTS AD7574 OUTPUTS 


micRoPROcesson RGre | AD7574 ADDRESS (uP IN WAIT |cOMPLETES| NOT : 
OPERATION seLECTED| STATE WHILE 1S LOW) _|MEM READ | SELECTED CS & RD DB7-DBy AD7574 OPERATION 
f tREseT 
Sah | | ; se . NOT SELECTED 
(PINS 15 AND 16) _ Hiwl HIGH 7. START CONVERSION 
: “we scomvent | | i ig : LP IN WAIT STATE 
HIGH Z DATA | CONVERSION COMPLETE, 


UP READS DATA 


BUSY (PIN 14) f i \ 


USY 

H 

L. HIGH Z CONVERSION IN PROGRESS, 
—_- 

i 

H 


nao os to DATA HIGH Z| CONVERTER RESET 
p AND DESELECTED 

0B7-DBo 

(PINS 6-13) "Uf yu, fff { vara ) UV; HIGH Z HIGH Z NOT SELECTED 


Figure 3. Slow Memory Mode Timing Diagram Table 3. Truth Table, Slow Memory Mode 
(CS and RD Tied Together) 


GENERAL CIRCUIT INFORMATION 


BASIC CIRCUIT DESCRIPTION 


The AD7574 uses the successive approximations technique to Each successively smaller bit is tried and compared to Ayq in 
provide an 8 - bit parallel digital output. The control logic was thts manner until the least significant bit (LSB) decision has . 
designed to provide easy interface to most microprocessors. been made. At this time BUSY goes HIGH (conversion is com- 
Most applications require only passive clock components (R & plete) indicating the successive approximation register contains 
C), a-10V reference, and +5V power. a valid representation of the analog input. The RD control (see 


the previous page for details) can then be exercised to activate. 
the three-state buffers, placing data on the DBg - DB7 data 
output pins. RD returning HIGH causes the clock oscillator to 
Ain Bors run for 1 cycle, providing an internal ADC reset (i.e. the SAR 
Js_J2 is loaded with code 10000000). 


8-BIT OAC 


SUCCESSIVE 
APPROXIMATION 
REGISTER 


INTERFACE 
& CONTROL 
LOGIC 


Voo VREF 
‘eo 


DAC CIRCUIT DETAILS | 


O Agno DAC. Figure 5 shows the functional diagram of the DAC as 
used in the AD7574. It consists of a precision Silicon Chrom- 
ium thin film R/2R ladder network and 8 N-channel MOS- 
FET switches operated in single - pole - double - throw. 


The currents in each 2R shunt arm are binarily weighted, 1.e. 
the current in the MSB arm is Vprr divided by 2R, in the 
second arm is VyrrR divided by 4R, etc. Depending on the 
DAC logic input (A/D output) from the successive approx- 
imation register, the current in the individual shunt arms is 
steered either to AGNp Or to the comparator summing point. 


www ew ww eM ew ew eM ee wee ewe we ew KH -— 


CLK Ogno 


Figure 4. AD7574 Functional Diagram 


AIN Bors 
() O 


Figure 4 shows the AD7574 functional diagram. Upon 
receipt of a start command either via the CS or RD pins 

for Control Logic and Timing Details), BUSY goes low 
indicating conversion is in progress. Successive bits, starting 
with the most significant bit (MSB), are applied to the input of 
a DAC. The comparator determines whether the addition of 
each successive bit causes the DAC output to be greater than 
or less than the analog input, Ayn. If the sum of the DAC bits 
is less than Ayn, the trial bit is left ON, and the next smaller 
bit is tried. If the sum is greater than Ayn, the trial bit is 3 
turned OFF and the next smaller bit is tried. Figure 5. D/A Converter As Used In AD7574 


cae COMPARATOR 
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The current weighting D/A converter is a precision multiplying — 


ae. ee 


OPERATING THE AD7574 


APPLICATION HINTS 


1. TIMING & CONTROL 
In the AD7574 when a conversion is finished the fresh data 
must be read before a new conversion can be started, 
Failure to observe the timing restrictions of Figures 1, 2 or 3 may 
cause the AD7574 to change interface modes. For example, in the 
RAM mode, holding CS LOW too long after RD goes HIGH will 
cause a new convert start (i.e. the converter moved into the ROM 
mode). 


2. LOGIC DEGLITCHING IN uP APPLICATIONS 
Unspecified states on the address bus (due to different rise and fall 
times on the address bus) can cause glitches at the AD7574 CS or 
RD terminals. These glitches can cause unwanted convert starts, 
reads, or resets. The best way to avoid glitches is to gate the address 
decoding logic with RD or WR (8080) or VMA (6800) when in the 
ROM or RAM mode. When in the slow-memory mode, the ALE 
(8085) or SYNC (8080) signal should be used to latch the address. 


3. INPUT LOADING AT Vr_ef, AIN AND Bogs 
To prevent loading errors due to the finite input resistance at the 
VREF: AIN Or Bogs pins, low impedance driving sources must be 
used (i.e. op amp buffers or low output - Z reference). 


4. RATIOMETRIC OPERATION 
Ratiometric performance is inherent to A/D converters such as the 
AD7574 which use a multiplying DAC weighting network. However, 


CLOCK OSCILLATOR 

The AD7574 has an internal asynchronous clock oscillator 
which starts upon receipt of a convert start command, and 
ceases oscillating when conversion is complete. 


The clock oscillator requires an external R and C as shown in 
Figure 6. Nominal conversion time versus Rcy x and Ccz x is 
shown in Figure 7a. The curves shown in Figure 7a are applic- 
able when operating in the RAM or slow- memory interface 
modes. When operating in the ROM interface mode, add 2s 
to the typical conversion time values shown. 


The AD7574 is guaranteed to provide transfer accuracy to 
published specifications for conversion times down to 15uys, 
as indicated by the unshaded region of Figure 7a. Conversion 
times faster than 15s can cause transfer accuracy degradation. 


OPERATION WITH EXTERNAL CLOCK > 

For applications requiring a conversion time close to or equal 
to 15ys, an external clock is recommended. Using an external , 
clock precludes the possibility of converting faster than 15s 
(which can cause transfer accuracy degradation) due to temp- 
erature drift — as may be the case when using the internal 
clock oscillator. 


Figure 7b shows how the external clock must be connected. 
The BUSY output of the AD7574 is connected to the three- 
state enable input of a 74125 three-state buffer. Rj is used as 
a pullup, and can be between 6kQ2 and 100kQ. A 500kHz 
clock will provide a conversion time of 15ys. 


The external clock should be used only in the static- RAM or 
slow - memory interface mode, and not in the ROM mode. 


Timing constraints for external clock operation are as follows: 


STATIC RAM MODE 

1. When initiating a conversion, CS should go LOW on a pos- 
itive clock edge to provide optimum settling time for the 
MSB. 

2. A data READ can be initiated any time after BUSY = 1. 

SLOW - MEMORY MODE 

1. When initiating a conversion, CS and RD should go LOW 
on a positive clock edge to provide optimum settling time 
for the MSB. 
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the user should recognize that comparator limitations such as offset 
voltage, input noise and gain will cause degradation of the transfer 
characteristics when operating with reference voltages less than 
-10V in magnitude. 


. OFFSET CORRECTION 


Offset error in the transfer characteristic can be trimmed by off- 
setting the buffer amplifier which drives the AD7574 A,n pin (pin 
4). This can be done either by summing a cancellation current into 
the amplifier’s summing junction, or by tapping a voltage divider 
which sits between Vpp and Vr_er and applying the tap voltage to 
the amplifier’s positive input (an example of a resistive tap offset 
adjust is shown in Figure 10a where Rg, Rg and Rjg can be used to 
offset the ADC). 


. ANALOG AND DIGITAL GROUND 


It is recommended that AGNp and Dgnp be connected locally to 


prevent the possibility of injecting noise into the AD7574. In 
systems where the AGND-Dgnp intertie is not local, connect 


back - to - back diodes (IN914 or equivalent) between the AD7574 
AGND and Denp pins. 
INITIALIZATION AFTER POWER — UP 

Execute a memory READ to the AD7574 address location, and 
subsequently ignore the data. The AD7574 is internally reset when 
reading out data, i.e. the data readout is destructive. 


Voo (+5V) 


(TOP VIEW) 


OGno 


Figure 6. Connecting Rc, K and Cc, K To CLK Oscillator 


CONVERSION TIME (us) 


AMBIENT TEMPERATURE (°Celcius) 


Figure 7a. Typical Conversion Time vs. Temperature 

For Different Ro, K and CcLK 

(Applicable to RAM and Slow-Memory Modes. For ROM 
Mode add 2uys to values shown) 


Voo (+5v) 


EXTERNAL CLOCK IN 
(500kHz MAX) 


IW O 
BK % 74125 
THREE - STATE BUFFER 


Figure 7b. External Clock Operation 
(Static RAM and Slow- Memory Mode) 


UNIPOLAR BINARY OPERATION 


Figures 8a and 8b show the analog circuit connections and 
typical transfer characteristic for unipolar operation. An 
AD584 is used as the -JOV reference. 


Calibration is as follows: 


OFFSET 

Offset must be trimmed out in the signal conditioning cir- 
cuitry used to drive the signal input terminals shown in Figure 
8a. An example of an offset trim is shown in Figure 10a, 
where Rg, Rg and Ryg comprise a simple voltage tap which is 
applied to the amplifier’s positive input. 


1 ADS84 
: REFERENCE 


ANALOG 
SUPPLY RETURN 


DIGITAL 
SUPPLY RETURN 


Note 1: Ry and R92 can be omitted if 
gain trim is not required - 


Figure 8a. AD7574 Unipolar (OV to +10V) Operation 
(Output Code is Straight Binary) 


1. Apply -39.1mV (1 LSB) to the input of the buffer ampli- 
fier used to drive Ry (i.e. +39.1mV at Rj). x 

2. While performing continuous conversions, adjust the offset 
potentiometer (described above) until DB7-DB, are LOW 
and the LSB (DB ) flickers. 

GAIN (FULL SCALE) 

Offset adjustment must be performed before gain adjustment. 

1. Apply -9.961V to the input of the buffer amplifier used to 
drive Ry (i.e. +9.961V at Ry). 

2. While performing continuous conversions, adjust trim pot 
R» until DB7- DB, are HIGH and the LSB (DBo) flickers. 


OuTPUT 


CODE FULL SCALE OT ae : 


VNVNTTT 
eee cp 
1419001 


euwanenve 
x 


00000011 


ee 
0 040 080 = 120 9920 9960 10 000 


INPUT VOLTAGE. VOLTS 
(REFERRED TO ANALOG GROUND PINS OF AD7574: 


Note: Approximate bit weights are shown for illustration. 
Nominal bit weight for a -10V reference is + 39.1mMV 


Figure 8b. Nominal Transfer Characteristic For Unipolar 
Circuit of Figure 8a 


BIPOLAR (OFFSET BINARY) OPERATION 


Figures 9a and 9b illustrate the analog circuitry and transfer 
characteristic for bipolar operation. Output coding is offset 
binary. As in unipolar operation, offset correction can be per- 
formed at the buffer amplifier used to drive the signal input 
terminals of Figure 9a (Resistors Rg, Rg and Ryg in Figure 


10a show how offset trim can be done at the buffer amplifier). 


Calibration is as follows: ; | 

1. Adjust Rgé and R7 for minimum resistance across the 
potentiometers. . 

2. Apply +10.000V to the buffer amplifier used to drive the 
signal input (i.e. -10.000V at Rg). 


3. While performing continuous conversions, trim R¢ or R7 
(whichever required) until DB7- DB, are LOW and the LSB 
(DBo) flickers. 


GROUND 
GROUND INTERTIE 


GAIN TRIM! 


ANALOG OIGITAL 
SUPPLY RETURN SUPPLY RETURN 


Note 1: Ry and R92 can be omitted if 
gain trim is not required 


Figure 9a. AD7574 Bipolar (-10V to +10V) Operation 
(Output Code is Offset Binary) 


4. Apply OV to the buffer amplifier used to drive the signal 
input terminals. 

5. Doing continuous conversions, trim the offset circuit of the 
buffer amplifier until the ADC output code flickers 
between 01111111 and 10000000. 


6. Apply +10.000V to the input of the buffer amplifier 
(i.e. -10.000V as applied to Ré). 


7. Doing continuous conversions, trim Rz until DB7-DBy are 
LOW and the LSB (DBo) flickers. 


8. Apply -9.922V to the input of the buffer amplifier (1.e. 
+9.922V at the input side of R¢). 


9. If the ADC output code is not 11111110 +1 bit, repeat the 
calibration procedure. 
ty 
10000100 
ene 
ro0nc0t0 
‘aond} 
10000000 
onnsniat 
01119990 
ortitet 
aiatien 


01999091 
-400 -320 -240 -160 -80 0 
INPUT VOLTAGE, MILLIVOLTS 
(REFERRED TO ANALOG GROUND! 


+80 +160 ¢240 +320 +400 


Note: Approximate bit weights are shown for illustration. 
Nominal bit weight for + 10V full scale is + 78.1mV 


Figure 9b. Nominal Transfer Characteristic Around 
Major Carry for Bipolar Circuit of Figure 9a 
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OPERATING THE AD7574 
BIPOLAR (COMPLEMENTARY OFFSET 


_, BINARY) OPERATION | 


Figure 10a shows the analog connections for complementary 
offset binary operation. The typical transfer characteristic is 
shown in Figure 10b. In this bipolar mode, the ADC is fooled 
into believing it is operated in a unipolar mode - i.e. the +10V 
to -10V analog input is conditioned into a 0 to +10V signal 
range. R is the gain adjust, while Rg is the offset adjust. 


Calibration is as follows (adjust offset before gain): 


OFFSET 
1. Apply OV to the analog input shown in Figure 10a. 


Notes: 
1. 


2. 


3. R6||Rgl|R10 = 5kQ. If Rg, Rg and R4Q not used, make Rg = 5k2 


Rp 2k 
GAIN ADJ! 


0 to +10V 
a 10%! 


Rg 27k 5%2 


AOD7574 
(TOP VIEW) 


*10V to - 10V, aay 


ANALOG 


Rg 20k 
OFFSET ADJ2 © COMMON 


=O -10V REF 
Ryo 56k 5%2 


DIGITALY 7 


ANALOG 
SUPPLY RETURN SUPPLY RETURN 


R41 and RQ can be omitted if gain trim is not required 
Rg, Rg and R19 can be omitted if offset trim is not required 


Figure 10a. AD7574 Bipolar Operation (-10V to +10V) 
(Output Code is Complementary Offset Binary) 
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2. While performing continuous conversions, adjust Rg until 


the converter output flickers between codes 01111111 and 


GAIN (FULL SCALE) 


ke 


Apply -9.922V across the analog input terminals shown in 


. While performing continuous conversions, adjust Ry until 
DB- - DB, are HIGH and the LSB (DB ) flickers between 
HIGH and LOW. 


OuTPuT 
01999091 


01111100 
01919101 
01911910 
Ove 
10000000 
10000001 
10000010 
10000011 
10000100 
10000101 
400 -320 -240 -160 -80 0 +80 +160 *240 +320 +400 


INPUT VOLTAGE, MILLIVOLTS 
(REFERRED TO ANALOG GROUND. PIN 5 OF AD7574) 


Note: Approximate bit weights are shown for illustration. Nominal 
bit weight for +10V full scale is + 78.1mV 


Figure 10b. Nominal Transfer Characteristic Around Major 
Carry for Bipolar Circuit of Figure 10a 
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ANALOG GMOS 
DEVICES uP Compatible 8-Bit 8-Channel DAS 


AD 7981 


FEATURES 

8-Bit Resolution 

On-Chip 8 X 8 Dual-Port Memory 

No Missed Codes Over Full Temperature Range 
Interfaces Directly to Z80/8085/6800 
CMOS, TTL Compatible Digital Inputs 
Three-State Data Drivers 

Ratiometric Capability 

Interleaved DMA Operation 

Fast Conversion 

A/D Process Totally Transparent to uP 
Low Cost 


GENERAL DESCRIPTION 

The AD7581 is a microprocessor compatible 8 bit, 8 channel, 
memory buffered, data-acquisition system on a monolithic 
CMOS chip. It consists of an 8 bit successive approximation 
A/D converter, an 8 channel multiplexer, 8 X 8 dual-port 
RAM, three-state DATA drivers (for interface), address latches 
and microprocessor compatible control logic. The device inter- 
faces directly to 8080, 8085, Z80, 6800 and other micro-. 
processor systems. . . 


The successive approximation conversion takes place on a 
continuous, channel sequencing, basis using microprocessor 
control signals for the clock. Data is automatically transferred 
to its proper location in the 8 X 8 dual-port RAM at the end 
of each conversion. When under microprocessor control, a 
READ DATA operation is allowed at any time for any channel 
since on-chip logic provides interleaved DMA. The facility to 
latch the address inputs (Ag - Az) with ALE enables the 
AD7581 to interface with uP systems which feature either 
shared or separate address and data buses. 


ORDERING INFORMATION 


Temperature Range 
0 to +70°C -25°C to +85°C 


Differential 
Nonlinearity 


+1 7/8LSB AD7581JN AD7581AD 
+7/8LSB AD7581KN AD7581BD 
+3/4LSB AD7581LN AD7581CD 


PACKAGE IDENTIFICATION! 
Suffix D: Ceramic DIP — (D28B) 
Suffix N: Plastic DIP — (N28A) 


* See Section 20 for package outline information. 


-AD7581 FUNCTIONAL BLOCK DIAGRAM 


DATA 
MEMORY 


DB7 - DBO 


DATA OUT 
(20 - 27) 


REE 
|} ~=ADDRESS 
ae 


CONTROL LOGIC LATCHES : 
bs ee 


cs DGND CLK STAT ALE AO Al A2 


PIN CONFIGURATION 


AD7581 
TOP VIEW 
(NOT TO SCALE) 
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DC SPECIFICATIONS (Vpp =+5V, Vref =-10V, Unipolar Operation, unless otherwise stated) 


. Typical at Limit Over 
Parameter Version! +25°C Temperature Units Conditions/Comments 
ACCURACY | 
Resolution All — 8 8 Bits 
Relative Accuracy JN, AD +1 7/8 +1 7/8 max LSB 
. KN, BD +3/4 +3/4 max LSB 
LN, CD +1/2 1/2 max LSB 
Differential Nonlinearity JN, AD +1 7/8 +1 7/8 max LSB 
KN, BD +7/8 +7/8 max LSB 
LN, CD +3/4 +3/4 max LSB 
Offset Error? JN, AD 200 200 max mV Adjustable to zero, See Figure 7a. 
KN, BD 80 80 max mV 
LN, CD 50 50 max mV 
Gain Error 
Worst Channel JN, AD +3 +6 max LSE. Adjustable to zero, see Figure 7a. 
KN, BD +2 +4 max LSB Gain Error is Measured After Offset 
LN, CD +1 +2 max LSB Calibration. Max Full Scale Change 
for Any Channel from +25°C to 
T nin Of Tmax iS t2LSB. 
Gain Match Between Channels JN, AD 2 3 max LSB Adjustable to zero, see Figure 7a. 
KN, BD 1 1/2 2 max LSB 
LN, CD 1 1 max LSB 
Bors Gain Error All -2 1/2 sa LSB 
ANALOG INPUTS 
Input Resistance . y 
At Vr_er (pin 10) All 10/20/30 10/20/30 kQ min/typ/max 
At Bors (pin 1)? All 10/20/30 10/20/30 kQ min/typ/max 
At Any Analog Input (pins 2-9) All 10/20/30 10/20/30 kQ2 min/typ/max 
Veer (For Specified Performance) All -10 -10 V +5% 
VreF Range All -5 to -15 -5 to -15 V 
Nominal Analog Input Range 
Unipolar Mode All Oto+VrpeF, Oto+Vepr V See Figure 7 and 8. 
Oto-VpeF Oto-Vepr V 
Bipolar Mode All -VBors S VAw <|VreFl-VBors See Figure 9 
DIGITAL INPUTS 
CS (pin 13), ALE (pin 16), Ag - Az 
(pins 17-19), CLK (pin 15) 
Viny Logic HIGH Input Voltage All +2.2 +2.4 min V 
ViINL Logic LOW Input Voltage _— All +0.4 +0.8 max Vv 
lin Input Current All 0.01 1 max LA Vin = OV, Vpp 
Cin Input Capacitance® All 4 5 max pF 
DIGITAL OUTPUTS 
STAT (pin 12), DB7 to DBg (pins 20-27) 
Von Output HIGH Voltage All +4.8 +4.5 min V IsSOURCE = 40UA 
VoL Output LOW Voltage All +0.4 +0.6 max V IsINK = 1.6mA 
ILKG DB7 to DBo Floating State 
Leakage All » 0.3 10 max MA 
Floating State Output Capacitance 
(DB7 - DBg) All 5 10 max pF ‘VouT = OV to Vpp 
Output Code All Unipolar Binary Figure 7 
Complementary Binary Figure 8 
Offset Binary Figure 9 
POWER REQUIREMENTS 
Vpp All +5 +5 Vv 
Ipp — Static All 3 typ 5 max mA 
Ipp ~ Dynamic All 3 typ 8 max mA foLK = 1MHz 


Notes: 


1 Temperature range as follows: JN, KN, LN (0 to +70°C), AD, BD, CD (-25°C to +85°C). 

2 Typical offset temperature coefficient is +150uV/°C. 

> Rpors/Rayn (0-7) mismatch causes transfer function rotation about positive full scale. The effect is an offset 
and a gain term when using the circuits of Figure 8a, and Figure 9a. 

“Typical value, not guaranteed or subject to test. 

5 Guaranteed but not tested. 

6 Typical change in Bogs gain from +25°C to Tmin to Tmax is +2 LSB’s. 


Specifications subject to change without notice. 
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‘AC SPECIFICATIONS (Vpp=+5V, VREF = -10V, Unipolar Operation, unless otherwise noted) 


Typical at Limit Over 
one Specification +25°C Temperature _ Units Conditions 
ty ALE pulse width 50 80 min ns See “Switching Terminology” 
tats Address valid to latch set-up time 45 70 min ns 
tarH Address valid to latch hold time 10 20 min ns 
tLcs Address latch to CS set-up time 10 20 min ns 
tacc _ CS to output propagation delay 200 250 max ns Cy, = 100pF 
tcw CS pulse width 250 © 280 min ns 
tcr CS to output float propagation delay 50 . 80 max ns 
tciz CS to low impedance bus 100 150 max ns 
fork Clock frequency for stated accuracy 1600 1200 max! kHz 


1 Guaranteed conversion time of 66.6us/channel with 1200kHz clock. 
ABSOLUTE MAXIMUM RATINGS 


Vip toAGND. «245s nce Rita ote our sb8eks +7V AD. BD: CD: 4.045. nace ot tataeanked -25°C to +85°C 
Vpp to: DGND > 54:6. 9 a8 oe ws, We Be ew ak SS +7V Storage Temperature... .....00 ee eeee -65°Cto +1 50°C 
AGND t0 DGND 3 0.44) 6 9s 6 Woe Ae ee Ses -0.3V, Vpp Lead Temperature (Soldering, 10 secs) .......... +300 C 
Digital Input Voltage to DGND : 
(Bins 1316219) nu so Make ye ne he Sry s +15V Power Dissipation (Package) | 
Digital Output Voltage to DGND Plastic (Suffix N) . 
(pins 12; 20-27) 4 us cc ct hohe an eeReade -0.3V, Vpp 10490 Cie ou ho hn eet tae a GRA 1200mW 
CLK (pin 15) input voltage to DGND............. +15V Derate above +70 C by... .... cece cece nnes 12mW/°C 
Veer (pin 10) to AGND. .... 0... eee eee eee +25V Ceramic (Suffix D) 
Veors (pin1)to AGND.............. 0000 eee +17V 10950 Cul cis emteticeta sisi iuans 1000mW 
AIN (0-7) (pin 9-2)... cece eee ees +17V Derate above +50°C by... 0... 0c cee eee eee 10mW/*C 
Operating Temperature Range 
JNEKNGENS 6 S502 oto ae eee ta 0 to +70°C 
CAUTION: 


ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro- 
static fields. Unused devices must be stored in conductive foam or shunts, The foam should be 
discharged to the destination socket before devices are removed. 


WARNING! 
7 ie 


ESD SE AF DEVICE 
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‘GENERAL CIRCUIT INFORMATION 


BASIC CIRCUIT DESCRIPTION 

The AD7581 accepts eight analog inputs and sequentially con- 
verts each input into an eight-bit binary word using the succes- 
sive approximation technique. The conversion results are 
stored in an 8 X 8 bit dual-port RAM. The device runs either 
directly from the microprocessor clock (in 6800 type systems) 
or from some suitable signal (e.g. ALE in 8085 type systems). 
Most applications require only a -10V reference and a +5V 
supply. Start-up logic is included on the device to establish 

the correct sequences on power-up. A maximum of 800 clock 
pulses are required for this period. Figure 1 shows the AD7581 
functional diagram. : 


Voo VREF Bors 


THREE 
STATE DATA 
DRIVERS MEMORY 


' DB7 - 0B0 


DATA OUT 
(20 - 27) 


Lo ua 
8X8 cc 411) AGND 


SUCCESSIVE 
APPROXIMATION 
REGISTER 


TERFACEAND [| ADDRESS 
aay wee D.O,© 


ts DGND CLK STAT ALE AO Al A2 


Figure 1. AD7581 Functional Diagram 


Conversion of a single channel requires 80 input clock periods 
and a complete scan through all channels requires 640 input 


clock periods. When a channel conversion is complete, the suc- 


cessive approximation register contents are loaded into the 
proper channel location of the 8 X 8 RAM. At this time a 
status signal output, STAT (pin 12), gives a short negative 
going pulse (8 clock periods). This negative going STAT pulse 
is extended to 72 clock periods when channel 1 conversion is 
complete. An external pulse-width detector connected to the 
status pin can be used to derive conversion-related timing sig- 
nals for microprocessor interrupts (see Channel Identification 
opposite page). Simultaneous with STAT going low, the MUX 
address is decremented. Eight clock periods later the next con- 
version is started, 


VOL. 1, 11-124 ANALOG-TO-DIGITAL CONVERTERS 


Automatic interleaved DMA is provided by, on-chip. logic to 
ensure that memory updates take place at instants. when the 
microprocessor is not addressing memory. Memory locations 
are addressed by Ag, Ay and A>. This address may be latched 
by ALE for systems which feature a multiplexed address/data 
bus or alternatively, for systems which have separate address 
and data buses, the address latches can be made transparent by 
tying ALE (pin 16) HIGH. CS (pin 13) activates three-state 
buffers to place addressed data on the DBg - DB7 data out- 
put pins. . 


A/D CIRCUIT DETAILS 

In the successive approximation technique, successive bits, 
starting with the most significant bit (DB7), are applied to the 
input of the D/A converter. The DAC output is then compared 
to the unknown analog input voltage, Ayy (n), using a com- 
parator. If the DAC output is greater than Ayy(n), the data 
latch for the trial bit is reset to zero, and the next smaller data 
bit is tried. If the DAC output is less than Ayn(n), the trial 
data bit stays in the “‘1”’ state, and the next smaller data bit is 
tried. Each successive bit is tried, compared to Ayy(n), and set 
or reset in this manner until the least significant bit (DBg) 
decision is made. The successive approximation register now 
contains a valid digital representation of Ayy(n). Ayy(n) is 
assumed to be stable during conversion. | 


The current weighting D/A converter is a precision multiplying 
DAC. Figure 2 shows the functional diagram of the DAC as 
used in the AD7581. It consists of a precision Silicon Chromi- 
um thin film R/2R ladder network and 8 N-channel MOSFET 
switches operated in single-pole-double-throw. 


The currents in each 2R shunt arm are binarily weighted i.e., 
the current in the MSB arm is Vpgr divided by 2R, in the 
second arm is Vpygr divided by 4R, etc. Depending on the 
D/A logic input (A/D output) from the successive approxima- 
tion register, the current in the individual shunt arms is steered 
either to AGnp or to the comparator summing point. 


SUMMING 
POINT 


Figure 2. D/A Converter as Used in AD7581 
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TIMING AND CONTROL OF THE AD7581 


CHANNEL SELECTION 

Table 1 shows the truth table for the address inputs. The input 
address is latched. when ALE goes LOW. When ALE is HIGH 
the address input latch is transparent. 


‘Channel Data 


A2 Al AO ALE To Be Read 
0 0 0 1 Channel 0 
0 0 1 1 Channel 1 
0 1 0 1 Channel 2 
0 1 1 1 Channel 3 
1 0 0 1 Channel 4 
1 0 1 1 Channel 5 
1 1 0 1 Channel 6 
1 1 1 1 Channel 7 


Table 1. Channel Selection Truth Table 


TIMING AND CONTROL 

A typical timing diagram is shown in Figure 3. When CS is 
HIGH, the three-state data drivers are in the high-impedance 
state. When CS goes LOW the data drivers switch to the low- 
impedance state (i.e., low impedance to DGND or to Vpp). 
Output data is valid after time tacc. : 


eb es 
ALE 
(PIN 16) 


tas 
| tALH 


AO, A1, A2 ADDR 
(PINS 17, 18,19) VALID 


| tics ~ 
(PIN 13) 


tcw =| 
ACC — om tor . 


Figure 3. Timing Diagram for the AD7581 


SWITCHING TERMINOLOGY 
ty: ALE pulse width requirement. 
tay :Address Valid to latch hold time. 
tars: Address Valid to latch set-up time. 
tics: Address latch to Chip Select set-up time. 
tcw: Chip Select pulse width requirement. 
tacc:Chip Select to valid data propagation delay. 
tcr: Chip Select to output data float propagation delay. 
tcLz: Chip Select to low impedance data bus. 


CHANNEL IDENTIFICATION 

In some real-time applications, it may be necessary to provide 
an interrupt signal when a particular channel receives updated 
data. To achieve this, it is necessary to identify which channel 
is currently under conversion. The STAT output provides an _ 


identifying signal by staying low for an additional 64 clock 
periods over normal (8 clock periods) when channel Ois active. 
This is illustrated in Figure 4. Memory update takes place on a 
rising edge of a clock pulse and is completed in 200ns. This 
occurs 6 clock periods before STAT goes low. 


anna 80 CLOCK PERIODS ait 


FOR CHANNELS 1T07 4 $ 
STAT 
8 CLOCK 8 CLOCK 
= PERIODS PERIODS 
PREVIOUS CHANNEL CURRENT 
DATA UPDATE START NEXT = CHANNEL 
CONVERSION pata 
COMPLETE, WIT HeE 
MUX ADDRESS pal bad UPDATE 
DECREMENTED COMPLETE 
FOR CHANNEL 0 eT eee y) 
STAT 
8 CLOCK 
64 CLOCK PERIODS —-| =— 4 Te 
8 CLOCK 
’ 8 CLOCK 
PERIODS PERIODS 
HANNEL 1 ART CHANNEL 0 
UPDATE TRIAL CHANNEL 0 UPDATE 


COMPLETE, MUX 
ADDRESS RESET TO 
CHANNEL 7 


Figure 4. STAT Output for Channel Identification 


One simple circuit using the STAT output is shown in Figure 

5. The time constant RC is chosen such that X2 ignores the 
normal STAT low pulse width (8 clock periods wide) but 
respond to the much wider STAT low pulse width (72 clock 
periods wide) occurring during channel 0 conversion. Typically - 
for a lus clock period C = 0.022uF, R= 1.8kQ. 


1/6 CD4009A 1/6 CD4009A 


1/6 CD4009A 


GOES HIGH WHEN 
CHANNEL 0 IS ACTIVE 


Figure 5. Hardware Channel Identification 


Another possibility is to use the microprocessor to interrogate 
the STAT output and hence determine channel gEnULy: A 
simple routine is shown in Figure 6. 


STAT 


Figure 6. Software Channel Identification 
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OPERATING THE AD7581 


UNIPOLAR BINARY OPERATION 

Figures 7a and 7b show the analog circuit connections and 
typical transfer characteristic for unipolar operation (OV to 
+10V). An AD584 is used for the -10V reference. Calibration 
is as follows (device clocked i.e., continuous conversions); 
OFFSET: 

Comparator offset is trimmed out via the bipolar offset pin 
Bors. R10, R11 and R12 comprise a simple voltage tap 
buffered by Al and feeding into Bogs. 


1. Since comparator offset will be the same regardless of 
which channel is active, take Ag, Ay and Ay LOW and 
and exercise ALE to latch the address. 

2. With AIN 0 = 19.5mV (1/2LSB) adjust R11, i.e., the offset 
voltage on Bogs, until DB7 - DB, are LOW and DBg (LSB) 
flickers. 


R10! 27k 5% 
* 


AD7581 
TOP VIEW 


1 


Bors CAN BE TIED TO AGND. 
aRERe AND RO CAN | BE OMITTED 1F GAIN TRIM IS 
NOT REQUIRED. 


Figure 7a. AD7581 Gaeded (OV to +10V) Operation (Output 
Code is Straight Binary) 


GAIN (FULL SCALE) 
In many applications gain adjustment is not required thus 
removing the need for trimmers in the analog channels. For 
channels requiring gain trim, the following procedure is recom- 
mended. Offset adjustment must be performed before gain 
adjustment. 
1. Apply +9.941V (FS - 1 nese) to all input channels 

AIN (0-7). 


OUTPUT 
CODE FULL SCALE 
TRANSITION 


11111111 
11141110 
171111101 


x 


00000011 
00000010 
00000001 


00000000 eas ah ae as 


0 0.40:0.80 1.20 9.92 9.96'10.00 


INPUT VOLTAGE, VOLTS (REFERRED TO ANALOG GROUND) 


NOTE: APPROXIMATE BIT WEIGHTS ARE SHOVIN FOR ILLUSTRATION. 
BIT WEIGHT FOR A -10V REFERENCE IS = 39.1mv. 


Figure 7b. Transfer Characteristic for Unipolar Circuit of 
Figure 7a 
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2. Select required channel n via Ag, Aj, Az and latch the 
Address using ALE. 

3. Adjust trimmer RN of selected channel until DB7 - DB, 
are HIGH and the LSB (DBo) flickers. 

4. Select next channel Require gain trim and repeat steps 
2 and 3. 


UNIPOLAR (COMPLEMENTARY BINARY) OPERATION 
Figures 8a and 8b show the analog circuit connections and 
typical transfer characteristic for unipolar (complementary 
binary) operation. 

Calibration is as follows (continuous conversions); 


OFFSET: 

Comparator offset is trimmed out via the bipolar offset pin 
Bors. R10, R11 and R12 comprise a simple voltage tap buf- 
fered by Al and feeding into Bors. 


1, Since comparator offset will be the same regardless of 
which channel is active, take Ag, Ay and Ay LOW and 
exercise ALE to latch the address. 


2. With AIN 0 = -9.98V (-FS + 1/2LSB) adjust R11, i.e., the 


offset voltage on Bors, until DB7 - DB, are LOW and the 
LSB (DBo) flickers. 


R15 10k 0.1% 


ADJUST 


R163 
6.8k 


AD7581 
TOP VIEW 


1 AD584 
é REFERENCE 


ANALOG DIGITAL 
ek SuPPLY RETURN \/  \/ supPLY RETURN 
1R10, R11 AND R12 CAN BE OMITTED IF OFFSET TRIM IS NOT REQUIRED. 


2R1 - R8 AND R9 CAN BE OMITTED IF GAIN TRIM IS NOT REQUIRED. 
3R16/R10/R12 = 5k2. IF R10,R11 AND R12 ARE NOT USED, MAKE R16 = 5k. 


Figure 8a. AD7581 (OV to -10V) Operation (Output Code 
is Complementary Binary) 


GAIN (FULL SCALE) 

In many applications gain adjustment is not required thus 
removing the need for trimmers in the analog channels. For 
channels requiring gain trim, the following procedure is recom- 
mended. Offset adjustment must be performed before gain 
adjustment. 


1) Apply -58.6mV (1 1/2LSB) to all input channels AIN (0-7). 

2) Select required channel n via Ag, Ay, Az and exercise ALE 
to latch the address. 

3) Adjust trimmer RN of selected channel until DB7 - DB1 are 
HIGH and the LSB (DBo) flickers. 

4) Select next channel requiring gain trim and repeat step 2 
and 3. 


OUTPUT 


CODE 
14940919 
11111110 
11111104 
¢ 
| v7 
| ¢ 
; 
] y) 
! ¢ 

| 7 

’ 
00000011 
00000010 
00000001 
oooooooo LL yy - _ _ _ 

-10 -9.6 -9.2 -0.160 | -0.08 | 0 


-0.120 -0.040 
INPUT VOLTAGE, VOLTS (REFERRED TO ANALOG GROUND) 


APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 
BIT WEIGHT FOR A -10V REFERENCE IS = 39.1mvV. 


NOTE: 


Figure 8b. Transfer characteristic for Unipolar Circuit of 
Figure 8a 


BIPOLAR (OFFSET BINARY) OPERATION 

Figures 9a and 9b illustrate the analog circuitry and transfer 
characteristic for +5V bipolar operation. Output coding is off- 
set binary. Comparator offset correction is again applied to the 


Bors pin. 
Calibration is as follows (continuous conversions); 


OFFSET: 

1. Apply -4.980V (-F.S. + 1/2LSB) to all input channels, 
AIN (0-7). 

2. Trim R11 of the comparator offset circuit until DB7 - DB, 
are LOW and the LSB (DBg) flickers. 


GAIN (FULL SCALE) 

1. Apply +4.984V (+F.S. - 1/2LSB) to all input channels, 
AIN (0-7). 

2. Select required channel n via Ag, Ay, A2, and latch the 
address using ALE. 

3. Adjust trimmer RN of selected channel until DB7 - DB, 
are HIGH and the LSB (DBo) flickers. 

4. Select next channel requiring gain trim and repeat steps 
2 and 3. 

5. Apply OV to each gain-trimmed channel. If the ADC out- 
put code does not flicker between 01111111 and 10000000 
repeat the calibration procedure. 


-10V © 


R15 10k 0.1% 


OFFSET 
ADJUST 


A07581 
TOP VIEW 


1 ADS584 
Ea REFERENCE 


ANALOG 

SUPPLY RETURN \/  \/ 
DIGITAL 
PLY RN 

sree: SUPPLY RETU 

1R10, R11 AND R12 CAN BE OMITTED IF OFFSET TRIM IS NOT REQUIRED. 


21 - R8 AND R9 CAN BE OMITTED IF GAIN TRIM IS NOT REQUIRED. 
3R16/R10/R12 = 6.8k2. IF R10, R11 AND'R12 ARE NOT USED, MAKE R16 ® 6.8k2. 


Figure 9a. AD7581 Bipolar (-5V to +5V) Operation (Output 
Code is Offset Binary) 


10000100 
10000011 
10000010 
10000001 
10000000 
01111111 
01111110 
01111101 
01111100 


01111011 


-200 -160 -120 -80 -40 0 +40 +80 +120 +160 +200 


INPUT VOLTAGE, MILLIVOLTS (REFERRED TO ANALOG GROUND) 

NOTE: 

APPROXIMATE BIT WEIGHTS ARE SHOWN FOR ILLUSTRATION. 

BIT WEIGHT FOR t5V FULL SCALE IS = 39.1mV. 
Figure 9b. Transfer Characteristic Around Major Carry for. 
Bipolar Circuit of Figure 9a 
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INTERFACING THE AD7581 


ADDRESS BUS (16) 
A13 - A15 


mm 
AO Al A2 AO Al A2 
cs 


EN 
74LS138 AD7581 


DAT A BUS (8) 


Figure 10. AD7581/6800 Interface 


NOTES: ; 

1. ANALOG AND DIGITAL GROUND 
It is recommended that AGnp and Denp be connected 
locally to prevent the possibility of injecting noise into the 
AD7581. In systems where the AGnp - Denp intertie is 
not local, connect back-to-back diodes (1N914 or equiv- 
alent) between the AD7581 Agnp and Denp pins. 
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AD7581 


MULTIPLEXED 
ADO - AD7 | ADDRESS/DATA BUS (8) 


Figure 11. AD7581/8085 Interface 


2. LOGIC DEGLITCHING IN pP APPLICATIONS 
Unspecified states on the address bus (due to different rise 
and fall times on the address bus) can cause glitches at the 
AD7581 CS terminal. These glitches-can cause unwanted 
reads, The best way to avoid glitches is to gate the address 
decoding logic, e.g., with RD (8080), RD (8085) or VMA 
(6800). 


ANALOG 12-Bit Successive Approximation 
DEVICES Integrated Circuit A/D Converter 


AD ADC80 


FEATURES 

True 12-Bit Operation: Max Nonlinearity +0.012% 
Low Gain T.C.: +30ppm/°C max 

Low Power: 800mW 

Fast Conversion Time: 25ys 

Precision 6.3V Reference for External Application 
Short-Cycle Capability 

Serial or Parallel Data Outputs — 

Monolithic DAC with Scaling Resistors for Stability 
Low Chip Count—High Reliability 

Industry Standard Pinout 

“2” Models for +12V Supplies 


PRODUCT DESCRIPTION 

The AD ADC80 is a complete 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer- 
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 12-bit mono- 
lithic DAC to provide modular performance and versatility with 
IC size, price and reliability. 


Important performance characteristics of the AD ADC80 in- 
clude a maximum linearity error at +25°C of +0.012%, max 
gain T.C. of 30ppm/°C, typical power dissipation of 800mW 
and max conversion time of 25us. Monotonic operation of the 
feedback D/A converter guarantees no missing codes over the 
temperature range of -25°C to +85°C. 


The design of the AD ADC80 includes scaling resistors that 
provide analog signal ranges of +2.5, 5.0, +10, 0 to +5 or O 

co +10 volts. The 6.3V precision reference may be used for ex- 
ternal applications. All digital signals are fully DTL and TTL 
compatible; output data may be read in both serial and par- 
allel form. 


The AD ADC80 is available in two performance grades, the 
AD ADC80-12 (0.012% of FSR max) and the AD ADC80-10 
(0.048% of FSR max). Both grades are specified for use over 
the -25°C to +85°C temperature range and both are available 
in a 32-pin hermetically sealed ceramic DIP. 


AD ADC80 FUNCTIONAL BLOCK DIAGRAM 


BIT 1 MSB on BIT 12 LSB 
bia ye | 26} SERIAL OUT 
BITT MSE | 8 | | 25 | -15V OR -12v 
+5V DIGITAL REF OUT 
SUPP 12- | vearrone | DAC 
DIGITAL GND 10 +-— CIRCUITS 23) CLOCK OUT 
COMPARATOR a He all STATUS 
rama et ||"% St sett 
10V SPAN IN | 13 | pret 
20V SPAN IN 14 | haa EXTERNAL 
ANALOG GND [15 | ne cones 
GAIN ADJUST 16 | AD ADC80 +15V OR +12V 
32-PIN DIP 
PRODUCT HIGHLIGHTS 
1. The AD ADC80 is a complete 12-bit A/D converter. No 
external components are required to perform a conversion. 
2. A monolithic 12-bit feedback DAC is used for reduced 


chip count and higher reliability. 


. The internal buried zener reference is laser trimmed to 6.3 


volts. The reference voltage is available externally and can 


_ supply up to 1.5mA beyond that required for the reference 


and bipolar offset current. 


. The scaling resistors are included on the monolithic DAC 


for exceptional thermal tracking. 


. The AD ADC80 directly replaces other devices of this type 


with significant increases in performance. 


. The fast conversion rate of the AD ADC80 makes it an 


excellent choice for applications requiring high system 
throughput rates. 


. The short cycle and external clock options are provided for 


applications requiring faster conversion speeds or lower 
resolutions. ° 
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SPECIFICATIONS (typical @ +25°C, +£15V and +5V unless otherwise noted) 


MODEL , AD ADC80-12 AD ADC80-10 
RESOLUTION 12 Bits 10 Bits 
ANALOG INPUTS 
Voltage Ranges 
Bipolar £2.5V, t5V, t10V 
Unipolar OV to +5V, OV to +10V 
Impedance (Direct Input) 
OV to +5V, £2.5V 2.5kQ 
OV to +10V, t5V 5kQ 
+10V 10k2 


DIGITAL INPUTS! 
Convert Command Positive Pulse 100ns Wide (min) 


(“0” to “1"" Initiates Conversion) 


Logic Loading 1TTL Load 
External Clock TTL Load 
TRANSFER CHARACTERISTICS ERROR 
Gain Error? +0.1% of FSR? : 
Offset Error? 
Unipolar +0.05% of FSR 
Bipolar - 0.1% of FSR “ oe 
Linearity Error (max)* +0.012% of FSR t0.048% of FSR 
Inherent Quantization Error +1/2LSB ‘ 
Differential Linearity Error t1/2LSB - x4 
No Missing Codes Temperature Range -25°C to +85°C . 
Power Supply Sensitivity ; 
+15V £0.0030% of FSR/% Vs ° 
+5V t0.0015% of FSR/% Vs * 
DRIFT 
Specification Temperature Range -25°C to +85°C 
Gain (max) +30ppm/°C 
Offset 
Unipolar +3ppm of FSR/°C é 
Bipolar (max) : t15ppm of FSR/°C : 
Linearity (max) +3ppm of FSR/°C 7 
Monotonicity GUARANTEED ‘J 
CONVERSION SPEED‘ 22us typ, 25us max 21s max 
DIGITAL OUTPUT 
(all codes complementary) 
Parallel 
Output Codes® 
Unipolar CSB 
Bipolar COB, CTC 
Output Drive 2TTL Loads 
Serial Data Codes (NRZ) CSB, COB 
Output Drive 2TTL Loads 
Status Logic “1” During Conversion 
Status Output Drive 2TTL Loads 
Internal Clock ‘ 
Clock Output Drive 2TTL Loads 
Frequency” 575kHz 
INTERNAL REFERENCE VOLTAGE 6.3V +10mV 
Max. External Current (with no 
degradation of specifications) - 1.5mA 
Tempco of Drift +10ppm/°C typ, +20ppm/°C max 
POWER REQUIREMENTS 
Rated Voltages t15V, +5V 
Range for Rated Accuracy 4.75V to 5.25V and 14.0V to +16.0V 
Z Models® 4.75V to 5.25V and £11.4V to +16.0V 
Supply Drain +15V +10mA 
-15V -20mA 
+5V +70mA 
TEMPERATURE RANGE 
Specification -25°C to +85°C 
Operating (Derated Specs) -55°C to +100°C 
Storage -55°C to +125°C 
PACKAGE OPTION? HY32E 
NOTES: 


*DTL/TTL compatible i.e., Logic 0" = 0.8V max, Logic 1" = 2.0V min for digital inputs, 
Logic “0” = +0.4V max and ‘1’ =2.4V min digital outputs. 
? Adjustable to zero with external trimpots. 
3 FSR means Full Scale Range- for example, unit connected for +10V range has 20V FSR. 
“Error shown is the same as t1/2LSB max for resolution of A/D converter. 
5 Conversion time with internal clock. 
*See Table1. CSB — Complementary Straight Binary 
COB — Complementary Offset Binary 
CTC —- Complementary Two's Complement 
7 For conversion speeds specified. 
* For Z models order AD ADC80Z-12 or AD ADC80Z-10. 
* See Section 20 for package outline information. 


*Specifications same as AD ADC80-12. 
Specifications subject to change without notice. 
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Figure 1. AD ADC80 Functional Diagram and Pinout 


Typical Performance Curves 


Figure 2. Linearity Error vs. Conversion 
Time (Normalized) 
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Figure 4. Maximum Gain Drift Error — % of 
FSR vs. Temperature 
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The analog continuum is partitioned into 2'? discrete ranges 
for 12-bit conversion. All analog values within a given quan- 
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza- 
tion uncertainty of +1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 


The actual conversion errors that are associated with A/D 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the AD ADC80 have been 
minimized by the use of a monolithic DAC that includes the 
scaling network. The initial gain and offset errors are specified 
at 0.1% FSR for gain and. +0.05% FSR for offset. These 
errors may be trimmed to zero by the use of the external trim 
circuits as shown in Figures 7 and 9. Linearity error is defined 
as the deviation from a true straight line transfer characteristic 
from a zero analog input which calls for a zero digital output 
to a point which is defined as full scale. The linearity error is 
unadjustable and is the most meaningful indication of A/D 
converter accuracy. Differential nonlinearity is a measure of 
the deviation in staircase step width between codes from the 
ideal least significant bit step size (Figure 6). 


Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes; the AD ADC80 is specified as having no 
missing codes over the entire temperature range from -25°C 
to +85°C. 


There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 


range. Gain drift causes a rotation of the transfer characteristic 


about the zero or minus full scale point. The worst case ac- 
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 
as the root-sum-squared (RSS) and can be shown as: 


RSS =V/eg? + €9* +e, 


€c = Gain Drift Error (ppm/°C) 
€o = Offset Drift Error (ppm of FSR/°C) 
€y, = Linearity Error (ppm of FSR/°C) 
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Figure 6. Transfer Characteristic for an Ideal Bipolar A/D 
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‘OFFSET ADJ USTMENT 


The zero adjust circuit consists of a potentiometer connected 
across Vs with its slider connected through a 1.8MQ resistor 
to Comparator Input pin 11 for all ranges. As shown in Figure 
7 the tolerance of this fixed resistor is not critical, and a car- 
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppm/°C tempco contributes 


"a worst-case offset tempco of 8X 244X 10° X 1200ppm/°C = 


2.3ppm/°C of FSR, if the OFFSET ADJ potentiometer is set 
at either end of its adjustment range. Since the maximum off- 
set adjustment required is typically no more than +4LSB, use 
of a carbon composition offset summing resistor typically con- 
tributes no more than 1ppm/*C of FSR offset tempco. 


AD ADC80 


Figure 7. Offset Adjustment Circuit 
An alternate offset adjust circuit, which contributes negli- 
gible offset tempco if metal film resistors (tempco <100 
ppm/*C) are used, is shown in Figure 8. 


+15V 


180k M.F. 180k M.F. 11 


OFFSET 10K0 
ADJ  100k2 


AD ADC80 


Figure 8. Low Tempco Zero Adjustment Circuit 


In either zero adjust circuit, the fixed resistor connected to 
pin 11 should be located close to this pin to keep the pin 11 
connection runs short (Comparator Input pin 11 is quite 
sensitive to external noise pick-up). 


GAIN ADJ USTMENT 

The gain adjust circuit consists of a potentiometer connected 
across tVs with its slider connected through a 10MQ resistor 
to the gain adjust pin 16 as shown in Figure 9. 


+15V 


AD ADC80 


-15V 


Figure 9. Gain Adjustment Circuit 


An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (Tempco <100ppm/°C) are 
used is shown in Figure 10. 


+15V 


AD ADC80 


Figure 10. Low Tempco Gain Adjustment Circuit 


THEORY OF OPERATION 

On receipt of aCONVERT START command, the AD ADC80 
converts the voltage at its analog input into an equivalent 12- 
bit binary number. This conversion is accomplished as follows: 
the 12-bit successive-approximation register (SAR) has its 
12-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 

The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com- 
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 


TIMING 

The timing diagram is shown in Figure 11. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All 
SAR parallel bit and STATUS flip-flops are initialized on the 
leading edge, and the gated clock inhibit signal is removed on 
the trailing edge of the CONVERT START signal. At time to, 


Applying the AD ADC80_ 


B, is reset and B, -By, are set unconditionally. At t, the Bit 1 
decision is made (keep) and Bit 2 is unconditionally reset. At 
tz, the Bit 2 decision is made (keep) and Bit 3 is reset uncon- 
ditionally. This sequence continues until the Bit 12 (LSB) de- 
cision (keep) is made at ty2. After a 40ns delay period, the 
STATUS flag is reset, indicating that the conversion is com- 
plete and that the parallel output data is valid. Resetting the ~ 
STATUS flag restores the gated clock inhibit signal, forcing the 
clock output to the Logic “‘O”’ state. 


Corresponding serial and parallel data bits become valid on — 


the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into a 
receiving shift register on these edges (see Figure 11). 


Incorporation of this 4Ons delay guarantees that the parallel 
(and serial) data are valid at the Logic ‘‘1” to “‘O”’ transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 


|_________—— MAXIMUM THROUGHPUT TIME ——————————»| 
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START CONVERSION TIME (2) ————————__} 
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NOTES: 
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1. THE CONVERT START PULSE WIDTH IS 100ns MIN AND MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE “RISING EDGE” OF THE 


CONVERT COMMAND. 


2. 25us FOR 12 BITS AND 21ys FOR 10 BITS (MAX). 


3. MSB DECISION 


4. LSB DECISION 40ns PRIOR TO THE STATUS GOING LOW 


*BIT DECISIONS 


Figure 11. Timing Diagram (Binary Code 011001110110) 
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DIGITAL OUTPUT DATA 

Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen- 
tary binary for unipolar ranges and either complementary off- 
set binary or complementary two’s complement binary, de- 
pending on whether BIT 1 (pin 6) or its logical inverse BIT 1 
(pin 8) is used as the MSB. Parallel data becomes valid approx- 
imately 40ns before the STATUS flag returns to Logic “0”, 
permitting parallel data transfer to be clocked on the “1” to 
“0” transition of the STATUS flag. 


Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on these 
edges as shown in Figure 11. There are 13 negative-going clock 
edges in the complete 12-bit conversion cycle, as shown in Fig- 
ure 11. The first edge shifts an invalid bit into the register, 
which is shifted out on the 13th negative-going clock edge. All 
serial data bits will have been correctly transferred and be in 
the receiving shift register locations shown at the completion 
of the conversion period. 


Short Cycle Input: A Short Cycle Input, pin 21, permits the 
timing cycle shown in Figure 11 to be terminated after any 
number of desired bits has been converted, permitting some- 
what shorter conversion times in applications not requiring full 
12-bit resolution. When 12-bit resolution is required, pin 21 is 
connected to +5V (pin 9). When 10-bit resolution is desired, 
pin 21 is connected to Bit 11 output pin 28. The conversion 
cycle then terminates, and the STATUS flag resets after the 
Bit 10 decision (ty +4Ons in timing diagram of Figure 11). 
Short Cycle pin connections and associated maximum 12-, 10- 
and 8-bit conversion times are summarized in Table I. 


Binary (BIN) 
Output 
Analog Input 


Connect Short Maximum Status Flag 


Cycle Pin 21 to Resolution Conversion Reset 
Pin: Bits (% FSR) Time (us) 
9 12 0.024 25 tin + 40ns 
28 10 0.100 21 tio + 40ns 
30 8 0.390 17 tg +40ns 
Table |. Short Cycle Connections 4 
INPUT SCALING 


The AD ADC8C input should be scaled as close to the maxi- 
mum input signal range as possible in order to utilize the 


_ maximum signal resolution of the A/D converter. Connect the 


input signal as shown in Table II. See Figure 12 for circuit 
details. 


10V RANGE 13 


20V RANGE 14 


COMP IN 11 


FROM D/A TO SAR 
CONVERTER 
COMPARATOR 
BIPOLAR 6.3k 
OFFSET 12 O-—AW—-3 Vance 


ANALOG 


common 15 O73. 


Figure 12. AD ADC80 Input Scaling Circuit 


Connect 

Input Connect Connect Input 

Signal Output Pin 12 Pin 14 Signal 

Range Code To Pin To To 
+10V COB or CTC 11 Input Signal 14 
t5V COB or CTC 11 Open 13 
+2.5V COB or CTC 11 Pin 11 13 
OV to+5V CSB 15 Pin 11 13 
OV to+10V CSB 15 Open 13 


Table I!. AD ADC80 Input Scaling Connections 


INPUT VOLTAGE RANGE AND LSB VALUES 


Voltage Range Defined As: +10V t5V +2.5V OV to +10V OV to +5V 
Code COB* COB* COB* 
Designation or CTC** or CTC** or CTC** CSB*** CSB*** 
One Least FSR 20V 10V SV 10V SV 
Significant 20 2n 2n 2n 2n 2n 
Bit (LSB) n=8 78.13mV 39.06mV 19.53mV 39.06mV 19.53mV 
n= 10 19.53mV 9.77mV 4.88mV 9.77mV 4.88mV 
n=12 4.88mV 2.44mV 1.22mV 2.44mV 1.22mV 
Transition Values 
MSB LSB 
000...000**** +Full Scale +10V -3/2LSB +5V -3/2LSB +2.5V -3/2LSB +10V -3/2LSB +5V -3/2LSB 
011...111 Mid Scale 0 0 0 +5V +2.5V 
111...110 -Full Scale -10V +1/2LSB -SV +1/2LSB -2.5V +1/2LSB 0 + 1/2LSB 0 +1/2LSB 
NOTES: 


*COB = Complementary Offset Binary 


**CTC = Complementary Two's complement—obtained by using the complement 
of the most significant bit (MSB). MSB is available on pin 8. 


***CSB = Complementary Straight Binary. 


****Voltages given are the nominal value for transition to the code specified. 


Table I!1. Input Voltages and Code Definitions 
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GROUNDING | 
Many data-acquisition components have two or more ground 


pins which are not connected together within the device. These 


“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 


of millivolts can be generated between the system ground point 


and the ground pin of the AD ADC80. Therefore, separate 
ground returns should be provided to minimize the current 
flow in the path from sensitive points to the system ground 
point and the two device grounds should be tied together. In 
this way supply currents and logic-gate return currents are not 
summed into the same return path as analog signals where 
they would cause measurement errors. 


Each of the AD ADC80’s supply terminals should be capaci- 
tively decoupled as close to the AD ADC80 as possible. A 
large value capacitor such as 1yF in parallel with a 0.1uF 
capacitor is usually sufficient. Analog supplies are bypassed 
to the Analog Power Return pin and the logic supply is by- 
passed to the Logic Power Return pin. 
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Figure 13. Basic Grounding Practice 


CONTROL MODES 

The timing sequence of the AD ADC80 allows the device to 
be easily operated in a variety of systems with different con- 
trol modes. The most common control modes are illustrated 
in Figures 14-17. | 
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Figure 14. Internal Clock—Normal Operating Mode. 
Conversion Initiated by the Rising Edge of the Convert 
Command. The Internal Clock Runs Only During 
Conversion. 
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Figure 15. Continuous Conversion with External Clock. 
Conversion is Initiated by 14th Clock Pulse. Clock Runs 
Continuously. 
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Figure 16. Continuous External Clock. Conversion Initiated 
by Rising Edge of Convert Command. The Convert Command 
must be Synchronized with Clock. 
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Figure 17. Continuous Conversion with Internal Clock. . 
Conversion is Initiated by the 14th Clock Pulse. Clock Runs 
Continuously. The Oscillator Formed by Gates 2 and 3 Insures 
that the Conversion Process will Start When Logic Power is 
First Turned On. 
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CALIBRATION _ 
External ZERO ADJ and GAIN ADJ potentiometers, con- 
nected as shown in Figures 18 and 19, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. * | ® 


0 to +10V Range: Set analog input to +1LSB = +0.0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 000000000001 digital output code; full- 
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V; digital output code should be 
011111111111. 


-10V to +10V Range: Set analog input to -9.9951V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V;; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code, Half-scale calibration check: set analog input to 0.0000V; 
digital output (complementary offset binary) code should be 
0111111111111. | 


Other Ranges: Representative digital coding for 0 to +10V and 
-10V to +10V ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and —5V to 
+5V ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -10V to +10V ranges, 
respectively. 


Zero and full-scale calibration can be accomplished to a pre- 
cision of approximately +1/4LSB using the static adjustment 
procedure described above. By summing a small sine or tri- 
angular-wave voltage with the signal applied to the analog in- 
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in “A/D Conversion Notes’, D. Sheingold, Analog Devices, 
Inc., 1977, Part II, Chapter 3. 


ANALOG 
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Figure 18. Analog and Power Connections for Unipolar 
0-10V Input Range 
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Figure 19. Analog and Power Connections for Bipolar +10V 
Input Range 


MULTICHANNEL CONVERSION 

In multichannel conversion systems, elements of the acquisi- 
tion chain may be shared by two or more input sources. This 
sharing may occur in a number of ways, depending on the 
desired properties of the multiplexed system. 


The data acquisition system shown in Figure 20 is a low cost 
solution to digitizing data from many analog channels. For 
most efficient use of time, the multiplexer is acquiring the next 
channel to be converted while the sample-hold is holding the 
previous output level for conversion. When conversion is com- 
plete, the status line from the converter causes the S/H to 
return to the sample mode and acquire the new data. After the 
acquisition time is completed, the sample hold can be switched 
to hold. A conversion can then begin and the multiplexer can 
be switched to the next channel. 
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Figure 20. Data Acquisition System 


ANALOG 
DEVICES 


Fast, Complete 
12-Bit A/D Converter 


FEATURES 


Performance 


Complete 12-Bit A/D Converter with Reference and Clock 
Fast Successive Approximation Conversion: 10us 
Buried Zener Reference for Long Term Stability and Low 
Gain T.C.: 10ppm/°C 
Max Nonlinearity: <+0.012% 
Low Power: 880mW Typical 
Hermetic Package Available 
Low Chip Count — High Reliability 
Industry Standard Pin Out 
“Z" Models for +12V Operation Available 
' MIL-STD-883B Processing Available 
Military Temperature Range -55°C to +125°C 


Versatility 

Negative-True Parallel or Serial Logic Outputs 

Short Cycle Capability 

Precision +6.3V Reference for External Applications 


PRODUCT DESCRIPTION 

The AD ADC84/AD ADC85 series devices are high speed low 
cost 10- and 12-bit successive approximation analog-to-digital 
converters that include an internal clock, reference and com- 
parator. Its hybrid IC design utilizes MSI digital and linear 
monolithic chips in conjunction with a 12-bit monolithic DAC 
to provide modular performance and versatility with IC size, 
price and reliability. 


Important performance characteristics of the AD ADC84/ 
_AD ADC85 series include a maximum linearity error at +25°C 

of +0,012%, gain T.C. below 15ppm/°C, typical power dis- 
sipation of 880mW, and conversion time of less than 10us for 
the 12-bit versions, Of considerable significance in military 
and aerospace applications i is the guaranteed performance 
from -55 C to +125°C of the AD ADC85S which is also avail- 
able processed to MIL-STD-883B. Monotonic operation of the 
feedback D/A converter guarantees no missing output codes 
over temperature ranges of 0 to +70°C, -25°C to +85°C, and 
-55°C to +125°C, 


The design of the AD ADC84/AD ADC85 includes scaling 
resistors that provide analog input signal ranges of +2.5, +5, 
+10, 0 to +5, or 0 to +10 volts. Adding flexibility and value 
are the +6.3V precision reference, which also can be used for 
external applications, and the input buffer amplifier. All digital 
signals are fully DTL and TTL compatible, and the data out- 
put is negative-true and available in either serial or parallel 
form. 


The AD ADC84/AD ADC85 series devices are available in two 
different performance grades. The devices are specified for 
either 10-bit accuracy (+0,048% FSR max) or 12-bit accuracy 
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(+0.012% FSR max) with 6us, 10us max conversion times 
respectively. 

The AD ADC84 and AD ADC85C specified for operation over 
the 0 to +70°C temperature range. The AD ADC85 and 


AD ADC85S are specified for the -25°C to +85°C, -55°C to 
+125°C ranges respectively. 


PRODUCT HIGHLIGHTS 

1. The AD ADC84/AD ADC85 series devices are complete 12- 
bit A/D converters. No external components are required 
to perform a conversion. 


2. The AD ADC84/AD ADC85 directly replaces other devices 


of this type with significant increases in performance. 


3. The fast conversion rate of the AD ADC84/AD ADC85 
makes it an excellent choice for applications requiring 
high system throughput rates, 

4. The internal buried zener reference is laser trimmed to 
6.3V +0.1% and +10ppm/*C typical T.C. The reference 
is available externally and can provide up to 1mA. 


5. The integrated package construction provides high quality 
and reliability with small size and weight. | 


6. The monolithic 12-bit feedback DAC is used for reduced 
chip count and higher reliability. 


7. The AD ADC85S/883B comes processed to MIL-STD-883, 
class B requirements, 
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SPECIFICATIONS (typical @ +25°C, +15V and +5V ‘abs otherwise noted) 


MODEL AD ADC84 AD ADC85C AD ADC85 AD ADC85S UNITS 
RESOLUTION 10/12 10/12 10/12 10/12. Bits 


ANALOG INPUTS 
Voltage Ranges ; ; 
Bipolar ; +2.5, +5, +10 . . - Volts 


Unipolar 0 to +5, 0 to +10 ’ . * Volts 
Impedance (Direct Input) . 
OV to +5V, +2.5V 2.5(+20%) : ad : kQ 
OV to +10V, +5V 5(+20%) . : . kQ 
+10V 10(+20%) * ‘ . kQ 
Buffer Amplifier’ 
Impedance (min) 100 . . MQ 
Bias Current 50 . . r nA 
Settling Time 
pemecrers EULA S  ee ReeeeeeY — SEeee 
DIGITAL INPUTS? | 
Convert Command Positive Pulse 50ns min Trailing 
Edge Initiates Conversion 7 “ “ 
Logic Loading 1 Ben . ° TTL Load 
TRANSFER CHARACTERISTICS 
- Gain Error? +0.1(+0.25% max) * * * % 
Offset Error’ Adjustable to Zero * * . 
Unipolar -  £0,05(£0.2% max) : ° % of FSR‘ 
Bipolar® +0.1(+0.25% max) . . % of FSR 
Linearity Error (max)® +0.048/+0.012 , : . % of FSR 
Inherent Quantization Error £0.5 : . . LSB 
Differential Linearity Error +0.5 " - % LSB 
No Missing Codes Temperature Range 0 to +70 0 to +70 -25 to +85 -55 to +125 °G 
Power Supply Sensitivity 
+15V +0.004 bd ° * % of FSR/%V 
+5V +0.001 . = . % of FSR/%V 
DRIFT 
Specification Temperature Range 0 to +70 ig -25 to +85 -55 to +125 *¢ 
Gain (max) +30 +40/+25 +20/15 +25 ppm/°C 
Offset 
Unipolar +3 . . +5 max ppm/°C 
Bipolar (max)5 +15 +20/412 +10/t7 +10- ppm/°C 
Linearity (max) +3 ri +3/t20 . ppm/°C 
Monotonicity GUARANTEED ig . , 
CONVERSION SPEED (MAX) 6/10 ¥ : = Us 
DIGITAL OUTPUT 
(all codes complementary) 
Parallel 
Output Codes’ 
Unipolar CSB , . 4 
Bipolar COB, CTC i“ . sd 
Output Drive 2 . g : TTL Loads 
Serial Data Codes (NRZ) CSB, COB ig - zs 
Output Drive 2 . * : . TTL Loads 
Status Logic “*1”’ during Conversion : . . 
Status Output Drive 2 . e af TTL Loads 
Internal Clock 
Clock Output Drive 2 - id TTL Loads 
Frequency 1.9/1.22 be . ij MHz 
INTERNAL REFERENCE VOLTAGE 6.3/£15mV max ~ = ‘ - Volts 
Max. External Current (with no ; 
degradation of specifications) 1.0 z * - mA 
Tempco of Drift, (max) +20/max +10 typ +5 typ +5 typ ppm C 
POWER REQUIREMENTS ; 
Rated Voltages , +5, +15 * , : Volts 
Range for Rated Accuracy 4.75 to 5.25 and 13.5 tot16.5 * ¥ bg Volts 
Z Models® 4.75 to 5.25 and +i1.4to+16.5  * : : Volts 
Supply Drain +15V 25 max ss - : mA 
-15V 30 max » . . mA 
+5V . 100 max . . i mA 
Total Power Dissipation 1100 max . . . mW 
TEMPERATURE RANGE 
Specification 0 to +70 * -25 to +85 -55 to +125 =C 
Operating (Derated Specs) -25 to +85 ss °C 
Storage -55 to +125 : . : “C 
PACKAGE Ceramic Hermetic Ceramic Hermetic Ceramic Hermetic Ceramic 
NOTES 
’ Buffer Settling time adds to conversion speed when buffer is connected to input. ‘Error shown is the same as +1/2LSB max error in % of FSR. 
2? DTL/TTL compatible Logic “0” = 0.8V max, Logic ‘1’’ = 2.0V min for "See Table 1. 
digital output, Logic “O” = 0.4V max, Logic “1” = 2.4V min. * For t12V operation add “Z” to model number. Input range limited to a 
* Adjustable to zero. maximum of +5V. 
“FSR means Full Scale Range. *Specifications same as AD ADC84, 
§ Guaranteed at Vij = 0 volts. Specifications subject to change without notice. 
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Figure 1. Linearity Error vs. Conversion Speed 
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Figure 3. Gain Drift Error (%FSR) vs. Temperature 
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Figure 4. Conversion Speed vs. Control! Voltage 
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The analog continuum is partitioned into 21? discrete ranges | 
for 12-bit conversion. All analog values within a given quan- 
tum are represented by the same digital code, usually assigned 
to the nominal midrange value. There is an inherent quantiza- 
tion uncertainty of +1/2LSB, associated with the resolution, 
in addition to the actual conversion errors. 


The actual conversion errors that are associated with A/D 
converters are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, reference error and power supply rejection. 
The matching and tracking errors in the converter have been 
minimized by the use of a monolithic DAC that includes:the 
scaling network, The initial gain and offset errors are specified 
at 0.1% FSR for gain and +0.05% FSR for offset. These 
errors may be trimmed to zero by the use of the external trim 
circuits as shown in Figures 6 and 8. Linearity error is defined 
as the deviation from a true straight line transfer characteristic 
from a zero analog input which calls for a zero digital output 
to a point which is defined as full scale. The linearity error is 
unadjustable and is the most meaningful indication of A/D 
converter accuracy. Differential nonlinearity is a measure of 
the deviation in the staircase step width between codes from 
the ideal least significant bit step size (Figure 5). 


Monotonic behavior requires that the differential linearity 
error be less than 1LSB, however a monotonic converter can 
have missing codes; the AD ADC84/AD ADC85 are specified 
as having no missing codes over the entire temperature range 
as specified on the data page. 


There are three types of drift error over temperature: offset, 
gain and linearity. Offset drift causes a shift of the transfer 
characteristic left or right over the operating temperature 
range. Gain drift causes a rotation of the transfer characteristic 
about the zero or minus full scale point. The worst case ac- 
curacy drift is the summation of all three drift errors over 
temperature. Statistically, however, the drift error behaves 

as the root-sum-squared (RSS) and can be shown as: 


RSS = Ec? + EQ? + ey” 


€q = Gain Drift Error (ppm/°C) 
€o = Offset Drift Error (ppm of FSR/°C) 
ey, = Linearity Error (ppm of FSR/°C) 
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Figure 5. Transfer Characteristics for an Ideal Bipolar A/D 


VOL. 1, 11-140 ANALOG-TO-DIGITAL CONVERTERS 


OFFSET ADJ USTMENT 

The zero adjust circuit consists of a potentiometer connected 
across +Vg with its slider connected through a 1.8MQ2 resistor 
to Comparator Input pin 22 for all ranges. As shown in Figure 
7 the tolerance of this fixed resistor is not critical, and a car- 
bon composition type is generally adequate. Using a carbon 
composition resistor having a -1200ppm/°C tempco contributes 
a worst-case offset tempco of 8X 244X 10°° X 1200ppm/°C = 
2.3ppm/°C of FSR, if the OFFSET ADJ potentiometer is set 
at either end of its adjustment range. Since the maximum off- 
set adjustment required is typically no more than +4LSB, use 
of a carbon composition offset summing resistor typically con- 
tributes no more than 1ppm/°C of FSR offset tempco. 


AD ADC84/ 


AD ADC85 


Figure 6. Offset Adjustment Circuit 


An alternate offset adjust circuit, which contributes negli- 
gible offset tempco if metal film resistors (tempco <100 
ppm/°C) are used, is shown in Figure 7. 
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Figure 7, Low Tempco Zero Adjustment Circuit 


In either zero adjust circuit, the fixed resistor connected to 
pin 22 should be located close to this pin to keep the pin 
connection runs short (Comparator Input pin 22 is quite 
sensitive to external noise pick-up). | 


GAIN ADJ USTMENT 

The gain adjust circuit consists of a potentiometer connected 
across tVg with its slider connected through a 10MQ resistor 
to the gain adjust pin 27 as shown in Figure 8. 
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Figure 8. Gain Adjustment Circuit 
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An alternate gain adjust circuit which contributes negligible 
gain tempco if metal film resistors (tempco <100ppm/ C) 
are used is shown in Figure 9. 
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Figure 9. Low Tempco Gain Adjustment Circuit 


THEORY OF OPERATION 

On receipt of a CONVERT START command, the AD ADC84/ 
AD ADC85 converts the voltage as its analog input into an equiv- 
alent 12-bit binary number. This conversion is accomplished as 
follows: the 12-bit successive-approximation register (SAR) has 
its 12-bit outputs connected both to the device bit output pins 
and to the corresponding bit inputs of the feedback DAC. 

The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The 
decision to keep or reject each bit is then made at the com- 
pletion of each bit comparison period, depending on the state 
of the comparator at that time. 


TIMING 

The timing diagram is shown in Figure 10. Receipt of a CON- 
VERT START signal sets the STATUS flag, indicating conver- 
sion in progress. This, in turn, removes the inhibit applied to 
the gated clock, permitting it to run through 13 cycles. All the 
SAR parallel bits, STATUS flip-flops, and the gated clock 
inhibit signal are initialized on the trailing edge of the 
CONVERT START signal. At time tg, By is reset and Bo - 


“Applying the AD ADC84/AD ADC85 — 


B42 are set unconditionally. At ty the Bit 1 decision is made 
(keep) and Bit 2 is unconditionally reset. At tz,.the Bit 2 
decision is made (keep) and Bit 3 is reset unconditionally. 
This sequence continues until the Bit 12 (LSB) decision (keep) 
is made at tj. After a 4Ons delay period, the STATUS flag is 
reset, indicating that the conversion is complete and that the 
parallel output data is valid. Resetting the STATUS flag re- 
stores the gated clock inhibit signal, forcing the clock output 
to the Logic ‘‘0”’ state. ae 


Corresponding serial and parallel data bits become valid on 

the same positive-going clock edge. Serial data does not change 
and is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into a 
receiving shift register on these edges (see Figure 10). 


Incorporation of this 4Ons delay guarantees that the parallel 
(and serial) data are valid at the Logic ‘‘1”’ to “O”’ transition 
of the STATUS flag, permitting parallel data transfer to be 
initiated by the trailing edge of the STATUS signal. 
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1. THE CONVERT START PULSE WIDTH IS 50ns MIN AND MUST REMAIN LOW DURING 
A CONVERSION. THE CONVERSION IS INITIATED BY THE “TRAILING EDGE” OF THE 


CONVERT COMMAND. 


2. 10us FOR 12 BITS AND 6us FOR 10 BITS (MAX). 


3. MSB DECISION 


4. LSB DECISION 40ns PRIOR TO FHE STATUS GOING LOW ‘ 


*BIT DECISIONS 


Figure 10. Timing Diagram (Binary CodeO0 11001110110) 
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DIGITAL OUTPUT DATA 

Both parallel and serial data from TTL storage registers are in 
negative true form. Parallel data output coding is complemen- 
tary binary for unipolar ranges and either complementary off- 
set binary or complementary two’s complement binary, de- 
pending on whether BIT 1 (pin 12) or its logical inverse BIT 1 
(pin 13) is used as the MSB, Parallel data becomes valid approx- 
imately 40ns before the STATUS flag returns to Logic 0”, 
permitting parallel data transfer to be clocked on the “1”’ to 
“0” transition of the STATUS flag. 


Serial data coding is complementary binary for unipolar input 
ranges and complementary offset binary for bipolar input 
ranges. Serial output is by bit (MSB first, LSB last) in NRZ 
(non-return-to-zero) format. Serial and parallel data outputs 
change state on positive-going clock edges. Serial data is guaran- 
teed valid 200ns after the rising clock edges, permitting serial 
data to be clocked directly into a receiving register on the 
negative-going clock edges as shown in Figure 10. There are 13 
negative-going clock edges in the complete 12-bit conversion 
cycle, as shown in Figure 10. The first edge shifts an invalid bit 
into the register, which is shifted out on the 13th negative- 
going clock edge. All serial data bits will have been correctly 
transferred and be in the receiving shift register locations 
shown at the completion of the conversion period. 


Short Cycle Input: A Short Cycle Input, pin 14, permits the 
timing cycle shown in Figure 10 to be terminated after any 
number of desired bits has been converted, permitting some- 
what shorter conversion times in applications not requiring full 
12-bit resolution, When 12-bit resolution is required, pin 14 is 
connected to +5V (pin 16), When 10-bit resolution is desired, 
pin 14 is connected to Bit 11 output pin 2. The conversion 
cycle then terminates, and the STATUS flag resets after the 
Bit 10 decision (tyg +4Ons in timing diagram of Figure 10). 
Short Cycle pin connections and associated maximum 12-, 
10- and 8-bit conversion times are summarized in Table I. 


Connect Short Connect Clock 


Maximum 
Cycle Pin 14 To Rate Control Resolution Conversion Status Flag 
Pin: Pin 17 To Bits (% FSR) Time (us) Reset 
16 15 12 0.024 10 ti2 + 40ns 
2 16 10 0.100 6 tio + 40ns 
28 a: 0.390 3.2 tg +40ns 


Table |, Short Cycle Connections 


INPUT SCALING 

The AD ADC84/AD ADCS85 inputs should be scaled as close 
to the maximum input signal range as possible in order to 
utilize the maximum signal resolution of the A/D converter. 
Connect the input signal as shown in Table II. See Figure 11 
for circuit details. : 


TO SAR 
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6.3k2 


~ COMPARATOR 
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OFFSET @3)—wr REF 

ANALOG 

COMMON 


Figure 11. AD ADC84/AD ADC85 Input Scaling Circuit 


For Direct For Buffered 
Input Input Pin 30 
Input Connect Connect Connect Connect 
Signal Output Pin 23 Pin 25 Input Pin 29 
Range Code To Pin To Signal To To Pin 
+10V COB or CTC 22 Input Signal 25 25 
+5V COB or CTC 22 Open 24 24 
+2.5V COB or CTC 22 ° Pin 22 24 24 
OVto+5V CSB 26 Pin 22 24 24 
OV to+10V CSB 26 Open 24 24 


Table 11, AD ADC84/AD ADC85 Input Scaling Connections 


INPUT VOLTAGE RANGE AND LSB VALUES 


Analog Input 


Voltage Range +10V +5V +2.5V OV to +10V OV to +5V 

Code COB* COB* COB* 

Designation or CTC** or CTC** or CTC** CSB*** CSB*** 

One Least FSR 20V 10V_ 5V 10V 5V 

Significant 28 2n 2" 2" 2n 2" 

Bit (LSB) n=8 78.13mV 39.06mV 19.53mV 39.06mV 19.53mV 
n=10 19.53mV 9.77mV 4.88mV 9.77mMV 4.88mV 
n=12 4.88mV 2.44mV 1.22mV 2.44mV 1.22mV 

Transition Values . 

MSB LSB | 

000...000**** +Full Scale +10V -3/2LSB +5V -3/2LSB +2.5V -3/2LSB +10V -3/2LSB +5V -3/2LSB 
011...111 Mid Scale 0 0 0 +5V +2.5V 
111...110 -Full Scale -10V +1/2LSB -5V +1/2LSB -2.5V +1/2LSB 0+ 1/2LSB O +1/2LSB 

NOTES: 


*COB = Complementary Offset Binary 


**CTC = Complementary Two's complement—obtained by using the complement 


of the most significant bit (MSB). MSB is available to pin 13. 
***CSB = Complementary Straight Binary. 


****Voltages given are the nominal value for transition to the code specified. 


Table Ill, Input Voltages and Code Definition 
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Figure 12. Analog and Power Connections for Unipolar 
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Figure 13. Analog and Power Connections for Bipolar -10V 
to +10V Input Range with Buffer Follower 


CALIBRATION 

External ZERO ADJ and GAIN ADJ potentiometers, con- 
nected as shown in Figures 12 and 13, are used for device 
calibration. To prevent interaction of these two adjustments, 
Zero is always adjusted first and then Gain. Zero is adjusted 
with the analog input near the most negative end of the analog 
_ range (0 for unipolar and -FS for bipolar input ranges). Gain 
is adjusted with the analog input near the most positive end of 
the analog range. 


0 to +10V Range: Set analog input to +1LSB = +0.0024V. 
Adjust Zero for digital output = 111111111110. Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. 
Adjust Gain for 000000000001 digital output code; full- 
scale (Gain) is now calibrated. Half-scale calibration check: 
set analog input to +5.0000V;; digital output code should be 
011111111111. 


-10V to +10V Range: Set analog input to -9.9951V; adjust 
Zero for 111111111110 digital output (complementary offset 
binary) code. Set analog input to +9.9902V; adjust Gain for 
000000000001 digital output (complementary offset binary) 
code, Half-scale calibration check: set analog input to 0.0000V; 
digital output (complementary offset binary) code should be 
0111111111111. 

Other Ranges: Representative digital coding for 0 to +10V and 
-10V to +10V ranges is given above. Coding relationships and 
calibration points for 0 to +5V, -2.5V to +2.5V and -5V to 


+5V ranges can be found by halving the corresponding code 
equivalents listed for the 0 to +10V and -10V to +10V ranges, 


respectively. 


Zero and full-scale calibration can be accomplished to a pre-. 
cision of approximately +1/4LSB using the static adjustment 
procedure described above. By summing a small sine or tri- 
angular-wave voltage with the signal applied to the analog in- 
put, the output can be cycled through each of the calibration 
codes of interest to more accurately determine the center (or 
end points) of each discrete quantization level. A detailed 
description of this dynamic calibration technique is presented 
in “‘A/D Conversion Notes’’, D. Sheingold, cara: Devices, 
Inc., 1977, Part II, Chapter 4, 


GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
“grounds” are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD ADC84/AD ADC85, Separate 
ground returns should be provided to minimize the current 
flow in the path from sensitive points to the system ground 
point. In this way supply currents and logic-gate return cur- 
rents are not summed into the same return path as analog 
signals where they would cause measurement errors. 


Each of the AD ADC84/AD ADC85’s supply terminals should 
be capacitively decoupled as close to the AD ADC84/ 

AD ADC85 as possible. A large value capacitor such as 11F 

in parallel with a 0,1yF capacitor is usually sufficient. Analog 
supplies are bypassed to the Analog Power Return pin and the 


. logic supply is bypassed to the Logic Power Return pin. 


CLOCK RATE CONTROL ALTERNATE CONNECTIONS 
If adjustment of the CLOCK RATE is desired for faster con- 
version speeds, the CLOCK RATE CONTROL may be con- 
nected to an external multi-turn trim potentiomer with a 
TCR of +100ppm/°C or less as shown in Figures 14 and 15. 
If the potentiometer is connected to -15V, conversion time 
can be increased as shown in Figure 10. If these adjustments 
are used, delete the connections shown in Table I for pin 17. 
See Figure 1 for nonlinearity error vs. conversion speed and 
Figure 4 for the effect of the control voltage on clock speed. 


+5V 
CLOCK 
2k2. FREQUENCY 
ADJUS 


CLOCK 
RATE ‘On ---- 
CONTROL 


(12-BIT RESOLUTION) 
RANGE OF ADJUSTMENT IS 10 TO 7.5yus 


Figure 14. 12-Bit Clock Rate Control Optional Fine Adjust 


+15V 


CLOCK CLOCK 
RATE @- — — — — 625k FREQUENCY 
CONTROL ADJUST 


(8- OR 10-BIT RESOLUTION) 
RANGE OF ADJUSTMENT IS 8 TO 4yus FOR 
10-BIT AND 6.5 TO 3us FOR 8-BIT RESOLUTIONS 


Figure 15. 8-Bit Clock Rate Control Optional Fine Adjust 
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MICROPROCESSOR INTERFACING 
The 10ps conversion time of the ADC84/ADC85 suggests 
several different methods of interface to microprocessors, In 
systems where the AD ADC84/AD ADC85 is used for high | 
sampling rates on a single signal which is to be digitally pro- 
cessed, CPU-controlled conversion may be inefficient due to 
the slow cycle times of most microprocessors. It is generally 
preferable to perform conversions independently, inserting 
the resultant digital data directly into memory. This can be 


- done using direct memory access (DMA) which is totally 


transparent to the CPU. Interface to user-designed DMA hard- 
ware is facilitated by the guaranteed data validity on the fall- 
ing edge of the EOC signal. 


Clearly, 12 bits of data must be broken up for interface to an 
8-bit wide data bus. There are two possible formats: right- 
justified and left-justified. In a right-justified system, the 
least-significant 8 bits occupy one byte and the four MSB’s 
reside in the low nybble of another byte. This format is use- 
ful when the data from the ADC is being treated as a binary 
number between 0 and 4095. The left-justified format sup- 
plies the eight most-significant bits in one byte and the 7 
4LSB’s in the high nybble of another byte. The data now re- 
presents the fractional binary number relating the analog 
signal to the full-scale voltage. An advantage to this organiza- 
tion is that the most-significant eight bits can be read by the 
processor as a coarse indication of the true signal value. The 
full 12-bit word can then be read only when all 12 bits are 
needed. This allows faster and more efficient control of a 
process. | | 


Figure 16 shows a typical connection of an 8085-type bus, 
using a left-justified data format for unipolar inputs. Status 
polling is optional, and can be read simultaneously with the 
4LSBs, If it is desired to right-justify the data, pins 1 through 
12 of the AD ADC84/AD ADC85 should be reversed, as well 


+5V +15V -15V 


14 | 16 | 28} 31 


= 
nN 


_ 
\/ 


ANALOG | 
oF OTT 
‘ oS > AD3 
-AD ADC84/ AD2 
AD ADC85 
AD1 
ADO 
V 
CONVERT 
START 
START 
ADDRESS 
(ACTIVE LOW) 
Wa 
HIGH BYTE 
ADDRESS 
(ACTIVE LOW) 
aD 
LOW BYTE 
ADDRESS 
(ACTIVE LOW) 
Figure 16. AD ADC84/AD ADC85-8085A Interface 
Connections 


as the connections to the data bus and high and low byte 
address signals. 


When dealing with bipolar inputs (t5V, +10V ranges), using 
the MSB directly yields a complementary offset binary-coded 
output. If complementary two’s complement coding is desired, 
it can be produced by substituting MSB (pin 13) for the MSB. 
This facilitates arithmetic operations which are subsequently 
performed on the ADC output data. 


ORDERING GUIDE 


Temperature 
Model’ Linearity Range 
AD ADC84-10 +0.048% 0 to +70°C 
AD ADC84-12  +0.012% 0 to +70°C 


AD ADC85C-10 +0,048% 0 to +70°C 
AD ADC85C-12 +0.012% 0 to +70°C 


AD ADC85-10 +0.048% 
AD ADC85-12 +0.012% 
AD ADC85S-10 +0.048% 
AD ADC858-12 +0.012% 


1 For complete model number suffixes must be added for, 


-25°C to +85°C 
-25°C to +85°C 
-55°C to +125°C 
-55°C to +125°C 


“Z” option (+12V operation), linearity and military 


screening. The following guide shows the proper suffix order. ***Linearity 


AD ADC (*)(**)- (***)/(* ***) 


2See Section 20 for package outline information. 
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Gain Package 
Package T.4.= ppm/ C Option” 
Ceramic +30 HY32F 
Ceramic +30 HY32F . 
Hermetic Ceramic +40 HY32F 
Hermetic Ceramic +25 HY32F 
Hermetic Ceramic +20 HY32F " 
Hermetic Ceramic #15 HY32F 
Hermetic Ceramic +25 HY 32F 
Hermetic Ceramic +25 HY32F 


*Model Number Typical Part Numbers 
**°Z” Version Designator AD ADC84-12 

AD ADC85SZ-12/883B 
****883B” Versions 


ANALOG 
DEVICES 


FEATURES 

14-BIT Resolution and Accuracy 

Fast 12us Conversion Time (ADC1131J/K) 
Low 10ppm/°C Maximum Gain TC 

User Choice of Input Range 

‘No Missing Codes 


APPLICATIONS 

Wide Band Data Digitizing 
Multi-Channel Computer Interface 
High Accuracy Data Acquisition 
X-Ray Tomography 

Nuclear Accelerator Instrumentation 


GENERAL DESCRIPTION 

The ADC1130 and ADC1131 are high speed analog-to-digital 
converters packaged in a small 2” x 4” x 0.4" (51x 102 x 10mm) 
module, which perform complete 14-bit conversions in 25s 
and 12us respectively. Using the successive approximations 
technique, they convert analog input voltages into natural 
binary, offset binary, or two’s complement coded outputs. 
Data outputs are provided in both parallel and non-return-to- 
zero serial form. 


Four analog input ranges are available: 0 to +20V, 0 to +10V, 
+10V, +5V. The user selects the desired range by making ap- 
propriate connections to the module terminals. The ADC1130 
and ADC1131 can also be connected so as to perform conver- 
sions of less than 14 bit resolution with a proportionate de- 
crease in conversion time. 


TIMING 

As shown in Figure 1, the leading edge of the convert command 
set the MSB output to Logic ‘‘0” and the CLOCK OUT, 
STATUS, MSB, and BIT 2 through BIT 12 outputs to Logic 
“1”, Nothing further happens until the convert command re- 
turns to Logic “‘O’’, at which time the clock starts to run and 
the conversion proceeds. 


With the MSB in the Logic “O”’ state, the internal digital-to- 
analog converter’s output is compared with the analog input. 
If the D/A output is less than the analog input, the first “O”’ to 
“1” clock transition resets the MSB to Logic “‘1”’. If the D/A 
output is greater than the analog input, the MSB remains at 
Logic ‘‘O”’. 

The first “‘O”’ to “1” clock transition also sets the BIT 2 output 
to Logic “O”’ and another comparison is made. This process con- 
tinues through each successive bit until the BIT 14 (LSB) com- 
parison is completed. At this point the STATUS and CLOCK 
OUT return to Logic “0” and the conversion cycle ends. 


The serial data output is of the non-return-to-zero (NRZ) format. 


The data is available, MSB first, 20ns after each of the four- 
teen ‘‘O” to ‘‘1”’ clock transitions. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 11-11. 
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14- Bit High Speed: 
Analog-to-Digital Converters 


ADC1130, ADC1131 


ADC1130 AND ADC1131 
FUNCTIONAL BLOCK DIAGRAM 


GAIN ADJUST 
e@ 


ANALOG PRECISION 
REFERENCE 


SOURCE 


PRECISION DAC 
(4mA FULL 
SCALE OUTPUT) 


BIP 
id beset 
20] 0 
OFFSET 
OUT 
ceed in 5182 
23| 0 


COMPARATOR 


GRO SENSE Wg 


25 | O—® -15V 


Co 
APPROXIMATION 
Co 


27 | O—* + 15V 


29 | O—> +5V 
30 gee DIG. GRD 

. SER. OUT 
32 
33 |0 STATUS 
3410 CONVERT CMO 

CLOCK IN SHORT 
35 | 0 INTERNAL 
Y 

36 | o CLOCK OUT CLOCK CYCLE | 


CONVERT f | 

COMMAND 

CLOCK eeee ° FLA 
ouT __I U L Li LAL 


STATUS 


MSB ao so ee 
BIT 2 rT] 


BIT 13 


LSB | | 
MSB | 


BIT 2 BIT 13 
SERIAL eeoeeeee 
OUTPUT ES 


MSB_ BIT 3 PREVIOUS WORD: 100... 10 


NEW WORD: 101... 01 


Timing Diagram 
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MODEL 


RESOLUTION, BITS 
CONVERSION TIME (max) 


ACCURACY 
Integral Nonlinearity Error (LSB) 
Differential Nonlinearity 
Error (LSB) 
Missing Codes 


TEMPERATURE COEFFICIENTS — 
Gain ppm/°C 
Unipolar Offset 
Bipolar Offset 


INPUT VOLTAGE RANGES 


MEDIUM SPEED 25ys 
ADC1130 


HIGH SPEED 12ys 
ADC1131 


+1/2 (max) 


+1/2 (1 max) 


+1/2 (max) 
No missing codes , 


+12 (max) 
+0.7 (+3 max) 
+3 (+7 max) a 


+7 (+10 max) 
* 


t5V, t10V, +10V, +20V o bf 


INPUT IMPEDANCE (10V RANGE) | 25002 : . 


CONVERT COMMAND 


PARALLEL DATA OUTPUT 
Unipolar 
‘Bipolar 


SERIAL DATA OUTPUT 
Unipolar 
Bipolar 


STATUS OUTPUT 


LOGIC FANOUTS AND LOADINGS 
Convert Command Input 
Clock Input 
Short Cycle Input 
Parallel Data Outputs 
Serial Data Output 
STATUS Output 
STATUS Output 
Clock Output 


POWER REQUIREMENTS 


POWER SUPPLY SENSITIVITY 
To #15V Tracking Supplies 
Gain 
Zero 
To £15V Non-Tracking Supplies 
Gain 
Zero 
TEMPERATURE RANGE 
Operating 
Storage 


*Same Specifications as ADC1131J. 
NOTES: 


Positive Pulse, 200ns min, 

400ns max Leading Edge *- 
Resets, Trailing Edge Starts, 

TTL/DTL Compatible 


Positive True Binary 
Positive True Offset Binary, 
Two's Complement 


Positive True Binary 
Positive True Offset Binary 


“1” During Conversion. 
Complement also available 
TTL/DTL Compatible. 


1TTL Unit Load ‘ 
3TTL Unit Loads - 
1TTL Unit Load * 
3TTL Unit Loads/Bit we 
8TTL Unit Loads * 
2TTL Unit Loads - 
12TTL Unit Loads . 
4TTL Unit Loads , 
+15V +5% @ 40mA * 
-15V +5% @ 60mA . 
+5V 5% @ 250mA r 
+4.5ppm/%A Vc ; 
+4.5ppm/%A Vc be 
+10ppm/%A Vo 
+7ppm/%A Vc ig 
0 to +70°C Bs 
-55°C to +85°C ‘ 


’ Offset (zero) and gain errors are adjustable to zero by means of external 


, Potentiometers. 


? Recommended power supply: Analog Devices model 923. 


Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 


Tae 2.01 MAX (51.1) a 0.41 MAX (10.4) 


0.019 DIA (0.48) 0.2 MIN (5.1) 


HO 4.02 MAX 
(102.1) 


a 
Lace 


a 
BOTTOM VIEW 


—=| ee GRID 0.1" (2.5) 


NOTE: 


Terminal pins installed only in shaded hole 


locations. 
Module weight: 3.5 ounces (99.3 grams). 


ANALOG Low Cost 16-Bit 
DEVICES -Analog-to-Digital Converter 


ADC1140 


FEATURES ADC1140 FUNCTIONAL BLOCK DIAGRAM 


Guaranteed Nonlinearity: +0.003% FSR max 
35us Maximum Conversion Time 

Small Size 2” X 2” X 0.4" 

Wide Power Supply Operation: +12V to +17V 
Low Cost 


APPLICATIONS 

Process Control Data Acquisition 
Seismic Data Acquisition 

Nuclear Instrumentation 

Medical Instrumentation 

Pulse Code Modulation Telemetry 
Industrial Scales 


Robotics 
GENERAL DESCRIPTION TTT 
The ADC1140 is a low cost 16-bit successive-approximation TT iy Tt 
analog-to-digital converter having a 35s maximum conversion t5v (1) 16-BIT SUCCESSIVE 
time. This converter provides high accuracy, high stability, and APPROXIMATION REGISTER 
low power consumption all in a 2” X 2” X 0.4” module. GROUND 
High accuracy performance such as integral, and differential CONVERT ee 


CLOCK 


nonlinearity of 0.003% FSR max are both guaranteed. Guar- 
anteed stability such as differential nonlinearity TC of £2ppm/ 
oC maximum, offset TC of +30uV/°C maximum, gain TC of 


+12ppm/°C maximum, and power supply sensitivity of The ADC1140 can operate with power supplies ranging from 
+0,002% of FSR/% Vs are also provided by the ADC1140. +12V to +17V and has provisions for a user supplied ex- ; 
The ADC1140 makes extensive use of both integrated circuit ternal reference. Four analog input voltage ranges are selectable 
and thin-film components to obtain excellent performance, via pin programming: +5V, +10V, 0 to +5V and 0 to +10V. 
small size, and low cost. The internal 16-bit DAC incorporates Bipolar coding is provided in the offset binary and two’s com- 
Analog Devices proprietary thin-film resistor technology and plement formats with unipolar coding displayed in true binary. 


proprietary CMOS current-steering switches. A low noise ref- 
erence, low power comparator, and low power successive-ap- 
proximation register are also used to optimize the ADC1140’s 
design. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 11-15. 
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SPECIFICATIONS (typical @ +25°C +Vs = +15V, Vcc = +5V, eee +10.0V unless otherwise specified) 


Model ADC1140 
RESOLUTION 16 Bits 
CONVERSION TIME . 35s max 
ACCURACY’ 
Nonlinearity Error +0.003% FSR* max 
Differential Nonlinearity Error =0008e FSR* max > 
STABILITY 
Differential Nonlinearity +2ppm/°C max 
Gain (with internal reference) +12ppm/°C max 
(without internal reference) +4ppm/" C max 
Unipolar Offset +30uV/°C max 
Bipolar Offset | +7ppm/°C max 


POWER SUPPLY SENSITIVITY +0.002% FSR/% Vs 


ANALOG INPUT 
Voltage Ranges 


OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 


[ene ce (51.1) = 


2(5.0)MIN 


ae 


Bipolar +5V, +10V PEEP Peer ert 
Unipolar 0 to +5V, 0 to +10V Be res, a Len (2.5)'GRID 
Input Resistance IN SHADED HOLE LOCATIONS. 
Oto +5V . 2.5kQ 
0 to +10V, t5V 5.0kQ MATING PINS 
External Reference Input® PIN DESIGNATIONS | 
Voltage Range 0 to +12V 
-<-- inpurResietance 2.5kQ 
DIGITAL INPUT : mene SNe ANALOG GROUND 
_ Convert Command Positive Pulse, 100ns Width min a Minioainte 
Negative Edge Triggered 6 ANALOG IN 3 
Logic Loading 1TTL Load 8 REFERENCE IN 
DIGITAL OUTPUT STATUS 
Parallel Output Data Pra et e ate 
Unipolar Binary (BIN) ore 
Bipolar Offset Binary (OBIN) Two’s Complement es 
Output Drive 1TTL Load 
Status Logic ‘‘1’’ During Conversion 
Output Drive 1TTL Load 
INTERNAL REFERENCE VOLTAGE +10V, +0.3% 
External Load Current - 
(Rated Performance) ~ 2mA max 
__ Temperature Stability +8.5ppm/°C max 
POWER REQUIREMENTS” 
Voltage (Rated Performance) +15V £+3%, +5V £3% 
Voltage (Operating) +12V to +17V, +4.75V to +5.25V | 
Supply Current Drain +15V +25mA 
+5V 150mA 
TEMPERATURE RANGE 
Specified 0 to +70°C 
Operating | -25°C to +85°C 
Storage -55°C to +85°C 
SIZE 2" X 2" X 0.4” (51 X 51 X 10.4mm) 
Weight 1.2 oz (33g) 
’ Offset and gain error are adjustable to zero by means of external “Recommended Power Supply: Analog Devices Model 923. 
potentiometers, 


3 FSR means Full Scale Range. 
* Rated performance is specified with +10.0V reference. 


VOL. I, 11-148 ANALOG-TO-DIGITAL CONVERTERS 


Specifications subject to change without notice. 


ANALOG ~——CC*«CUitr-Fastt Hybrid 
DEVICES ~ Analog to Digital Converters 


FEATURES 


‘ ‘ HAS SERIES FUNCTIONAL BLOCK DIAGRAM 
@ Conversion Times as Low as 1.2us 
@ Resolution: 8, 10 and 12 Bits 
@ Exceptional Accuracy, 0.012% of F.S. 
DATA READY 
@ Low Power rere BIT 1 
@ Contained in Glass or Metal 32-Pin DIP oun aiid 
: Ota: > 
© Adjustment-Free Operation See i 3 
: PRETRIMMED APPROXIMATION | La 
APPLICATIONS | DIAGND'S MIMEFERENCE oe OT aNE A og Ae 
. U 
@ Waveform Analysis DRIVER , : 
@ Fast Fourier Transforms GROUND © 1 |§ 
| ai 
@ Radar COMPARATOR g , € 
ANALOG ‘ 
INPUT O BIT 12 
(LSB) 
GROUND O 
D/A IN 
GATING AND 
CONTROL 
CIRCUITS 
GENERAL DESCRIPTION H15V-15V_45V DIGITAL ENCORE 
With a typical conversion time of only 2.2us for complete 12- artes sa 
7 7 ices’ ies hy bri miemE Tice te pepe cats 
bit conversion, the Analog Devices’ HAS series hy brid A/D con- Bo eee OND i ar tit one te SRE NOT Con: 
verters are among the fastest, smallest, most complete successive- BEER EIRGUAH GPCR IGREEOMNCEE PING AISA MDIES: 
approximation A/D’s available. Housed in 32-pin DIP packages, SDeGueE a  e 
these converters feature laser trimming for accuracy and line- 
arity surpassing the best modular competitive A/D’s, This 
series offers a unique combination of flexibility and simpli- Extreme care in circuit layout should be exercised when using 
city which allows them to be used as stand-alone A/D con- these hybrids in order to obtain rated performance, In partic-’ 
verters requiring no additional external potentiometers and ular, input and output runs should be as short as possible, a 
needing only an analog input signal and encode command ground plane should be used to tie all ground pins together, 
for operation. and power supplies should be bypassed as close to the hybrid 


circuit power supply pins as possible. Do not allow input or 
other analog signal lines to be in close proximity to or cross 
over any digital output line. 


The HAS-1202 A/D features an accuracy of 0.012% and when 
combined with an HTC-0300 track-and-hold, forms an A/D 
conversion system capable of up to 350kHz sampling rates. 


The HAS series A/D’s are ideally suited for applications re- 
quiring excellent performance characteristics, small size, low 
power consumption and adjustment-free operation. Some of 
these applications include radar, PCM, data-acquisition, and 
digital-signal-processing systems where FFT’s and other digital 
processing techniques are to be performed on analog input 
data. 


For the ultra-high reliability requirements of military and aero- 
space applications these A/D’s are optionally available with 
hermetically sealed metal cases and with MIL-STD-883 
processing. 
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SPECIFICATIONS (typical @ abt with nominal voltages unless otherwise noted) 


‘4 


MODEL UNITS HAS-0802 HAS-1002 HAS-1202 
RESOLUTION BITS 8 , 10 12 
LSB Weight ' % Full Scale 0.4 0.1 0.025 
| mV 40 10 2.5 
RELATIVE ACCURACY (INCLUDING LINEARITY) % Full Scale 0.05 0.025 0.012 
Quantization Error LSB +1/2 * be 
LINEARITY VS. TEMPERATURE ppm/C 3 . * 


(No Missing Codes over Temperature Range) 
INPUT OFFSET VOLTAGE 


Initial (Trimmable to Zero) mv 10 : i 
Zero Offset vs. Temperature pvc 15 
Bipolar Offset vs. Temperature VPC 100 s : 
GAIN ERROR ; 
Initial (Trimmable to Zero) % Full Scale 0.1 - 
Gain vs. Temperature ppm/c 30 * if 
INPUT i 
Ranges (Full Scale) 
“Built-In” Standard Unipolar V 40.1% +10.24 : 7 
Bipolar V +0.05% £5.12 . * 

Resistor Programmable (See Figure 3) V, Oto: +5, +7.5, +15, +20, 2.5, +3.75, 7.5, +10 
Impedance Q min 1000 . - 
Overvoltage Vv Two Times Full Scale + or - 

CONVERSION TIME (COMPLETE CYCLE TIME) Ms max (typ) 1.5 (1.2) 1.7 (1.4) 2.8 (2.2) 
enced 
CONVERSION RAT kHz max 667 588 357 


Logic Levels (Positive Logic) Vv “0” = 0 to +0.4, “1” = +2 to +5 
Function! ‘Logic ‘*1’’ Resets Converter 
Logic ‘‘O” Starts Conversion 

Loading 1 Standard TTL Load: 

“0” = -1.6mA, max 

1” = 40uA, max 
Pulse Width ns min 100 4 id 
Repetition Rate 0 to Maximum Conversion Rate 
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Data Ready (DR) 

Function Signals conversion is complete when low. 
After DR goes low, data is valid. A new con- 
version may be initiated at this time. DR may 
be used to strobe data into external register if 
adequate register setup time is allowed. 


Timing See Figure 1 
Loading 5 Standard TTL Loads, max 
Parallel Data 
Format 8-, 10-, or 12-bits parallel data. Valid from time 


DR output goes low until 20ns after receipt of next 
encode command. 
Logic Levels TTL Compatible: 
“0” = OV to +0.4V 
“1" = +2.4V to +5V 


Loading Will drive up to 5 Standard TTL Loads or 2 TTL 
“S” or “H” Loads. 
Coding? Offset Binary (BIN) for Unipolar Inputs: 


+10.244V=1111....1 
0V=0000....0 
Offset Binary (OBN) for Bipolar Inputs: 
*5,02V = DET lacoacdl, 
OV=0111....1 
-5.12V=0000....0 


POWER REQUIREMENTS 


+14.5V to +15.5V (+18V Absolute Max) mA 40 

-14.5V to -15.5V (-18V Absolute Max) mA 15 

+4.75V to +5.25V (+7V Absolute Max) mA 200 * 
TEMPERATURE RANGE 

Operating (Case) C 0 to +70 . 

Storage i -55to +125 * * 
PACKAGE OPTION? HY32A (glass package) HY32C (metal package) 
NOTES: 


‘After converter is reset, all other logic signals, including 
clock, are internally generated. 

2 When HAS series A/D’s are used with HTC-0300 track/hold, 
output coding is complementary binary (CBN) for unipolar 
inputs and complementary offset binary (COB) for bipolar 
inputs (see Table 1). 

See Section 20 for package outline information, 


*Specifications same as model HAS-0802. 
Specifications subject to change without notice. 
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Table 1. Output Coding” 


SCALE INPUT OF HTC-0300 INPUT OF HAS-1202 DIGITAL OUTPUT 


_ UNIPOLAR OPERATION 
FS-1LSB -10.2375V +10.2375V 111111111111 
3/4 FS - 7,6800V + 7,6800V 110000000000 
1/2 FS - 5.1200V + 5,1200V 100000000000 
1/4 FS - 2.5600V + 2,5600V 010000000000 
+1LSB - 0.0025V + 0.0025V 000000000001 
0 . 0.0000V 0.0000V 000000000000 
BIPOLAR OPERATION 
+FS-1LSB - §,1175V + 5.1175V 111111111111 
) 0.0000V 0.0000V 100000000000 
-FS+1LSB + 5.1175V - §.1175V 000000000001 
-FS + 5.1200V - 5.1200V 000000000000 


*Coding and input levels shown are for HAS-1202. For 8- and 10-bit 
A/D’s the input levels are less by the values of the LSB weight for 
each type, and the digital output will show only 8 or 10 bits, respectively. 


PIN DESIGNATIONS 
HAS-1202* 


+15V 

BIT 1 OUTPUT (MSB) 
BIT 2 OUTPUT 

BIT 3 OUTPUT 

BIT 4 OUTPUT 

BIT 5 OUTPUT 

BIT 6 OUTPUT 

BIT 7 OUTPUT 

BIT 8 OUTPUT 

BIT 9 OUTPUT 


D/A OUT 
D/A IN 


*HAS-1002, PINS 15 AND 16 ARE NOT 
CONNECTED INTERNALLY. 
HAS-0802, PINS 13, 14, 15 AND 16 
ARE NOT CONNECTED INTERNALLY. 
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ENCODE 
COMMAND | + 150ns 


i] 
: 
DATA | 
READY 60ns mast 3 2.8us (MAX) 


1 [= 150ns 


' \ 
! ( 
1 | 
BIT 1 ; 
(MSB) t { 
{ 
' 
{ 


( 
| 
1 
Ace x | Gace 9 BBs imax) ——fo 


TIMING SHOWN FOR HAS-1202. TIMING IS SIMILAR FOR HAS-1002 AND 
HAS-0802 EXCEPT LSB IS BIT 10 AND 8, RESPECTIVELY, AND TOTAL 
TYPICAL CONVERSION TIME IS 1.4us AND 1.2us, RESPECTIVELY. 


Figure 1. Timing Diagram (Typical) 


STANDARD 
+10.24V 
INPUT 


FS ADJUST 
5022 


-- iy == 


OPTIONAL 0 TO +10.000 +2% 
RANGE WITH 
GAIN ADJUSTMENTS 


HAS-0802 
HAS- 1002 
GND FOR HAS- 1202 
UNIPOLAR 


RANGES 
GND 29 FOR - 
UNIPOLAR RANGES ORY 
UNGND 29 AND TIE TO 
21 FOR BIPOLAR INPUTS 


+15V 
150kQ 


10k92 we 
OPTIONAL OFFSET ADJ 


-15V 


NOTES: 

1. THIS CIRCUIT SHOWN FOR UNIPOLAR (0 TO +10.24V) 
INPUT. OV INPUT = 000000000000; +10.24 INPUT = 
111111111111. 


2. FOR BIPOLAR (+5.12V) INPUT, UNGROUND PIN 29 AND 
. CONNECT PIN 29 TO PIN 21. 


3. FOR EXTRA-PRECISE GAIN (FULL-SCALE) ADJUSTMENT, 
CONNECT A 502 VARIABLE RESISTANCE IN SERIES WITH 
PIN 26 OF HAS-1202. THIS WILL RESULT IN 0 TO +10.000V 
INPUT WITH ADJUSTMENT RANGE OF +2% OF FULL SCALE. 

4. FOR EXTRA-PRECISE ZERO OFFSET ADJUSTMENT, CONNECT 
150k RESISTOR FROM PIN 21 TO THE TAP OF A 10k POTEN- 
TIOMETER. END TERMINATIONS OF POTENTIOMETER CONNECT 
TO +15V AND -15V. THIS ZERO OFFSET ADJUSTMENT WILL 
HAVE A RANGE OF APPROXIMATELY +100mV. 


Figure 2, Input Connections For Standard Input Ranges 
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ABSOLUTE 
MAXIMUM 
INPUT RANGE R1 -R2 Zn COSIGNAL 
0 to +5V, +2.5V SHORT 800 500 +10V 
0 to +7.5V, $3.75V SHORT 2500 750 +15V 
0 to +15V, +7.5V 500 OPEN 1500 +30V 
0 to +20V, +10V 1000 OPEN 2000 +40V 


Input Connections For Optional Input Ranges 


OPTIONAL FS 
FINE ADJ 


ANALOG 
SIGNAL © 


HAS-0802 
HAS- 1002 
HAS-1202 


Figure 3. Full Scale Trim 


APPLICATION CIRCUIT 


ANALOG 
INPUT © 
0 TO -10.24V 


HTC-0300 
TRACK 
13 AND 21 
HOLD 


ENCODE 
COMMANDO 


TTL PULSE 
150ns WIDTH 


Figure 4. DC to 350kHz, 12-Bit, A/D Conversion System 


ORDERING INFORMATION 

Order model number HAS-0802, HAS-1002, or HAS-1202 for 
8-, 10-, or 12-bit operation, respectively. Mating connector for 
the HAS series A/D’s is model number HSA-2. Metal cased ver- 
sions of this A/D with extended operating temperature range, 
and MIL-STD processing are also available. Consult the factory 
or nearest Analog Devices’ sales office for further information. 
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Ultra High Speed — 
8- and 10-Bit A/D Converters 


FEATURES 
High Speed at Low Cost 
8-Bits @ 750ns max 
10-Bits @ Tus max 
Monotonic Over Temperature 
Differential Nonlinearity +1/4LSB typ 
Parallel and Serial Outputs 
Pin and Function Compatible with 4130, 4131 


APPLICATIONS 

High Speed Data Acquisition 
Real Time Waveform Analysis 
Radar Signal Processing 
Analytical Instruments 


GENERAL DESCRIPTION 

The MAH series of high-speed analog-to-digital converters 
represent the latest ‘‘state-of-the-art’’ in high speed succes- 
sive approximation technology. They are the fastest and most 
accurate complete converters of their type, featuring internal 
reference, clock, timing, encoding, and control logic functions. 
The MAH series A/Ds should be considered in applications 
where completeness of design function, ease of interface, and 
speed are required. These modules make maximum use of the 
latest monolithic and hybrid parts to minimize total parts 
complexity and ‘increase reliability. They are designed to be 
form, fit, and function compatible with the T.P. 4130 and 
4131, with advantages over the latter in overall accuracy with- 
out any sacrifice in speed. 

In almost all applications, these A/Ds require the use of 

fast sample-and-hold. Depending upon the application, either 


the ADI THC or THS series of ultra-fast sample-and-holds are 
recommended. 


ORDERING INFORMATION 
The 8- and 10-bit versions of the MAH series may be ordered 
with various options according to the chart below. 


MAH-0801 -1 


, 


RESOLUTION ANALOG INPUT 
AND ACCURACY RANGE 
MAH-0801 = 8 Bits -10to-5V FS 
MAH-1001 = 10 Bits ~ -20 to -10V FS 
-3 +5V FS 
-4 +10V FS 


-5 £1.024V FS 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume I, page 11-19. 


MAH-0801, -1001 


MAH-0801, MAH-1001 FUNCTIONAL BLOCK DIAGRAM 
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NOTES: 
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SPECIFICATIONS. (typical @ — unless otherwise a 


MODEL 2 UNITS MAH-0801 MAH-1001 
RESOLUTION FS @ Full Scal Bits 8 10 
ACCURACY (Relative to Full Scale) +% FS 0.02 - 
Quantization Error LSB +1/2 . 
Nonlinearity | LSB (max) +1/4 +1/2 
Differential Nonlinearity LSB (max) +1/4 +1/2 
LSB (typ) +1/8 +1/4 
Missing Codes No Missing Codes 0 to +70°C 
Monotonicity Monotonic 0 to +70°C 
TEMPERATURE COEFFICIENTS 
Differential Nonlinearity | +ppm/°C 3 ? 
Gain +ppm/°C 20 . 
Zero Offset (Unipolar) tuvVPC 10 * 
Zero Offset (Bipolar) +tppm/°C 15 = 
INPUT 
Ranges (Full Scale). 
MAH-XXXX-1 V 0 to -5 . 
MAH-XXXX-2 Vv 0 to -10 4 
MAH-XXXX-3 Vv 25 J 
MAH-XXXX-4 Vv +10 id 
MAH-XXXX-5 Vv +1.024 sd 
Impedance (Function of Option) 2/V 100 * 
OVERVOLTAGE Vv To Twice Peak Input FS Without Damage. 
CONVERSION TIME! ns max 750, 1000 
ns typ 700 950 
ENCODE COMMAND 
Logic Levels (1 Standard TTL Load) Vv “0” = 0 to +0.4, “1” = +2 to +5.5 
Function Positive-going edge resets converter. 
Trailing edge starts conversion. 
Duration (Width) nsmin (max) . 50 (150) . 
Rise and Fall Times ns max 20 % 
Repetition Rate kHz max 1333 1000 
LOGIC OUTPUTS 
Levels TTL (Same as Encode Command) 
Drive Capability Data and Data Ready—10 Std TTL Loads, 
Clock—10 TTL Loads 
Parallel Data 8 or 10 lines of data held until start of 
next Encode Command 
Coding (Unipolar) . CBN ' ° 
(Bipolar) COB/C2SC * 
Serial Data MSB first, successive pulse output during 
conversion, NRZ. 
Coding Same as parallel output except 2SC not 
available. 7 
Clock Pulse train of 9 or 11 internal clock pulses, 


gated on during the conversion period. 


POWER REQUIREMENTS 


+14.5V to +15.5V mA max 50 

-14.5V to -15.5V mA max 30 

+5V 5% mA max 250 
TEMPERATURE RANGE 

Operating 7G 0 to +70 “ 

Storage °C -55 to +85 
PHYSICAL CHARACTERISTICS 

Case Diallyl Phthalate per MIL-M-14 Type SDG-F 
NOTE: 


1 Total conversion ume from leading edge of encode command pulse to 
trailing edge of data ready pulse with 5Ons wide encode command. 


*Specifications same as MAH-0801. 
Specifications subject to change without notice. 
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Ultra High Speed 8-1 0- 
and 12-Bit A/D Converters 
MAS-0801, -1001, -1202 


FEATURES 
High Speed at Low Cost 
8 Bits 1us max 
10 Bits 1.5us max 
12 Bits 2us max 
No Missing Codes Over Temperature 
Low Power 
Industry Standard Pin Out 
Parallel and Serial Outputs 


APPLICATIONS 

High Speed Data Acquisition 
Real Time Waveform Analysis 
Radar Signal Processing 
Analytical Instruments 


GENERAL DESCRIPTION — 

The MAS series of high speed analog to digital converters 
represent the “state of the art” in application of the succes- 
Sive approximation conversion technique by providing highest 
speed at lowest cost. With monotonicity guaranteed over 
temperature these reliable modules are form, fit and function 
compatible with popular industry standards from Datel and 
Philbrick (for new designs consider the HAS series of hybrid 
converters). 


In most applications these A/Ds should be used with a fast 
sample hold such as the THS/THC series. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 11-23. 
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MAS-1202 FUNCTIONAL BLOCK DIAGRAM 
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SPECIFICATIONS (typical @ _ unless ‘iiecait nied) 


Model Units 


MAS-0801 MAS-1001 MAS-1202 
RESOLUTION FS = Full Scale Bits 8 10, 12 
ACCURACY (Relative to Full Scale) +% FS 0.2 0.05 0.012 
Quantization Error LSB ~ £1/2 : ™ 
Nonlinearity LSB (max) +1/2 . . 
Differential Nonlinearity LSB(max) +1/2. | bs bs 
Missing Codes No Missing Codes 0 to +70°C 
TEMPERATURE COEFFICIENTS 
Differential Nonlinearity tppm/°C 3 i 7 
Gain +ppm/°C 20 . 30 
Gain (Option-P) tppm/°C 5 . NA 
Zero Offset (Unipolar) tuviPC 10 . 100 
Zero Offset (Bipolar) tppm/°C 15 : . 
Zero Offset (Option-P) tppm/"C__5 2 NA 
INPUT 
Ranges (Full Scale) Options MAS-0801 and MAS-1001 ONLY STANDARD 
MAS-XXXX-1 Vv 0 to -5 * 0 to +10/+5 
MAS-XXXX-2 Vv 0 to -10 bg NA 
MAS-XXXX-3 Vv +5 + NA 
MAS-XXXX-4 Vv +10 bg NA 
MAS-XXXX-5 Vv +1.024 . NA 
Impedance (Function of Option) Q/V 100 : 11502 
OVERVOLTAGE vo To Twice Peak Input FS Without Damage. 
CONVERSION TIME! us max 1 1.5 2 
Us typ 0.8 1.3 — 1.8 
ENCODE COMMAND 
Logic Levels (1 Standard TTL Load) Vv “0” =0 to +0.4, “1” = +2 to +5.5 
Function Positive-going edge resets converter, 
Trailing edge starts conversion for 8- 
and 10-bit versions. 
Duration (Width) ns min 50 sg 100 
Rise and Fall Times ns max 20 ss 7 
Repetition Rate kHz max 1000 . 666 500 


LOGIC OUTPUTS 
Levels TTL (Same as Encode Command) 
Drive Capability 
Parallel Data 


Coding (Unipolar) 
(Bipolar) 


Serial Data 
Coding 


Clock 


Data and Data Ready — 4 Std TTL Loads, 
Clock — 6TTL Loads 

8, 10 or 12 lines of data held until next 
Encode Command 

CBN “= BIN 
COB/2SC bs OBN/2SC 


MSB first, successive pulse output during 
conversion, NRZ. 

Same as parallel output except 2SC not 
available. ; 
Pulse train of 9, 11 or 13 internal clock 
pulses, gated on during the conversion 


period. 


POWER REQUIREMENTS 
+14.5V to +15.5V 
-14.5V to -15.5V 
+5V 15% 


TEMPERATURE RANGE 
Operating 
Storage 


PHYSICAL CHARACTERISTICS 
Case 


NOTE: 


1 Total conversion time from leading edge of encode command pulse to 


trailing edge of data ready pulse with 50ns wide encode command. 


‘Specifications same as MAS-0801. 


Specifications subject to change without notice. 


70 * 80 
30 * 20 
150 + ba 
0 to +70 - . 
-55 to +85 . - 


Diallyl Phthalate per MIL-M-14 Type SDC-F 
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FEATURES 

8-Bit Accuracy — Guaranteed Monotonic 

Ultra-High Speed — dc to 20MHz Word Rates 

Most Economical Video A/D 

Smallest Available Complete A/D — 5.5” X 4.38” X 0.85" 

Self Contained — Includes Input Buffer, Encoder, Reference, 
Timing, and Buffered Parallel Output 


APPLICATIONS 

Digitize Color Television at Up to Three or Four Times 
NTSC or PAL Color Subcarrier Frequencies 

Video Time Base Correction and Frame Synchronization 

Radar Signal Processing 

Real Time Transient and Continuous Spectrum Analysis 


GENERAL DESCRIPTION 
The Analog Devices’ MATV series of A/D converters represent 


a major breakthrough in high-speed A/D technology. Providing . 


conversion word rates from dc to 11MHz, 16MHz and 20MHz 
the MATV-0811, MATV-0816 and MATV-0820 are the lowest 
cost A/D converters in their performance class, As complete 
devices, they require only the addition of external power to 
accomplish precision video A/D conversion. 


The use of internal hybrid microcircuit construction allows 
these modular A/D’s to occupy a volume of only 21 cubic . 
inches—about 1/5 the volume of available comparable devices. 
They are housed in metal cases which not only shield the cir- 
cuits from external RF interference, but aid in efficient heat 
dissipation. A choice of analog input voltages is available, in- 
cluding the industry standard 0 to +1V at 7582. The encode 
command input, data ready output, and the digital bit outputs 
are all TTL compatible. Designed to operate from either +12V 
or +15V analog and +5V digital supplies (MATV-0811 and 
MATV-0816 also require -5.2V), the MATV series dissipate 
less than 8 watts. Their weight is < 10 ounces due to enclosure 
rather than encapsulation. This technique facilitates rapid, 
inexpensive factory repair and aids in reliable printed circuit 
board mounting by the customer without extensive mechan- 
ical constraints or system engineering. 


Relative dc accuracy is 0.2% of full scale +1/2LSB when oper- 
ating over the frequency range of dc to 20MHz. The MATV 
series is designed to digitize color television signals at rates 

up to 20MHz and is also ideally suited for other analog to 
digital conversion requirements, such as radar signal processing, 
laser pulse analysis, transient analysis, and medical electronics 
applications where real-time analysis and display of large quan- 
tities of information are required. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 11-27. 


| 8 Bit Video 
Analog- to-Digital Converter 


MATV-0811, -0816, -0820 


MATV-0811, MATV-0816 FUNCTIONAL BLOCK DIAGRAM 
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Ra AND Re ARE DETERMINED BY THE ANALOG INPUT. IMPEDANCE 
AND ENCODE COMMAND INPUT IMPEDANCE, RESPECTIVELY. 


ORDERING INFORMATION 

Each MATV series A/D converter will be calibrated at t15V 
as a standard. Order by model number either MATV-0811, 
MATV-0816 or MATV-0820. 


Optional Versions 

The MATV series A/D’s are available with a variety of options, 
including analog input range and impedance, encode command 
input impedance, encode word rate, power supply voltage cali- 
bration, etc. Any option other than what is shown on the data 
sheet will have longer delivery, since each non-standard device 
is built on a per order basis. 


A complete listing of optional designators is available from 
either the factory or your local Analog Devices’ sales office. . 


ANALOG-TO-DIGITAL CONVERTERS VOL. 1, 11-157 


PARALLEL 
OATA OUT 


ny 
aye 


ron 


SPECIFICATIONS (typical @ +25°C and nominal power supply voltages oo otherwise noted) 


MODEL UNITS MATV-0811 MATV-0816 MATV-0820 
RESOLUTION (FS = Full Scale) Bits/% FS 8/0.4 : . . Ba 
LSB Weight % FS 0.4 - ¥ 
ACCURACY (relative) at de typ +0.15% +1/2LSB*! 4 
max +0.2% +1/2LSB at * 
Monotonicity GUARANTEED . ‘ 
Differential Nonlinearity vs Temperature % FS/°C 0.01 * 0.005 
Linearity and Gain vs Temperature % FS/°C 0.02 . 0.01 
DYNAMIC CHARACTERISTICS 
AC Linearity @ Encode Rate? MHz 11 15 20 
Analog Input Frequency . 
DC to 3.6MHz Spurious Signals are 
> dB below FS 50 , . 
3.6MHz to 5.5MHz 45 * . 
Conversion Rate (Encode Word Rate) MHz max 11 16! 20 
Conversion Time? ns 150+20 120+20 35 +10 +1/Encode Rate 
Aperture Uncertainty (Jitter) ps max +30 . 32 
Aperture Time ns 3 . 12 
Signal to Noise Ratio 
(rms signal to rms noise) dB min 48 * 7 
(peak signal to rms noise) dB min 58 bs . 
Noise Power Ratio“ dB min 37 : * 
Transient Response* ns 50 : . 
Overvoltage Recovery Time® - ns 60 : . 
Differential Gain’ % 3 - ae 
Differential Phase Degrees 1 i * 
Bandwidth 
Small Signal 3dB MHz 20 - . 
Large Signal 3dB MHz 15 - 4 
Flat +0.1dB, de through MHz 5.5 . 
INPUT® 
Voltage Range 
Unipolar (Pin 5 Grounded) Vv Otol . : 
Bipolar (Pin 5 open) Vv +0.5 “ . 
Impedance (Terminated to Ground) Q 75 * 
ENCODE COMMAND INPUT® 
Logic Levels, TTL Compatible “O" = 0 to +0.4V * * 
; “1" = +2.4V to+5V * * 
Impedance (terminated to ground) . Q 75 45% a . 
Rise and Fall Times (10% to 90%) max ns 10 . . 
Duration/Width 50% points (see timing diagram) ns min 10 is 20 
: asa ns max 50% duty cycle 40 : 
Frequency (random or periodic) dc to MHz 11 16 20 
DIGITAL DATA OUTPUT® 
Format Eight Parallel Bits NRZ 
Logic Levels, TTL (Same as Encode Command) 
Drive Capability (not short circuit protected) TTL Loads 10 Std 10 Schottky 
Time Skew ns max 15 10 10 
Coding Straight Binary (BIN) 
DATA READY OUTPUT 
Format? RZ * * 
Logic Levels, TTL (Same as Encode Command) 
Drive Capability 10 Std 10 Schottky 
Width ns 40+10 35+5 2545 
POWER REQUIREMENTS”° 
MATV-0811, MATV-0816/MATV-0820 
+15V £2%/+11.8V to +15.5V mA max 210 * 70 
-15V £2%/-11.8V to -15.5V mA max 180 . 400 
+5V £5%/+5V +5% mA max . 450 540 200 
-5.2V +5% mA max 280 7 N/A 
TEMPERATURE RANGE 
Operating (case) °C 0 to +70 . 
Storage *€ -55 to +85 * 


*Same as MATV-0811. 

NOTES: 

' Applies to a customer specified operating frequency, + 10%. Outside this range, accuracy may —_* For MATV-08 11, the leading edge of the Data Ready pulse occurs approximately 15ns before 
degrade to +0.3% +1/2LSB. output data changes. The trailing edge is recommended for strobing data into external circuits. 


AC linearity expressed in terms of spurious in-band signals generated at specified encode rates. Kor MATV-0816, the leading edge of the Data Ready pulse occurs approximately 10ns before 


? Pipeline delay not related to encode rate. Ae : : : eae 
4DC to SMHz while noise BW with slot frequency at SUOkHz. output data changes. The trailing edge is recommended for strobing data into external circuits. 


5Time to achieve 8-bit (0.2%) accuracy after F.S. step input. For MATV-0820, the leading edge of the Data Ready pulse occurs approximately simultaneously 
* For signals not exceeding 10% overvoltage, the A/D will recover to 8-bit accuracy within 60ns with output data changes. The trailing edge is recommended for strobing data into external 

after the signal returns to the specified range. Overvoltage inputs greater than 150% of I°.S. circuits. This provides a minimum of 2Ons set-up time for external registers. 

may damage input circuits and should be avoided. ©The A/D's are calibrated at the factory at either t12V or +15V asa no-cost option, Other 
7At maximum encode rate, 20 IRE unit subcarrier, not including quantization effects. operating voltages within this range may be specified by the user at slight additional cost. 
*Consult factory for other voltage, impedance and logic level options. : 
* The leading edge of the-data ready pulse occurs approximately 10ns before output data 


Specifications subject to change without notice. 
changes. The trailing edge is recommended for strobing data into external circuits. 
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10-Bit Video 


Analog to Digital Converter 


FEATURES 
10 Bits @ 5MHz Word Rate 


One-27 Sq. In. PC Board 

Built-In Track-and-Hold — 25ps Aperture Uncertainty 
20MHz Analog Input Bandwidth 

TTL Compatible 

Low (10-Watt) Power Dissipation 

Signal-To-Noise Ratio Greater Than 58dB 

Noise Power Ratio Greater Than 49dB 

Completely Repairable 


APPLICATIONS 

Radar Digitizing 

Digital Communications 

Real Time Spectrum Analysis 
High Resolution TV 


GENERAL DESCRIPTION 

Analog Devices’ model MOD-1005 is a very high-speed A/D 
converter capable of digitizing video input signals to 10-bit 
accuracy at random or periodic word rates of dc through 
5MHz. The MOD-1005 is truly a breakthrough in high-speed 
A/D technology. It is the most cost effective A/D in this speed 
category, combining small size and low power dissipation with 
low cost. 


The MOD-1005 is constructed on a single printed circuit card 


which is intended for mounting on a system mother-board, and _ 


occupies only 27 square inches. Within this A/D is the required 
sample/track and hold amplifier, encoder, timing circuits and 
output latches for a true simultaneous, all-parallel digital out- 
put. 


The encode command input and digital outputs are TTL com- 
patible. The A/D requires only an external encode command 
pulse and external power supplies for operation. NO external 
parts are required. Gain and offset potentiometers are provided 
on the card. The A/D is fully repairable either at the factory or 
in the field. 


The MOD-1005 is ideally suited for systems requiring the ul- 
timate in conversion speed and accuracy. Such applications 
include radar digitizing, digital communications, spectrum 
analysis, and many others. Each MOD-1005 is backed by 
Analog Devices’ limited one year warranty. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 11-31. 
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ORDERING INFORMATION 

Order model number MOD-1005 A/D converter. Mating 
pin sockets for the MOD-1005 are model number MSB-2 
(31 required per A/D). 
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SPECIFICATIONS (typical @ 425°C with nominal power supplies unless otherwise noted) 


MODEL MOD-1005 | 

RESOLUTION (FS = FULL SCALE) 10 Bits (0.1% FS) 

LSB WEIGHT 4mV 

ACCURACY (INCLUDING LINEARITY) @ DC +0.05% Full Scale +1/2LSB / 
Monotonicity Guaranteed 


0.0005% of FS/°C 


Differential Nonlinearity vs. Temperature 
0.01% of FS/°C 


Gain vs. Temperature 


DYNAMIC CHARACTERISTICS 
AC Linearity' 
Conversion Time See Text 
Conversion Rate (Word Rate) dc to 5MHz 
Aperture Uncertainty (Jitter) +25ps max 
Aperture Time 45ns (+10ns from unit to unit) 

Signal to Noise Ratio (rms signal to rms noise) 58dB min at 500kHz analog input 
Noise Power Ratio” 49dB min 
Transient Response (Full Scale Step Input) 10-Bit (0.05%) Accuracy within 50ns 
Overvoltage Recovery Time . 

Recovers to 10-bit accuracy after 

2 X FS input overvoltage in 200ns 
Input Bandwidth (small signal, 3dB) 20MHz min 
Input Bandwidth (large signal, 3dB) 15MHz min flat within +0.1dB, 


Spurious Signals >59dB below FS 


dc through 5MHz 


INPUT 
Voltage Range +2.048V FS 
+4V Absolute max 
Impedance 5022 


Offset Voltage 
Offset vs. Temperature 
Bias Current 


ENCODE COMMAND INPUT 


Logic Levels, TTL Compatible 


Logic Loading 


Sample Delay 


DIGITAL DATA OUTPUT 


Format 
Logic Levels, TTL Compatible 


Drive (Not Short Circuit Protected) 


Adjust to 0 with On Board Potentiometer 
0.01% Full Scale/°C 
InA max 


“0” =0to +0.4V 
“1 = 4+2.4V to +5V 


-2 Standard TTL Gates 


_ Rise and Fall Times 10ns max 
Duration Min/Max 20ns/60% of Duty Cycle 
Frequency (Random or Periodic) dc to 5MHz 


45ns (unit to unit tolerance is +10ns) 


10 Parallel Bits, NRZ 
“0” =0 to +0.4V 

“1 = 4+2.4V to +5V 

Up to-1 Schottky TTL or 
2 Standard TTL Loads 


Time Skew 10ns max 

Coding 2’s Complement (2SC) 

Conversion Time See Text on the Next Page 
POWER REQUIREMENTS typ/max 

+15V +5% 150/170mA 
s -15V 45% 150/170mA 

-6V +4% 300/350mA 

+5V 5% 350/400mA 

-5V +5% 500/550mA 

Power Consumption 10 Watts 
TEMPERATURE RANGE 

Operating 0 to +70°C 

Storage -55°C to +85°C 


Cooling Requirements 


PHYSICAL CHARACTERISTICS 


Construction 


100 Linear Feet Per Min (LFPM) 


Single Printed Circuit Card 


NOTES: 
" AC linearity expressed in terms of spurious in-band signals generated as specified encode rates, 


with dc to 2.5MHz analog input. 


? DC to 2.4MHz white noise BW with Slot frequency of 512kHz. 


Specifications subject to change without notice. 
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DEVICES 


FEATURES 

10-Bits @ 2OMHz Word Rates 

One 35 Sq. In. PC Board 

Built-In Track-and-Hold — 25ps Aperture 
15MHz Large-Signal Input Bandwidth 
ECL Compatible 

Signal-to-Noise Ratio Greater Than 56dB 
Noise Power Ratio Greater Than 45dB 


APPLICATIONS 
Television Digitizing 
Radar Digitizing 
Medical Instrumentation 
Digital Communications 
Spectrum Analysis 
Sonar Digitizing 


GENERAL DESCRIPTION 

The Analog Devices’ model MOD-1020 is an ultra-high-speed 
A/D converter capable of digitizing video input signals to 10- 
bit accuracy at word rates through 20MHz. The MOD-1020 is 
another in the series of state-of-the-art A/D converters from 
Analog Devices that employs the unique digital correcting 
subranging (DCS) conversion technique to virtually eliminate 
errors normally associated with subranging type A/D convert- | 
ers. No other A/D converter commercially available offers the 
user the speed and accuracy attainable with the MOD-1020. 


The MOD-1020 is constructed on a single printed circuit card 
which is intended for mounting on a system mother board and 
occupies only 35 square inches. The A/D is complete with inter- 
nal track-and-hold, encoder, timing circuitry, references, and 
latched output. It produces a true all-parallel digital output. 


The encode command input, digital outputs, and data ready 
output are balanced ECL compatible. The A/D requires only 
an external encode command input pulse and external power 
supplies for operation. The analog input impedance is at least 
50082, so that the user can easily terminate the A/D with lower 
impedances in his system. Gain and offset potentiometers are 
provided on the card so that the A/D can be operated in either 
the unipolar or bipolar modes. The A/D is fully repairable. 


The MOD-1020 is ideally suited for systems requiring the 
ultimate in conversion speed and accuracy. Such applications 
include radar digitizing, digital communications (baseband 
digitizing), composite color television digitizing, spectrum ana- 
lysis, medical instrumentation, and many others. Each MOD- 
1020 is backed by Analog Devices’ limited one-year warranty. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 11-35. 
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ORDERING INFORMATION 

IMPORTANT—THE ENCODE RATE OF THE MOD-1020 
MUST BE SPECIFIED BY THE CUSTOMER AS SHOWN 
BELOW: 

ORDER MODEL NUMBER: MOD-1020- “XXX’’, where 
“XXX” is to be specified by the customer. “XXX” represents 
the encode word rate in MHz with the decimal place assumed 
to be (but not shown) between the second and third places. 
Full 10-bit accuracy will be maintained within +12% of this 
specified frequency, up to a maximum of 21MHz. Forexample, 
a device specified as MOD-1020-200 is for operation at 
20.0MHz and will maintain accuracy from 17.6MHz to 21MHz. 


For encode rates of 10MHz or less, the MOD-1020 will main- 
tain full accuracy from de to 1OMHz. For encode frequencies 
of 10MHz or less, order MOD-1020-100. 


Mating sockets for the MOD-1020 are model number 
MSB-2 (36 required per A/D). 
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SPECIFICATI 0 N S (typical @ +25°C with nominal stat a unless shan noted) 


I i On es 
RESOLUTION (KS = FULL SCALE) 10 Bits (0.1% FS) 
sa Oy Deeper Or Arial Og Ut FR 
ACCURACY (INCLUDING LINEARITY) © DC +0.05% Full Scale +1/2LSB 

Monotonicity Guaranteed 0 to +70°C 

Nonlinearity vs. Temperature — 0.0005% of FS/C 

Gain vs. Temperature 0.015% of FS/°C 
' DYNAMIC CHARACTERISTICS 

AC Linearity’ (de to 1MHz) Spurious Signals 260dB below FS 

(1MHz to 5MHz) Spurious Signals #55dB below FS 
(SMHz to 10MHz) Spurious Signals #50dB below FS 

Conversion Time ' See Text and Timing Diagram 

Conversion Rate? dc to 20MHz (See Note and Ordering Information) 

Aperture Uncertainty (Jitter) +25ps max 

Aperture Time (Delay) 5ns (£2ns unit-to-unit tolerance) 

Signal to Noise Ratio? 56dB min 

Signal to Noise Ratio* 65dB min 

Noise Power Ratio® 45dB min, 47dB typ 

Transient Response® 50ns 

Overvoltage Recovery’ 50ns 

Input Bandwidth (small signal, 3dB)® 30MHz 

Input Bandwidth (large signal, 3dB)° 15MHz; Flat within 0.2dB, dc to 1OMHz 


Two-Tone Linearity (@ Input Frequency); 


60kHz; 62kHz In-Band Spurious Signals #60dB below FS 


4.998MHz; 5.000MHz In-Band Spurious Signals #55dB below FS 
9.996MHz; 9.998MHz In-Band Spurious Signals #50dB below FS 
Differential Gain'® 1% with 20 IRE Unit Reference 
Differential Phase'® 0.5° with 20 IRE Unit Reference 
ANALOG INPUT 
Voltage Range 1V p-p or 2V p-p, Depending on Hook-Up 


Either Unipolar or Bipolar 
+4V Absolute max Input 


Impedance 10002 (2V Input Range) 
5002 (1V Input Range) 

Offset Adjustable to Zero with On-Card Potentiometer (R4) 

Offset vs. Temperature 0.01%/°C 
ENCODE COMMAND INPUT 

Logic Levels, ECL Compatible “oO” =-1.7V 

(Balanced Input) “1” =-0.9V 

Impedance 1002 Line-to-Line 

Rise and Fall Times Sns max 

Duration (min/max) 10ns/70% of Duty Cycle 

Frequency Specified by Customer, dc to 20MHz (See Ordering Information) 
DIGITAL OUTPUT DATA 

Format 10 Parallel Bits, NRZ 

Logic Levels, ECL Compatible “O" = -1.7V 

(Balanced Outputs) “1? = -0.9V 

Drive 75Q to 1002, Line-to-Line 

Time Skew Sns max 

Coding Binary (BIN); 2’s Complement (2SC) 
DATA READY OUTPUT ; : 

Logic Level, ECL Compatible “O's -1.7V 

(Balanced Output) “1" = -0.9V 

Rise and Fall Times Sns max 

Duration 25ns +3ns 

Conversion Time Output data is valid two clock perios plus 185 


+20ns after the application of an initial Encode 
Command pulse—assuming that two pulses occur after 
the first. Use of the trailing edge of the Data Ready 
pulses are required to shift the data to the output. 
For example, with a 20MHz encode rate, data is valid 
285 +20ns after the application of the first Encode 
Command pulse—assuming that two pulses occur after 
the first. Use of the trailing edge of the Data Ready 
pulse is recommended for strobing output data into 
external registers. 


POWER REQUIREMENTS 
+15V +5% 200mA 


-15V £5% 200mA 
+5V 5% 100mA 
-5.2V 45% 2.7A 
Power Consumption 21 Watts 
- TEMPERATURE RANGE 
Operating 0 to +70°C 
Storage -55°C to +85°C 
Cooling Requirements 500 Linear Feet per Minute (LFPM) 
PHYSICAL CHARACTERISTICS 
Construction Single Printed Circuit Card 
NOTES: 7For full-scale step input, attains 10-bit accuracy in time specified. 
1 AC linearity expressed in terms of spurious in-band signals generated at 20MHz ® Wich analog input signal 40dB below FS, 
encode rate at the analog frequencies (_) shown. * With FS analog input. . 
2To be specified by the customer. See text and ordering information. 1° Applies to devices optimized for video applications. Differential gain and 
» RMS signa! to rms noise ratio with 500kHz analog input. phase are measured and optimized for ADC’s which have the following 
“Peak-to-peak signal to rms noise ratio with 500kHz analog input. encode rate optional designators (see Ordering Information): 107" (3 X 
5 DC to 8.2MHz white noise bandwidth with slot frequency of 3.886MHz and NTSC subcarrier); ‘*133" (3 X PAL); 143" (4 X NTSC); “177” (4 X PAL). 


an encode rate of 20MHz. Peer F : : 
* Recovers to 10-bit accuracy after 2 X FS input overvoltage in time specitied. Specifications subject to change without notice. 
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-12-Bit Video 
Analog to Digital Converter 


ANALOG 
DEVICES 


FEATURES 

12 Bits @ SMHz Ward Rate 

One-27 Sq. In. PC Board 

Built-In Track-and-Hold — 25ps Aperture Uncertainty 
15MHz Analog Input Bandwidth 


MOD-1205 FUNCTIONAL BLOCK DIAGRAM 


4 BIT 1 
TTL Compatible 8 M bia 
Low (13-Watt) Power Dissipation tate ZLA | Ig 
Signal-to-Noise Ratio Greater Than 66dB c F 5 a i= 
° 7 rs > 
Noise Power Ratio Greater Than 56dB bei ee 8 < 8 c 5 : } 
Completely Repairable INPUT wy a = F [= 
ANALOG Q 7 Q12/¢c ° 2 
APPLICATIONS GROUND ? v : o (> 
Radar Digitizing a : . Birae 
Digital Communications | I Be 
Real Time Spectrum Analysis Sudope CLOCK CLOCK 
Signature Analysis COMMAND g 
INPUT 
ENCODE 
COMMAND 
GROUND 


GROUND H15V -15V. 445 -6V 


NOTE: WITH PIN 30 OPEN, ANALOG INPUT IMPEDANCE IS 4002. WITH PIN 30 


GROUNDED, ANALOG IMPEDANCE IS 5022. 


GENERAL DESCRIPTION 

Analog Devices’ model MOD-1205 is a very high-speed A/D 
converter capable of digitizing video input signals to 12-bit 
accuracy at random or periodic word rates of dc through 
5MHz. The MOD-1205 is truly a breakthrough in high-speed 
A/D technology. It utilizes the latest state-of-the-art conver- 
sion technique called digital correcting subranging (DCS) to 


- effectively eliminate errors normally associated with sub- [Pin] FuNcTION. | TPIN] FUNCTION | 
ranging type ADCs. It is the most cost effective A/D in this ENCODE COMMAND a 2 
oe . oe . GND* 
speed category, combining small size and low power dissipation eG Ba 
with low cost. GND* BIT 12 (LSB) 


GND* +15V 


The MOD-1205 is constructed on a single printed circuit card 
which is intended for mounting on a system mother board and 


' ee eo BT GND* 
occupies only 27 square inches. Within this A/D is the required iano anak 
sample/track-and-hold amplifier, encoder, timing circuits and BIT 2 +5V 
output latches for a true simultaneous, all-parallel digital output. ze pane 
The encode command input and digital outputs are TTL com- BITS GND* 

7 : BIT 6 TERMINATION 
patible. The A/D requires only an external encode command Lies cue 


pulse and external power supplies for operation. NO external 
parts are required. Gain and offset potentiometers are pro- 
vided on the card. The A/D is fully repairable either at the 
factory or in the field. 


The MOD-1205 is ideally suited for systems requiring the ul- 
timate in conversion speed and accuracy. Such applications 
include radar digitizing, digital communications, spectrum 
analysis, and many others. Each MOD-1205 is backed by 
Analog Devices’ limited one year warranty. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 11-39. 


-6V 
-6V 


ON DOA WN 


BIT 8 


-15V 


*ALL GROUND PINS ARE CONNECTED TOGETHER 
WITHIN THE MOD-1205 


Pin Designations 


ORDERING INFORMATION 
Order model number MOD-1205 A/D converter. Mating pin 
sockets for the MOD-1205 are model number MSB-2 (32 


required per A/D). 


GND* 


ANALOG INPUT 
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SPECIFICATIONS (typical @ +25°C with nominal power siiaglieg unless otherwise noted) 


MODEL MOD-1205 


RESOLUTION (FS = FULL SCALE) . 12 Bits (0.024% FS) 
LSB WEIGHT ImV 
ACCURACY (INCLUDING LINEARITY) @ DC +0.0125% Full Scale +1/2LSB 
Monotonicity - Guaranteed (0 to +70°C) 
Nonlinearity vs. Temperature 0.0005% of FS/°C, max 
Gain vs. Temperature 0.002% of FS/°C, typ; 0.005% of FS/°C, max 
DYNAMIC CHARACTERISTICS 
AC Linearity’ (de to 1MHz) Spurious Signals >70dB below FS, max 
(1MHz to 2.5MHz) Spurious Signals >65dB below FS, max; >68dB, typ 
Conversion Time See Text and Timing Diagram in Volume II 
Conversion Rate (Word Rate) dc to 5MHz 
Aperture Uncertainty (Jitter) +25ps max 
Aperture Time 30ns (+10ns from unit to unit) 
Signal to Noise Ratio? 66dB min; 68dB, typ 
‘ Noise Power Ratio® 56dB min, 58dB typ 
Transient Response* 12-Bit (0.0125%) Accuracy within 200ns 
Overvoltage Recovery Time* ~ 200ns 
Input Bandwidth (small signal, 3dB) 15MHz min 
Input Bandwidth (large signal, 3dB) 10MHz min; flat within +0.1dB, dc through 5MHz 
ANALOG INPUT 
Voltage Range +2.048V FS 
+4V Absolute max | 
Impedance 4002 with pin 30 open, 502 with pin 30 grounded 
Offset Voltage Adjust to 0 with On Board Potentiometer 
Offset vs. Temperature 0.002% FS/°C, typ; 0.005% of FS/°C, max 
Bias Current 1nA max 
ENCODE COMMAND INPUT 
Logic Levels, TTL Compatible “0” =0 to +0.4V 
“1” = +2.4V to +5V 
Logic Loading 2 Standard TTL Gates 
Rise and Fall Times 10ns max 
Duration min/max 25ns/50% of Duty Cycle 
Frequency (Random or Periodic) dc to 5MHz 
DIGITAL DATA OUTPUT 
Format 12 Parallel Bits, NRZ 
Logic Levels, TTL Compatible “0” =O to +0.4V 
“1” = +2.4V to +5V 
Drive (Not Short Circuit Protected). Up to 1 Schottky TTL or 
2 Standard TTL Loads 
Time Skew 10ns max 
Coding Offset Binary (OBN) or 2’s complement (2SC) 
Conversion Time See Text in Volume II 
POWER REQUIREMENTS 
+15V +5% 200mA 
-15V +5% 150mA 
-6V t4% 700mA 
+5V +5% 800mA 
Power Consumption 13 Watts 
TEMPERATURE RANGE 
Operating 0 to +70°C 
Storage -55°C to +85°C 
Cooling Requirements 500 Linear Feet Per Min (LFPM) @ +70°C 
PHYSICAL CHARACTERISTICS 
Construction Single Printed Circuit Card 
NOTES: 


1 AC linearity expressed in terms of spurious in-band signals generated at specified encode 
rates at analog input frequencies(__). 

2rms signal to rms noise at 500kHz analog input. 

3dc to 2.4MHz white noise bandwidth with slot frequency of 512kHz. 

“For full-scale step input, attains 12-bit accuracy in time specified. 

5 Recovers to 12-bit accuracy after 2 X FS input overvoltage in time specified. 


Specifications subject to change without notice. 
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New product since the 1980 Data-Acquisition Components and Subsystems Catalog 
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Selection Guide 


~ Voltage-to-Frequency & 
Frequency-to-Voltage Converters 


In this Selection Guide, V/F and F/V Converters are listed in separate tables, in order of increasing maximum 
frequency range. Complete descriptions, specifications, and applications information can be found in the data 
sheets. General information regarding VFCs and FVCs can be found in the following pages. Specifications are 
typical at rated supply voltage and load, and Ta = +25°C, except where noted. 


VOLTAGE-TO-FREQUENCY CONVERTERS 


Max F.S. 
Frequency 


’ 10kHz 
10kHz 
20kHz 
100kHz 
100kHz 
500kHz 
1MHz 


1MHz 


Model 


450 


456 


454 


AD537 


458 


ADVFC32 


460 


AD650 


Brief Description 


0.005% max nonlinearity, 

max tempcos: offset — 20uV/°C; gain — 25ppm/°C 
0.02% max nonlinearity, 

max tempcos: offset — 100uV/°C; gain — 80ppm/°C 
0.005% max nonlinearity, 

max tempcos: offset — 20uV/°C; gain — 25ppm/°C 


- 0.07% max nonlinearity, low power, 


max tempcos: offset — ywVvPC (K); gain — 5Oppm/°C (K) 
0.01% nonlinearity, 

max tempcos: offset — 30uV/°C; gain — S5ppm/°C 
+0,01% of max nonlinearity, 

max tempcos: offset — 30UV/°C; gain — 100ppm/°C 
0.015% nonlinearity, 

max tempcos: offset — 30uV/°C; gain — 15ppm/°C 
+0,.01% max nonlinearity, 

max tempcos: offset — 10uV/°C; gain — 100ppm/C 


FREQUENCY-TO-VOLTAGE CONVERTERS 


Max F.S. 
Frequency 


100Hz-20kHz 
Adjustable 
1kHz-200kHz 
Adjustable 


Model 


451 


453 


Brief Description 


0.008% max nonlinearity, 30ms to full scale, 
max gain tempco — 50ppm/°C 


0.008% max nonlinearity, 4ms to full scale, 


max gain tempco — 50ppm/°C 
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Orientation 


Voltage-to-Frequency & 


Frequency-to-Voltage Converters 


VOLTAGE-TO-FREQUENCY CONVERTERS 


Voltage-to-frequency converters (VFC’s) convert analog volt- 
age or current levels to pulse trains or square waves in a logic- 
compatible form (usually TTL) at frequencies that are accu- 
rately proportional to the analog quantity. The output contin- 
uously tracks the input signal, responding directly to changes 
in the input signal; external-clock synchronization is not re- 
quired. V/f converters find applications in analog-to-digital 
converters with high resolution, long-term high-precision inte- 
grators, two-wire high-noise-immunity digital transmission, and 
digital voltmeters, 


FREQUENCY-TO-VOLTAGE CONVERTERS 


-Frequency-to-voltage converters (F VC's) perform the inverse 


operation; they accept a wide variety of periodic waveforms 
and produce an analog output proportional to frequency. 
Combining adjustable threshold, gain, and output offset with 
low linearity-error, F/V converters offer economical solutions 
to a wide variety of applications where it is required to convert 
frequency to an analog voltage. Examples are motor-speed con- 
trollers, power-line frequency monitors, and VCO stabiliza- 
tion circuits. In analog-to-analog data transmission, they con- 
vert serially transmitted data in the form of pulse streams back 
to analog voltage. 


Applications of both forms of conversion, as appropriate to 
specific device types, are illustrated with varying degrees of 
detail on the individual data sheets. 


FACTORS IN CHOOSING VFC’s AND FVC’s 


Voltage-to-frequency converters are available from Analog 
Devices in both pulse train and square wave outputs. The 
output of the change balance types, operate up to 1MHz F.S., 
is a train of pulses of constant height and width, with very 
low duty cycle for small analog inputs. The output of the 
AD537 is unique in that its output is square-wave, an 
advantage in some applications. 


The most-popular VFC designs (Figure 1) contain an integra- 
tor, which charges at a rate proportional to the value of the © 
input signal. Each time the integrator’s charge has been in- 
creased by a precisely metered increment, the threshold crossing 
produces a pulse of accurately known area. The pulse serves 
both as the output (via a buffer) and as a subtractive charge 
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Figure 1. Block Diagram of the ADVFC32 


increment to reduce the integrator’s net charge. The next pulse 
is triggered when the net integral has again reached the thresh- 
old. The relationship between the pulse rate and the input 
level is linear. The AD537* operates on ‘a somewhat different 
principle (Figure 2): an input current charges a capacitor 
between 2 threshold levels, first in one direction, then in the 
other, in an emitter-coupled astable multivibrator circuit. 
Since the time required to reach the switching threshold is 
inversely proportional to the analog input, the frequency is 
directly proportional. For constant analog input, the charging 
rate and the discharge rate are equal, so the output is a 

square wave. 
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Figure 2. Block Diagram of the AD537 


*A useful 20-page Application Note, ‘Applications of the AD537 IC 
Voltage-to-Frequency Converter’, by Doug Grant, is available 
upon request. 
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- Figure 3. Block Diagram — Models 451 & 453 FVC's 


Frequency-to-voltage converters (Figure 3) average a train 

of equal-area pulses that are generated internally by a 
precision charge dispenser, in response to each crossing of an 
input threshold. The analog output voltage is proportional to 
the sum of the pulse areas over a given period. F/V conversion 
can also be obtained by using the ADVFC32. 


SPECIFICATIONS 

The salient specifications for VFC’s are (non)linearity, as a 
percentage of full-scale frequency; frequency range, the greater . 
the frequency range, the greater the resolution for a given 
counting period; full-scale-calibration error; gain-temperature 
coefficient, in ppm of signal per °C, where “gain’’ is the ratio of 
full-scale frequency to full-scale voltage, input-offset tempera- 
ture coefficient; overrange capability, within rated specifica- 
tions, and step response, the worst-case time interval required 


. for the frequency to respond to a full-scale-step input change. 


For FVC’s, important specs, in addition to accuracy specs cor- 
responding to the above, include output ripple (for specified 
input frequencies), threshold (for recognition that another 
cycle has been initiated, and for versatility in interfacing yari- 


- ous types of sensors directly), bysteresis, to provide a degree 


of insensitivity to noise superimposed on a slowly-varying 
input waveform, and dynamic response (important in motor 
control). 


Definitions of some critical specifications, and the conditions 
for adjusting or measuring them, are detailed on individual 
data sheets. 
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FEATURES 
Low Cost A-D Conversion 
Versatile Input Amplifier 
Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 
Single Supply, 5 to 36 Volts +Vin 
Linearity: +0.05% FS 
Low Power: 1.2mA Quiescent Current 
Full Scale Frequency up to 100kHz 
1.00 Volt Reference 
Thermometer Output (1ImV/K) 
F-V Applications 


PRODUCT DESCRIPTION 

The ADS5 37 is a monolithic V-F converter consisting of an in- 
put amplifier, a precision oscillator system, an accurate inter- 
nal reference generator and a high current output stage. Only 

a single external RC network is required to set up any full 
scale (F.S.) frequency up to 100kHz and any F-.S. input vol- 
tage up to +30V. Linearity error is as low as +0.05% for 10kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature coefficient (excluding the effects of 
external components) is typically +30ppm/°C. The AD537 
operates from a single supply of 5 to 36V and consumes only 
1.2mA quiescent current. 


A temperature-proportional output, scaled to 1.00mV/K, 
enables the circuit to be used as a reliable temperature-to- 
frequency converter; in combination with the fixed reference 
output of 1.00V, offset scales such as 0°C or 0°F can be 
generated. 


The low drift (1.V/°C typ) input amplifier allows operation 
directly from small signals (e.g., thermocouples or strain gages) 
while offering a high (250MQ) input resistance. Unlike most 
V-F converters, the AD5 37 provides a square-wave output, and 
can drive up to 12 TTL loads, LEDs, very long cables, etc. 


The excellent temperature characteristics and long-term stabil- 
ity of the AD537 are guaranteed by the primary band-gap 
reference generator and the low T.C. silicon chromium thin 
film resistors used throughout. 


The device is available in either a TO-116 ceramic DIP ora 
TO-100 metal can; both are hermetically sealed packages. 


The AD537 is available in three performance/temperature 
grades; the J and K grades are specified for operation over the 
0 to 70°C range while the AD537S is specified for operation 
over the full military temperature range, -55°C to +125°C. 
MIL-STD-883, Level B processing is available. 


*Covered by Patent Numbers 3,887,863 and RE 30,586 
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AD537 FUNCTIONAL BLOCK DIAGRAMS 
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PRODUCT HIGHLIGHTS 

1. The AD537 is a complete V-F converter requiring only an 
external RC timing network to set the desired full scale 
frequency and a selectable pull-up resistor for the open- 
collector output stage. Any full-scale input voltage range 
from 100mV to 10 volts (or greater, depending on +Vs) can 
be accommodated by proper selection of timing resistor. 
The full scale frequency is then set by the timing capacitor 
from the simple relationship, f = V/10RC. 


2. The power supply requirements are minimal, only 1.2mA 
quiescent current is drawn from a single positive supply 
from 4.5 to 36 volts. In this mode, positive inputs can vary 
from 0 volts (ground) to (+Vg - 4) volts. Negative inputs can 
easily be connected for below ground operation. 


3. F-V converters with excellent characteristics are also easy to 
build by connecting the AD537 in a phase-locked loop. Ap- 
plication particulars are shown in Figure 8, 


4. The versatile open-collector NPN output stage can sink up 
to 20mA with a saturation voltage less than 0.4 volts. The 
Logic Common terminal can be connected to any level be- 
tween ground (or -Vs) and 4 volts below +Vs. This allows 
easy direct interface to any logic family with either positive 
or negative logic levels. 
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SPECIFICATIONS (typical @ +25°C with Vs (total) : 5 to 36V, unless otherwise noted) 4 


- MODEL AD537JH AD537JD AD537K AD537S' 
CURRENT-TO-FREQUENCY CONVERTER 
Frequency Range 0 to 150kHz : . 7 
Nonlinearity” 
fmax = 10kHz 0.15% max (0.1% typ) +2 0.07% max =e 
fmax = 100kHz 0.25% max (0.15% typ) : 0.1% max = 
Full Scale Calibration Error 
C= 0.01 F, lyy = 1.000mA +10% max +7% max +5% max wt 
vs. Supply (fmax <100kHz) +0.1%/V max (0.01% typ) - + * 
vs. Temp. (Tmin to Tmax) +150ppm/°C max (SOppm typ) * 5Oppm/°C max (30ppm typ)? 150ppm/°C max 
ANALOG INPUT AMPLIFIER 
(Voltage-to-Current Converter) 
Voltage Input Range 
Single Supply ~ 0 to (+Vs - 4) Volts (min) 7 ? : . 
Dual Supply -Vs to (+Vs - 4) Volts (min) ” . ‘7 = 
Input Bias Current 
(Either Input) 100nA . oe 
Input Resistance (Non-Inverting) 250MQ2 . - * 
Input Offset Voltage | 
(Trimmable in ‘‘D’’ Package Only) 5mV max 7 2mV max ue 
vs. Supply 200uUV/V max 100”uV/V max 100UV/V max a 
vs. Temp. (Tmin tO Tmax) Suv/°C : 1uv/°C 10uV/°C max 
Safe Input Voltage* . tVs ? ¢ as 
REFERENCE OUTPUTS 
Voltage Reference 
Absolute Value 1.00 Volt +5% max ; ? af 
vs. Temp. (Tmin to Tmax) 50ppm/°C . 100ppm/°C max? on 
vs. Supply +0.03%/V max - . . , 
Output Resistance® 3802 : _ . . 
Absolute Temperature Reference® 
Nominal Output Level _ , 1.00mV/K 7 : * 
Initial Calibration @ +25°C 298mV (+5mV) 298mV (+5mV max) me 
Slope Error from 1.00mV/K +0.02mV/K ' . 
Slope Nonlinearity +0.1K : bd 
Output Resistance* 9002 * * ‘ 
OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 
Output Sink Current in Logic “0” 
Vout = 9.4V max, Tmin to Tmax) 10mA min . 20mA min 20mA min 10mA min 
Output Leakage Current in Logic “1” 5 
(Tin tO Tinian) 200nA max : is 2uA max 
Logic Common Level Range -Vs to (+Vg - 4) Volts , - * 
Rise/Fall Times (Cy = 0.01yF) 
lin =1mA 0.2us , * 4 
lin = 1MA Ips . . . : 
POWER SUPPLY 
Voltage, Rated Performance | 
Single Supply 4.5V to 36V = . : 
Dual Supply +5 to +18V i i = 
Quiescent Current 1.2mA (2.5mA max) . ; * . - 
TEMPERATURE RANGE , : 
Rated Performance 0 to +70°C i -55°C to +125°C 
Storage -65°C to +150°C ? ‘ . 
PACKAGE OPTIONS’ 
“D” Package: TO-116 Style (D14A) = AD537JD AD537KD AD537SD 
“H”’ Package: TO-100 AD537JH = AD537KH AD537SH 
*Specifications same as AD537JH. > Guaranteed not tested. 
**Specifications same as AD537K. * Maximum voltage input level is equal to the supply on either 


input terminal. However, large negative voltage levels can be 
; : : . } applied to the negative terminal if the input is scaled to a nominal 
The AD5375 is available inspected and processed to the 1mA full scale through an appropriate value resistor (see Figure 2). 
full requirements of MIL-STD-883, Level B. A complete Sigading the 10-velvot 1eavsk CRO aes 
listing of the tests is available on request. Order part number pea al tesla aah ti ae Ee eet cue ay eRe 
AD537SD/883B or AD537SH/883B. in overall circuit performance, as indicated in the applications section. 
Py : Prot aes . To maintain normal operation, these outputs should be operated 
Nonlinearity is specified for a current input level (IjN) to the : : ae 
into the internal buffer or an external amplifier. 
converter from 0.1 to 1000uA. Converter has 100% overrange or f f sae fi a 
abe 7 : : duced lineari emperature reference output performance is specified from 0 to +70°C 
capability ue $0 LIN ous wih slightly cecuced ae for “J” and “KK” devices, -55°C to +125°C for “S” model. 
Nonlinearity is defined as deviation from a straight line from 7 See Section 20 for package outline information. 
zero to full scale, expressed as a percentage of full scale. 


Specifications subject to change without notice. 
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CIRCUIT OPERATION . 

A block diagram of the AD537 is shown on the first page. A 
versatile operational amplifier (BUF) serves as the input stage; 
its pupose is to convert and scale the input voltage signal to a 
drive current in the NPN follower. Optimum performance is 
achieved when, at the full scale input voltage, a lmA drive cur- 
rent is delivered to the current-to-frequency converter. The 
drive current to the current-to-frequency converter (an astable 
multivibrator) provides both the bias levels and the charging 
current to the externally connected timing capacitor. This 
“adaptive” bias scheme allows the oscillator to provide low 
nonlinearity over the entire current input range of 0.1 to 
2000uUA. The square wave oscillator output goes to the output 
driver which provides a floating base drive to the NPN power 
transistor. This floating drive allows the logic interface to be 
referenced to a different level than -Vs. The “SYNC”’ input 
(“D” package only) allows the oscillator to be slaved to an 
external master oscillator; this input can also be used to shut 
off the oscillator. 


The reference generator uses a band-gap circuit (this allows. 
single-supply operation to 4.5 volts which is not possible with 
low T.C. zeners) to provide the reference and bias levels for the 
amplifier and oscillator stages. The reference generator also 
provides the precision, low T.C. 1.00 volt output and the 
VrTemp Output which tracks absolute temperature at lmV/K. 


V-F CONNECTION FOR POSITIVE INPUT VOLTAGES 

The positive voltage input range is from -Vsg (ground in single 
supply operation) to 4 volts below the positive supply. The 
connection shown in Figure 1 provides a very high (250M{2) 
input impedance. The input voltage is converted to the proper, 
drive current at pin 3 by selecting a scaling resistor. The full 
scale current is 1mA, so, for example a 10 volt range would 
require a nominal 10k resistor. The trim range required will 
depend on capacitor tolerance. Full scale currents other than 
1mA can be chosen, but linearity will be reduced; 2mA is the 
maximum allowable drive. : 

As indicated by the scaling relationship in Figure 1, a 0.01yF 
timing capacitor will give a 10kHz full scale frequency, and 
0.001yF will give 100kHz with a 1mA drive current. The maxi- 
mum frequency is 150kHz. Polystyrene or NPO ceramic capa- 
citors are preferred for T.C. and dielectric absorption; poly- 
carbonate or mica are acceptable; other types will degrade line- 
arity. The capacitor should be wired very close to the AD537. 


e 
OPTIONAL 
INPUT 
FILTER 
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Va 


Figure 1, Standard V-F Connection for Positive Input Voltages 
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V-F CONNECTIONS FOR NEGATIVE INPUT VOLTAGE 
OR CURRENT 

A wide range of negative input voltages can be accommodated 
with proper selection of the scaling resistor, as indicated in 
Figure 2, This connection, unlike the buffered positive con- 
nection, is not high impedance since the 1mA F.S. drive cur- 
rent must be supplied by the signal source. However, very large 
negative voltages beyond the supply can be handled easily; just 
modify the scaling resistors appropriately. Diode CR1 (HP5082- 
2811) is necessary for overload and latchup protection for cur- 
rent or voltage inputs. 


If the input signal is a true current source, Ry and R2 are not 
used, Full scale calibration can be accomplished by connecting 
a 200k2 pot in series with a fixed 27kQ from pin 7 to -Vs 
(see calibration section, below). ; 


ne Fo" aaa 
fouT * 10¢ 10(R, + RQ )C 
lin O fout 
0 TO -1mA 5k (TYP) 
e 


VOLTAGE 
V_a REFERENCE 


Figure 2. V-F Connections for Negative Input Voltage or 
Current 


CALIBRATION . 

There are two independent adjustments: scale and offset. The 
first is trimmed by adjustment of the scaling resistor R and the 
second by the (optional) potentiometer connected to +Vg and 
the Vos pins (‘‘D” package only). Precise calibration requires 
the use of an accurate voltage standard set to the desired FS 
value and a frequency meter; a scope is useful for monitoring 
output waveshape. Verification of linearity requires the avail- 
ability of a switchable voltage source (or a DAC) having a lin- 
earity error below +0,005%, and the use of long measurement 
intervals to minimize count uncertainties, Every AD537 ts 
automatically tested for linearity, and it will not usually be 
necessary to perform this verification, which is both tedious 
and time-consuming. 


Although drifts are small it is good practice to allow the op- 
erating environment to attain stable temperature and to en- 
sure that the supply, source and load conditions are proper. 
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Begin by setting the input voltage to 1/10,000 of full scale. . 
Adjust the offset pot until the output frequency is 1/10,000 
of full scale (for example 1Hz for FS of 10kHz). This is most | 
easily accomplished using a frequency meter connected to the 
output. Then apply the FS input voltage and adjust the gain 
pot until the desired FS frequency is indicated. In applications 
where the FS input is small, this adjustment will very slightly 
affect the offset voltage, due to the input bias current of the 
buffer amplifier. A change of -1kQ in R will affect the input 
by approximately 100uV, which is as much as 0.1% of a 
100mV FS range. Therefore, it may be necessary to repeat 

the offset and scale adjustments for the highest accuracy. The 
design of the input amplifier is such that the input voltage | 
drift after offset nulling is typically below wVv/°C, 


In some cases the signal may be in the form of a negative cur- 
rent source. This can be handled in a similar way to a negative 
input voltage. However, the scaling resistor is no longer re- 
quired, eliminating the capability of trimming full scale in this 
fashion. Since it will usually be impractical to vary the capac- 
itance, an alternative calibration scheme is needed. This is 
shown in Figure 3. A resistor-potentiometer connected from 
the Vp output to -Vs will alter the internal operating con- 
ditions in a predictable way, providing the necessary adjust- 
ment range. With the values shown, a range of +4% is available; 
a larger range can be attained by reducing R1. This technique 
does not degrade the temperature-coefficient of the converter, 
and the linearity will be as for negative input voltages. The 
minimum supply voltage may be used. 


Unless it is required to set the input node at exactly ground 
potential, no offset adjustment is needed. The capacitor C is | 
selected to be 5% below the nominal value; with R2 in its mid- 
position the output frequency is given by 


I 
f = ——__— 
10.5 X C 


where f is in kHz, I is in mA and C is in uF. For example, for 
a FS frequency of 10kHz at a FS input of ImA, C = 9500pF. 
Calibration is effected by applying the full-scale input and 
adjusting R2 for the correct reading. 


This alternative adjustment scheme may also be used when it 
is desired to present an exact input resistance in the negative- 
voltage mode. The scaling relationship is then 


Vv 1 


f= Oe 
10.5 C 


Rexact 


The calibration procedure is then similar to that used for posi- 
tive input voltages, except that the scale adjustment is by 
means of R2. 
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Figure 3. Scale Adjustment for Current Inputs 


INPUT PROTECTION 

The AD537 was designed to be used with a minimum of ad- 
ditional hardware. However, the successful application of a 
precision IC involves a good understanding of possible pitfalls 
and the use of suitable precautions. 


The -Vin, +Vin and Ixy pins should not be driven more than 
300mV below -Vs. This would cause internal junctions to con- 
duct, possibly damaging the IC. The AD537 can be protected 
from ‘‘below -Vs” inputs by a Schottky diode, CR1 (HP5082- 
2811) as shown in Figure 2, It is also desirable not to drive 
+Vinj, -Vin and Ipy above +Vs. In operation, the converter 
will become very nonlinear for inputs above (+Vs -3.5V). 
Control currents above 2mA will also cause nonlinearity. 


The 80dB dynamic range of the AD537 guarantees opera- 
tion from a control current of ImA (nominal FS) down to 
100nA (equivalent to ImV to 10V FS). Below 100nA im- 
proper operation of the oscillator may result, causing a false 
indication of input amplitude. In many cases this might be 
due to short-lived noise spikes which become added to the 
input. For example, when scaled to accept a FS input of 1V, 
the -80dB level is only 100uV, so when the mean input is 
only 60dB below FS (1mV), noise spikes of 0.9mV are-suf- 
ficient to cause momentary malfunction. 


This effect can be minimized by using a simple low-pass 
filter ahead of the converter. For a FS of 10kHz a single- 
pole filter with a time-constant of 100ms (Figure 1) will be 
suitable, but the optimum configuration will depend on the 
application and type of signal processing. Noise spikes are 
only likely to be a cause of error when the input current 
remains near its minimum value for long periods of time; 
above 100nA (1mV) full integration of additive input noise 
occurs. 


The AD537 is somewhat susceptible to interference from 
other signals. The most sensitive nodes (besides the inputs) 
are the capacitor terminals and the SYNC pin. The timing 
capacitor should be located as close as possible to the 
AD537 to minimize signal pickup in the leads. In some 
cases, guard rings or shielding may be required. The SYNC 
pin should be decoupled through a 0.005uF (or larger) ca- 
pacitor to pin 13 (+Vg). This minimizes the possibility that 


the AD537 will attempt to synchronize to a spurious signal. 
This precaution is unnecessary on the metal can package since 
the SYNC function is not brought out to a package pin 

and is thus not susceptible to pickup. 


DECOUPLING 

It is good engineering practice to use bypass capacitors on 
the supply-voltage pins and to insert small-valued resistors 
(10 to 10082) in the supply lines to provide a measure of 
decoupling between the various circuits in a system. Ceramic 
capacitors of 0.1uF to 1.0uF should be applied between the 
supply-voltage pins and analog signal ground for proper by- 
passing on the AD537. 


A decoupling capacitor may also be useful from +Vsg to SYNC 
in those applications where very low cycle-to-cycle period vari- 
ation (jitter) is demanded. By placing a capacitor across +Vs 
and SYNC this noise is reduced. On the 10kHz FS range, a 
6.8uF capacitor reduces the jitter to one in 20,000 which is 
adequate for most applications. A tantalum capacitor should 
be used to avoid errors due to dc leakage. 


OPERATION WITH NON-ZERO TC 

The good temperature stability of the AD537 can only be 
realized using stable timing components. However, compensa- 
tion for timing components which yield a net negative full- 
scale frequency TC can be easily introduced by adding a re- ' 
sistor between the +1mV/K output and -Vs. The value should . 
be selected from the curve given in Figure 4, Over this range of 
compensation the scale factor is only slightly affected; the 
error is about +0.03 %/ppm/K in frequency (e.g., 1 50ppm 

shift would change the scale factor 4.5%). 


Figure 4. Positive T.C. Induced Versus Correction Resistance 


NONLINEARITY SPECIFICATION 

The preferred method for specifying linearity error is in terms 
of the maximum deviation from the ideal relationship after 
calibrating the converter at full scale and ‘“‘zero”’. This error 
will vary with the full scale frequency and the mode of opera- 
tion. The AD537 operates best at a 10kHz full scale frequency 
with a negative voltage input; the linearity is typically within | 
+0,.05%. Operating at higher frequencies or with positive inputs 
will degrade the linearity as indicated in the specifications. The 
shape of a typical linearity plot is given in Figure 5. 
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APPLICATIONS 
eee cris VOLTS The diagrams and descriptions of the following applications 
Cr 001M ! are provided to stimulate the discerning engineer with alter- 


Vrs = #10 VOLTS native circuit design ideas. “Applications of the AD537 IC 


NEGATIVE INPUT — FIG. 4 Voltage-to-Frequency Converter’’, available from Analog 
| dn ae Devices on request, covers a wider range of topics and con- 
yy ae cepts in data conversion and data transmission using voltage- 


yj 4 
4 to-frequency converters. 


TRUE TWO-WIRE DATA TRANSMISSION 

‘Figure 7 shows the AD537 ina true two-wire data transmission 
scheme. The twisted-pair transmission line serves the dual pur- 
pose of supplying power to the device and also carrying fre- 
quency data in the form of current modulation. The PNP cir- 
cuit at the receiving end represents a fairly simple way for 

, ; converting the current modulation back into a voltage square 
Figure 5a. Typical Nonlinearity Error Envelopes with 10k Hz wave which will drive digital logic directly. The 0.6 volt square 
F.S. Output | wave which will appear on the supply line at the device ter- 
minals does not affect the performance of the AD5 37 because 


NONLINEARITY — % of Full Scale 


OUTPUT FREQUENCY -— Hz | 


+0,20 


Su ee FST CONDITIONS: of its excellent supply rejection. Also, note that the circuit 
gan ‘Vs 79 VOLTS ~ operates at nearly constant average power regardless of 
ae Vig 2 210 VOLTS frequency. 
Oe POSITIVE INPUT — FIG. 3 
2 +0.10 NEGATIVE INPUT — FIG. 4 
5 +0.08 
> +0.06 es 
<= +0.04 
ee a ee ol bats 
. eae 
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ee ee ae ae ee Ly ft iit | itt PRECISION 
10 100 10k 100k VR REPERENCE 
OUTPUT Sieur Hz ; oe +15 1k  3.3k 
Figure 5b. Typical Nonlinearity Error with 100k Hz F.S. Output S (CONNECTED TO CASE) 
OUTPUT INTERFACING CONSIDERATIONS Figure 7. True Two-Wire Operation 
The design of the output stage allows easy interfacing to all F-V CONVERTERS 7 
digital logic families. The collector and emitter of the output The AD537 can be used as a high linearity VCO in a whist 
NPN transistor are both uncommitted; the emitter can be tied locked loop to accomplish frequency-to-voltage conversion. 
to any voltage between -Vg and 4 volts below +Vs. The open By operating the loop without a low-pass filter in the feedback 
collector can be pulled up toa voltage 36 volts above the emit- path (first-order system), it can lock to any frequency from 
ter regardless of +Vs. The high power output stage can supply zero to an upper limit determined by the design, responding 
up to 20mA (10mA for ““H” package) at a maximum satura- in three or four:cycles to a step change of input frequency. In 
tion voltage of 0.4 volts. The stage limits the Output Current practice, the overall response time is determined by the charac- 
at 25mA; it can handle this limit indefinitely without dam- teristics of the averaging filter which follows the PLL. 


aging the device. 

Figure 6 shows the AD537 with a standard 0 to +10 volt input 
connection and the output stage connections. The value for 
the logic common voltage, pull-up resistor, positive logic level, 
and -Vs supply are given in the accompanying chart for several 
logic forms. 


eer 


Figure 8 shows a connection using a low-power TTL quad 

_ open-collector nand gate which serves as the phase comparator. 
The input signal should be a pulse train or square wave with 
characteristics similar to TTL or 5-volt CMOS outputs. Any 

‘duty cycle is acceptable, but the minimum pulse width is 40us. 
The output voltage is one volt for a 10kHz input frequency. 
The output as shown here is at’a fairly high impedance level; 
for many situations an additional buffer maybe required. 


LOGIC COM 
U 
Vee 


O four : Ce ee ee : ; ; 
0 LOGIC Vee Trimming is similar to V-F application trimming. First set the 


Vos trimmer to mid-scale. Apply a 10kHz input frequency and 
trim the 2kQ potentiometer for 1.00 volts out. Then apply a 
10Hz waveform and trim the Vog for ImV out. Finally, retrim 
the full scale output at 10kHz. Other frequency scales can be 
obtained by appropriate scaling of timing components, 


e +Vs 
(+15V) 


PM 
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Figure 6. Interfacing Standard Logic Families 
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Figure 8. 10kHz F-V Converter 


TEMPERATURE-TO-FREQUENCY CONVERSION 

The linear temperature-proportional output of the AD537 can 
be used as shown in these applications to perform various direct 
temperature-to-frequency conversion functions; it can also be 
used with other external connections in a temperature sensing 
or compensation scheme. If the sensor output is used externally, 
it should be buffered through an op amp since loading that 
point will cause significant error in the sensor output as well 

as in the main V-F converter circuitry. | 


An absolute temperature (° Kelvin) -to-frequency converter 

is very easily accomplished, as shown in Figure 9. The ImV 

per K output serves as the input to the buffer amplifier, which 
then scales the oscillator drive current to a nominal 298uA at 
+25°C (298K). Use of a 1000pF capacitor results in a corres- 
ponding frequency of 2.98kHz. Setting the single 2kQ trimmer 
for the correct frequency at a well-defined temperature near 
+25°C will normally result in an accuracy of +2°C from -55°C 
to +125°C (using an AD537S). An NPO ceramic capacitor is 
recommended to minimize nonlinearity due to capacitance 


drift. 


O f= 10H2/K 


VT PRECISION 
VOLTAGE 


| VR REFERENCE 


-Vs (CONNECTED TO CASE) 


Figure 9. Absolute Temperature to Frequency Converter 


OFFSET TEMPERATURE SCALES 


Many other temperature scales can be set up by offsetting the 
temperature output with the voltage reference output. Such a 


scheme is shown by the Celsius-to-frequency converter in 
Figure 10. Corresponding component values for a Fahrenheit-- 
to-frequency converter which give 10Hz/*F are given in 
parentheses. 


A simple calibration procedure which will provide +2°C accu- 
racy requires substitution of a 7.27k resistor for the series 
combination of the 6.04k with the 2k trimmer; then simply 
set the 500Q trimmer to give 250Hz at +25°C. 


High accuracy calibration procedure: 


1, Measure room temperature in K. 
2. Measure temperature output at pin 6 at that temperature. 
3. Calculate offset adjustment as follows: 


Offset Voltage (mV) = Vrgemp (pin 6) (mV). 
Room temp (K) 


x 273.2 


4. Temporarily disconnect 4922 resistor (or 50082 pot) and 
trim 2k{2 pot to give the offset voltage at the indicated 
node. Reconnect 49Q resistor. 

5. Adjust slope trimmer to give proper frequency at room 
temperature (+25°C = 250Hz). 

Adjustment for °F or any other scale is analogous. 


© fouT 
10H2/°C 
(10H2/* F) 


ORIVER 


498? 


F 
(2058?) 3900p 


(1500pF) 


PRECISION 
VOLTAGE 
REFERENCE 


2.74k 
(4.02k) 


Figure 10. Offset Temperature Scale Converters-Centigrade 
_and (Fahrenheit) to Frequency 


SYNCHRONOUS OPERATION 

The SYNC terminal at pin 2 of the DIP package can be used to 
synchronize a free running AD537 to a master oscillator, either 
at a multiple or a sub-multiple of the primary frequency. The 
preferred connection is shown in Figure 11. The diodes are 
used to produce the proper drive magnitude from high level 
signals, The SYNC terminal can also be used to shut off the 
oscillator. Shorting the terminal to +Vg will stop the oscillator, 
and the output will go high (output NPN off). | 
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Figure 11. Connection for Synchronous Operation 
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Figure 12 shows the maximum pull-in range available at a given 
signal level; the optimum signal is a 0.8 to 1.0 volt square wave; 
signals below 0.1 volt will have no effect; signals above 2 volts 
p-p will disable the oscillator. The AD537 can normally be 
synchronized to a signal which forces it to a higher frequency 
up to 30% above the nominal free-running frequency, it can 
only be brought down about 1-2%. 


FREQUENCY 
LOCK-IN 20% 
RANGE 


0.2 04 06 0.8 1.0 
Vsync SQUARE-WAVE INPUT VOLTS p-p 


Figure 12, Maximum Frequency Lock-/n Range Versus Sync. 
Signal 


LINEAR PHASE LOCKED LOOP 

The phase-locked-loop F/V circuit described earlier operates 
from an essentially noise-free binary input. PLL’s are also used 
to extract frequency information from a noisy analog signal. 
To do this, the digital phase-comparator must be replaced by a 
linear multiplier. In the implementation shown in Figure 13, 

the triangular waveform appearing across the timing capacitor 

is used as one of the multiplier inputs; the signal provides the 
other input. It can be shown that the mean value of the multi- 
plier output is zero when the two signals are in quadrature. In 
this condition, the ripple in the error signal is also quite small. 
Thus, the voltage at pin 5 is essentially zero, and the frequency 
is determined primarily by the current in the timing resistor, 
controlled either manually or by a control voltage. 
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Figure 13, Linear Phase-Locked Loop 
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Noise on the input signal affects the loop operation only 
slightly; it appears as noise in the timing current, but this 

is averaged out by the timing capacitor, On the other hand, 
if the input frequency changes there is a net error voltage 
at pin 5 which acts to bring the oscillator back into quadra- 
ture. Thus, the output at pin 14 is a noise-free square-wave 
having exactly the same frequency as the input signal. The 
effectiveness of this circuit can be judged from Figure 14 
which shows the response to an input of 1V rms 1kHz sinu- 
soid plus 1V rms Gaussian noise. The positive supply to the 
AD537 is reduced by about 4V in order to keep the voltages 
at pins 11 and 12 within the common-mode range of the 
ADS5 34. 


Since this is also a first-order loop the circuit possesses a very 
wide capture range. However, even better noise-integrating 
properties can be achieved by adding a filter between the 
multiplier output and the VCO input. Details of suitable 
filter characteristics can be found in the standard texts on 
the subject. 
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Figure 14. Performance of AD537 Linear Phase- 
Locked Loop | 


By connecting the multiplier output to the lower end of the 
timing resistor and moving the control input to pin 5, a high- 
resistance frequency-control input is made available. However, 
due to the reduced supply voltage, this input cannot exceed 
+6V. 


TRANSDUCER INTERFACE 

The AD537 was specifically designed to accept a broad range 
of input signals, particularly small voltage signals, which may 
be converted directly (unlike many V-F converters which re- 
quire signal pre-conditioning). The 1.00V stable reference out- 
put is also useful in interfacing situations, and the high input 
resistance allows non-loading interfacing from a source of 
varying resistance, such as the slider of a potentiometer. 


THERMOCOUPLE INPUT 
The output of a Chromel-Constantan (Type E) thermocouple, 
using a reference junction at 0°C, varies from 0 to 53.14mV 
over the temperature range 0 to +700°C with a slope of 
80.678uV/degree over most of its range and some nonlinearity 
over the range 0 to +200°C. For this example, we assume that 
it is desired to indicate temperature in Degrees Celsius using a 
counter/display with a 100ms gate width. Thus, the V-F con- 
verter must deliver an output of 7kHz for an input of 53.14mV. 
If very precise operation down to 0°C is imperative, some sort 
of linearizing is necessary (see, for example, Analog Devices’ 
Nonlinear Circuits Handbook, pp92-97) but in many cases 
operation is only needed over part of the range. 


The circuit shown in Figure 15 provides good accuracy from 
+300 C to +700°C, The extrapolation of the temperature- 
voltage curve back to 0°C shows that an offset of -3.34mvV is 
required to fit the curve most exactly. This small amount of 
voltage can be introduced without an additional calibration 
step using the +1.00V output of the AD537, To adjust the 
scale, the thermocouple should be raised to a known refer- 
ence temperature near 500 C and the frequency adjusted to 
value using R1. The error should be within +0.2% over the 
range 400 C to 700°C, 
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Figure 15. Thermocouple Interface with First-Order 
Linearization : 
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Frequency-to-Voltage Converter 


Voltage-to-Frequency and 


AD690 


ADVANCE TECHNICAL DATA 

FEATURES 
V/F Conversion to 1MHz 
Unipolar, Bipolar, or Differential V/F 
Very High Linearity 

0.002% typ at 10kHz 

0.005% typ at 100kHz 

0.1% max at IMHz 
Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Reliable Monolithic Construction 
V/F or F/V Conversion 


PRODUCT DESCRIPTION 

The AD650 V/F/V (voltage to frequency or frequency to 
voltage) converter features both high linearity and ultra 
fast operation yet is priced in the same range as many lower 
performance devices. This is possible due to the AD650’s 
sophisticated charge balancing circuit technique combined 
with completely diffused monolithic construction. Three 
other features that contribute to the AD650’s flexibility are 
unipolar or bipolar input voltage ranges, input offset trim 
capability and separate analog and digital grounds. 


At frequencies of 10kHz and lower, the AD650 outperforms 
all but the most expensive hybrids with a typical linearity 
error of 20ppm. Continuing up the frequency scale other V/Fs 
begin to experience serious linearity problems at 100kHz but 
the AD650 maintains very solid performance with 50ppm 
typical linearity error. And at 1MHz, linearity error is still 
only 1000ppm max. 


Input offset voltage can be nulled out by using a 20k2Q ad- 
justable resistor across pins 13 and 14 with the center tap 
connected to +Vs through a 250kQ resistor. This adjustment 
compensates for input offset by changing the collector bias 
current in the differential input transistor pair. 


Two commercial grades are offered in both 16-pin plastic (N) 
and CERDIP (Q) dual-in line packages. The less expensive J 
grade is specified for operation up to 500kHz, while the 
premium K grade operates up to 1MHz. A -55°C to +125°C 
ceramic part (AD650SQ) with operation up to 1MHz is also 
available. 


AD650 FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT HIGHLIGHTS 


1. 


In addition to very high linearity, the AD650 can operate 
at full scale output frequency up to 1MHz. The combi- 
nation of these two features make the AD650 an inex- 
pensive alternative in applications requiring high resolution 
monotonic A/D conversion. 7 


. An internal current source connected to the +IN terminal 


can be activated to allow bipolar or differential V/F | 
conversion, With an extra 10V zener diode the differential 
mode input range can be expanded to +10 volts common 
mode and +10 volts differential. 


. TTL or CMOS compatibility is achieved using an open 


collector frequency output. The pullup resistor can be 
connected to voltages up to +30V, or +15V or +5V for 
conventional CMOS or TTL logic levels. 


. The maximum input voltage can be adjusted to accom- 


modate a wide range by selecting the appropriate input 
resistor. Maximum input current should be set at 0.25mA. 


. The same components used for V/F conversion can also be 


used for F/V conversion by adding a simple logic biasing 
network and reconfiguring the AD650. 


. Separate analog and digital grounds make real world 


applications easier by preventing ground loops. 
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SPECIFICATION S (typical @ #25°C with Vs : +15V, unless otherwise noted) 


MODEL | AD650J AD650K -AD650S 
DYNAMIC PERFORMANCE 7 | 
Minimum Frequency Range 0 to 500kHz Oto1MHz = Oto 1MHz 
Maximum Nonlinearity’ fy,ax = 10kHz 100ppm_. i : 
: 100kHz 200ppm ‘ i 
500kHz 500ppm . 1000ppm 
1MHz = 1000ppm 2000ppm 
Full Scale Calibration Error 
(Adjustable to Zero) +5% 4 * 
vs. Supply” +0,002% of FSR/% max . . 
vs. Temp. +150ppm/°C max +100ppm/°C 4 
BIPOLAR OFFSET CURRENT | 
Activated by 1.25kQ between pins 4 and 5 0.5mA +10% i : 
DYNAMIC RESPONSE 
Maximum Settling Time for Full Scale 1 Pulse of New Frequency 
Step Input Plus lus ” : 
Overload Recovery Time 1 Pulse of New Frequency 
Plus lus . _ 
ANALOG INPUT AMPLIFIER (V/F Conversion) 
Current Input Range 0 to +0.25mA : 3 
Voltage Input Range -10 to O . i 
Differential Impedance 170kQ||10pF min bd : 
Common Mode Impedance 2.5MQ2||10pF min ‘ . 
Input Bias Current 
Noninverting Input 40nA max ‘ af 
Inverting Input 8nA max m ” 
Input Offset Voltage 
(Trimmable to Zero) 4mV max . * . : 
vs. Temp. (Tmin tO Tmax) 30uV/°C . is 
Safe Input Voltage _ EVs | a : ? 
COMPARATOR (F/V Conversion) 
Logic “‘O” Level -Vs to -1V ss 
Logic “1” Level +1V to +Vs * . 
Pulse Width Range , O.1ps to (0.15/frnax US = . 
Input Impedance 250kQ2 . . 
OPEN COLLECTOR OUTPUT (V/F Conversion) — 
Output Sink Current in Logic ‘‘0” 
Vout = 0.4V max, Tmin tO Tmax 8mA min 
Output Leakage Current in Logic “1” 100nA max 
Voltage Range 0 to 30V 
AMPLIFIER OUTPUT (F/V Conversion) 
Voltage Range (15002 min load resistance) 0 to10V 
Source Current (750Q max load resistance) +10mA min i ‘ 
Capacitive Load 100pF - ee 
POWER SUPPLY 
Voltage, Rated Performance 
Dual Supply +9V to +20V .: a , 
Quiescent Current 6mA max bs ae 
TEMPERATURE RANGE 
Rated Performance 0 to +70°C ~ -55°C to +125°C 
Storage -65°C to +150°C : . 
PACKAGE OPTIONS? | 
Plastic DIP — N14A AD650JN AD650KN N/A 
CERDIP — QI6A AD650JQ AD650KQ AD650SQ 
NOTES | 


1 Nonlinearity is defined as deviation from a straight line from zero 

to full scale, expressed as a fraction of full scale. 
2 Power supply rejection measured at full scale output frequencylof 10kHz. 
>See Section 20 for package outline information. 


*Specifications same as AD650J. 
Specifications subject to change without notice. 
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- Voltage-to-Frequency and 
Frequency-to-Voltage Converter 
~_ ADVFC32 


PRELIMINARY TECHNICAL DATA 


FEATURES 

High Linearity 
+0.01% max at 10kHz FS is 
+0.05% max at 100kHz FS 

+0.2% max at 0.5MHz FS 

Output DTL/TTL/CMOS Compatible 

V/F or F/V Conversion 

6 Decade Dynamic Range 

Voltage or Current Input 

Reliable Monolithic Construction 

Low Cost 


PRODUCT DESCRIPTION 

The industry standard ADVFC32 1s a low cost monolithic 
voltage to frequency (V/F) converter or frequency to voltage 
(F/V) converter with good linearity (0.01% max error at 
10kHz) and operating frequency up to 0.5MHz. In the V/F 
configuration, positive or negative input voltages or currents 
can be converted to a proportional frequency using external 
components. For F/V conversion, the same components are 
used with a simple biasing network to accommodate a wide 
range of input logic levels. 


TTL or CMOS compatibility is achieved in the V/F operating 
mode using an open collector frequency output. The pullup 
resistor can be connected to voltages up to 30 volts, or to 
+15V or +5V for conventional CMOS or TTL logic levels. This 
resistor should be chosen to limit current through the open 
collector output to 8mA, or a larger resistance can be used if 
driving a high impedance load. 


Input offset drift is only 3ppm of full scale per °C, and full 
scale calibration drift is held to a maximum of 100ppm/°C 
(ADVFC32BM) due to a low T.C. zener diode. Power supply 
rejection of +0.002%/% keeps additional external error sources 
at a minimum. | 


The ADVFC32 is available in commercial, industrial, or mili- 
tary temperature grades. The commercial grade is packaged in 
a 14 pin epoxy DIP while the two wider temperature range 
parts are packaged in hermetically sealed TO-100 cans. 883B 
processing is also available on the -55°C to +125°C part. 


ADVFC32 FUNCTIONAL BLOCK DIAGRAM 


ONE. SHOT 
CAPACITOR 


PRODUCT HIGHLIGHTS 


1. 


. Full scale frequency to 0.5MHz is possible using commonly 


The ADVFC32 uses a charge balancing circuit technique 
(see Functional Block Diagram) which is well suited to 
higher accuracy voltage to frequency conversion. Another 
strong point of this technique is that capacitance changes 
in the integration capacitor due to temperature or other 
influences are subtracted out in the V/F conversion cycle 
and have no net effect. 

available capacitors for one shot timing and integration. 
The maximum input voltage can also be adjusted to accom- 

modate a wide range by selecting the appropriate input 

resistor, Maximum input current should be set at 0.25mA. 


. The same components used for V/F conversion can also be 
used for F/V conversion by adding a simple logic biasing 


network and reconfiguring the ADVFC32. 


. Inexpensive diffused monolithic construction and plastic 


packaging (ADVFC32KN) for a low cost to the end user. 
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SPECIFICATIONS (typical @ +25°C with Vs = +15V, unless otherwise noted) 


Model VFC32KN VFC32BH | WFC32SH 
DYNAMIC PERFORMANCE 
Minimum Frequency Range 0 to 500kHz : . 
Maximum Nonlinearity’ 

fmax = 10kHz +0.01% max : ‘ 

fmax = 100kHz +0.05% max " . 

fmax = 0.5MHz +0.2% i 
Full Scale Calibration Error (adjustable to zero) +5% . . 

vs. Supply? +0.002% of FSR/% max . | i. 

vs. Temperature +150ppm/°C max +100ppm/°C i 

DYNAMIC RESPONSE 
Max Settling Time for Full Scale 1 Pulse of New Frequency 

Step Input | Plus 1s : : 

Overload Recovery Time 1 Pulse of New Frequency 

| Plus lus a * 

ANALOG INPUT AMPLIFIER (V/F Conversion) 

Current Input Range ~0to +0.25mA [ = 
Voltage Input Range -10 to 0,0 to 0.25mA X R1 * . 
Differential Impedance 170kQ|10pF min © . : 
Common Mode Impedance 2.5MQ|l10pF min . . 
Input Bias Current | 

Noninverting Input 40nA max : 

Inverting Input 8nA max uy 
Input Offset Voltage 

(trimmable to zero) 4mV max : 

vs. Temperature (Tin tO Tmax) 30uV/°C " 
Safe Input Voltage tVs5 ‘i ei 

COMPARATOR (F/V Conversion) | 
Logic ‘‘0”’ Level -Vs to -0.6V , . 
Logic ‘1”’ Level +1V to +Vs . 
Pulse Width Range O.1ys to (0.15/fmax:, y,HS * a 
Input Impedance | 250k22 . : 
OPEN COLLECTOR OUTPUT (V/F Conversion) : 
Output Sink Current in Logic ‘‘0” 

Vout = 0.4V max (Tmin to Tmax) 8mA min ‘ i 
Output Leakage Current in Logic “1” 100nA max : 
Voltage Range 0 to +30V . 

Fall Times (Load = 500pF and 400ns . : 

louT = —~9mA) | 

AMPLIFIER OUTPUT (F/V Conversion) 

Voltage Range 0 to 10V (15002 min) : a 

Source Current +10mA min (max Load . . 

Resistance of 7502) 

Capacitive Load 100pF : i 
POWER SUPPLY 

Voltage, Rated Performance 

Dual Supply +9V to t20V & 

Quiescent Current 6mA max . * 
TEMPERATURE RANGE 

Rated Performance 0 to +70°C -25°C to +85°C -55°C to +125°C 

Storage -65°C to +150°C ; . 
PACKAGE OPTIONS® 

Plastic DIP (N14A) ADVFC32KN N/A N/A 

TO-100 N/A ADVFC32BH ADVFC32SH 


1 Nonlinearity is defined as deviation from a straight line from zero to full scale, 
expressed as a percentage of full scale. 

2 Power supply rejection measured at full scale output frequency of 10kHz. 

-3See Section 20 for package outline information, 

*Specifications same as VFC32KN. 

Specifications subject to change without notice. 
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“N’’ PACKAGE — N14A 
ORDERING GUIDE 
Part Gain Tempco Temp Range 
Number ppm/°C °C Package 
ADVFC32KN 150 0 to +70 N14A (Plastic DIP) 
ADVFC32BH 100 -25 to +85 TO-100 
ADVFC32SH* 150 -55to +125 TO-100 


*Order ADVFC32SH/88 3B for 883B processing. 


Applying the ADVFC32 | | 


UNIPOLAR V/F, POSITIVE INPUT VOLTAGE 

When operated as a V/F converter, the transformation from 
voltage to frequency is based on a comparison of input signal 
magnitude to the ImA internal current source. To illustrate #. 5 
this, consider one full cycle: the one shot output has just gone 
low disconnecting the 1mA current source from the inverting 
input, so that the only current flowing into the integrator is 
Vin/Ryn. This current charges the integration capacitor (C2), 
forcing the integrator output down until the comparator trig- 
gers the one shot. During the active one shot period, the ImA 
current source discharges the integration capacitor causing the 
integrator to ramp back up. The end of the one shot time 
period marks the end of the cycle and the integrator output 
voltage will be at the same level as at the beginning of the 
cycle. Some thought will show that this loop is self stabilizing, 
and will converge to a unique frequency. 


Throughout the entire cycle (including the one shot time 
period) the input current (Vjj/Ryn) flows into the summing 
junction. The resulting voltage developed across the integration 
capacitor is discharged during the one shot time period 
through the 1mA current source. Since the integrator voltage 
ended up at the same level, the two (current X time) products 
must be equal. 


Mathematically, 


Sp VINE eee 
1mA X tone shot = Rin Frequency 


or reformulated, frequency is directly proportional to in- 
put voltage: 


VIN 


cans peyen 1mA X tone shot X Rin | 12 
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Figure 2. Connection Diagram for V/F Conversion, 
Positive Input Voltage 
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Components should be selected to optimize performance over 
the desired input voltage and output frequency range using 
the equation listed below. 


" 3.3.X 10% 
C; = eed 3.0 X 1071! Farads 
Fmax 
104 see 
2=F Farads (1000pF minimum) 
max 
_ Vin max 
RIN 995° St 


Ro > *VLOGIC 49 
8 


(maximum sink current of 8mA) 


Both Ry and Cl should have very low temperature coeffi- 
cients as changes in their values will result in a proportionate 
change in the V/F transfer function. Other component values 
and temperature coefficients are not critical. 


[nput resistance Ryy is composed of a fixed resistor (R1) and 
a variable resistor (R3) to allow for initial gain error compen- 
sation. To cover all possible situations, R3 should be 20% of 
Ryn; and R1 should be 90% of Ryy. This allows a £10% gain 
compensation. If more accurate initial offset is required, the 
circuit of R4 and R5 can be added. R5 can have a value 
between 10kQ2 and 100kQ2 but must have a temperature coef- 
ficient of <100ppm/°C. The tolerance and temperature coef- 


ficient of R4 are not critical as long as it has a nominal value 
of 10MQ2. 


BIPOLAR V/F 

By adding another resistor from pin 1 (pin 2 of TO-100 can) 
to a stable positive voltage, the ADVFC32 can be operated 
with a bipolar input voltage. For example, an 80k{2 resistor 
to +10V causes an additional current of 0.125mA to flow into 
the integrator so that the net current flow to the integrator is 
positive even for negative input voltages. At negative full scale 
input voltage, -0.125mA will flow into the integrator from 
Vin cancelling out the 0.125mA from the offset resistor, 
resulting in an output frequency of zero. At positive full 
scale, the sum of the two currents will be 0.25mA and the 
output will be at its maximum frequency. 


UNIPOLAR V/F, NEGATIVE INPUT VOLTAGE 

Figure 3 shows the connection diagram for V/F conversion of 
negative input voltages. In this configuration full scale output 
frequency occurs at negative full scale input, and zero output 
frequency corresponds with zero input voltage. 


A very high impedance signal source may be used since it only 
drives the noninverting integrator input. Typical input im- 
pedance at this terminal is 250kQ2 or higher. For V/F conver- 
sion of positive input signals the signal generator must be able 
to source 0.25mA to properly drive the ADVFC32, but for 
negative V/F conversion the 0.25mA integration current is 
drawn from ground through R1 and R3. 


Circuit operation for negative input voltages is very similar to 
positive input unipolar conversion described in a previous 
section. For best operating results use component equations 
listed in that section. 
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Figure 3. Connection Diagram for V/F Conversion, 
Negative Input Voltage 


F/V CONVERSION 

Although the mathematics of F/V conversion can be very 
complex, the basic principle is easy to understand. Figure 4 
shows the connection diagram for F/V conversion with TTL 
input logic levels. Each time the input signal crosses the com- 
parator threshold going negative, the one shot is activated 
and switches 1mA into the integrator input for a measured 
time period (determined by C1). As the frequency increases, 
the amount of charge injected into the integration capacitor 
increases proportionately. The voltage across the integration 
capacitor is stabilized when the leakage current through R1 
and R3 equals the average current being switched into the 
integrator. The net result of these two effects is an average 
output voltage which is proportional to the input frequency. 
Optimum performance can be obtained by selecting com- 
ponents using the same guidelines and equations listed in the 
V/F conversion section. 
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Figure 4. Connection Diagram for F/V Conversion, TTL 
Input 
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FEATURES 

Low Cost. 

Versatility: Adjustable Threshold, Gain & Output Offset 

Guaranteed Low Nonlinearity: 80ppm Max, 451L and 453L 

Accepts TTL, CMOS, HNIL, Sinewave, Pulse, Squarewave and 
Triangle Wave Input Signals 

No External Components to Meet Rated Performance 

+20mA Output to Operate Relays and Meters 

Low Profile Package, 0.4’’ Case Height 

Meet MIL-STD-202E Environmental Testing 


APPLICATIONS 

Motor Control and Speed Monitor 

Line Frequency Monitor and Alarm Indicator 
Fluid Flow Measurements and Control 

FM Demodulation and VCO Stabilization 
Frequency vs. Amplitude Response Measurements 


GENERAL DESCRIPTION 

Models 451 and 453 are low cost 10kHz and 100kHz frequency | 
to voltage converters that feature excellent low nonlinearity to 
less than 80ppm, output current of +20mA and the capability 

of interfacing with TTL, HNIL, CMOS, sinewave, squarewave, 
pulse and triangular input signals. External components are not 
required to achieve rated performance, however, extreme ver- 
satility is maintained by allowing access to all critical points of 
the design. This versatility allows programmable input thresh- 
old, gain, and output offset voltage. 


Both models 451 and 453 are available in three selections, each 
offering guaranteed maximum nonlinearity error as well as 
maximum gain drift error. Models 451] and 453] offer 0.03% 
max nonlinearity and 100ppm/°C max gain drift. Models 451K 
and 453K offer 0.015% max nonlinearity and 50ppm/°C max 
gain drift. Models 451L and 453L offer 0.008% max nonline- 
arity and 50ppm/°C max gain drift. 


WHERE TO USE FREQUENCY TO VOLTAGE CONVERTERS 
Pin compatible with existing popular models, these versatile 

new designs offer economical solutions to a wide variety of 
applications where it is required to convert frequency to an 
analog voltage. 


Process Control Systems: For motor speed controllers, power 
line frequency monitoring and fluid flow measurements where 
flow transducers, such as variable reluctance magnetic pickups, 
provide pulse train outputs as a linear function of flow rate. 


Audio and Accoustic Systems: For wow and flutter measure- 
ments with tape recorders and turntables, FM demodulation 
and speaker response measurements. 


Test Instrumentation: For VCO stabilization, analog readout 
_ frequency meter, vibrational analysis and frequency versus 
amplitude X-Y plots where the vertical axis presents the nor- 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 12-11. 


Low-Cost, Versatile, 10/100kHz 
Frequency to Voltage Converters 
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mal amplitude signal and the horizontal axis presents the out- 
put signal from the F/V converter. 


Data Acquisition Systems: For converting seriaily transmitted 
data back to analog voltages. 


DESIGN FEATURES AND USER BENEFITS 

The combination of low cost and high performance provided 
by models 451 and 453 offers exceptional quality and value 

to the OEM designer. These compact modules have been de- | 
signed to provide maximum versatility, thereby increasing their 
utility in a broad scope of applications. 


Adjustable Input Threshold: Threshold level is externally resis- 
tor programmable from 0 to +12V, permitting simple, direct 
interface with low level signals, e.g. 10mV p-p, as well as with 
high level inputs such as CMOS and HNIL logic levels, e.g. 0 

to +12V. 


Adjustable Gain: Model 451 can be adjusted to provide full 
scale output voltage for any input frequency from 1kHz to 
20kHz. Model 453 can be adjusted to provide full scale output 
voltage for any input frequency from 1kHz to 200kHz. This 
adjustable gain feature enables the user to easily match the 
maximum frequency output from a wide class of frequency __ 
transducers to the +10V full scale output from models 451 and 
453. Increased signal conversion sensitivity: with higher resolu- 
tion results. 


Adjustable Output Offset Voltage: The output offset is adjust- 
able from -10V to +10V, enabling bipolar outputs or expanded 
scale measurements or setting the input frequency where zero 
output voltage occurs. 
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SPECIFICATIONS (typical @ +25°C and V, = +15V de unless otherwise noted) 


10kHz FULL SCALE 100kHz FULL SCALE 
451 453 
MODEL J K Lk 


TRANSFER FUNCTION Eo = (10° V/Hz)(Fin) Eo = (10° V/Hz)(Fyn) 


FREQUENCY INPUT 


Frequency Range dc to 10kHz min dc to 100kHz min 
Overrange 10% min 10% min 
Waveforms Sine, Square, Triangle, Pulse Train Sine, Square, Triangle, Pulse Train 
Pulse Width (Pulse Train Input) 20us min 2us min 
Threshold +1.4V +1.4V 
With External Adjustment OV to t12V OV to t12V 
Hysteresis +50mV +100mV 
Levels (TTL Compatible) High +1.45V to +12V +1.5V to +12V 
Low -12V to +1.35V -12V to +1.3V 
Max Safe Input Voltage! tVs tVs 
Impedance 10M22||10pF 10M{2||10pF 
ACCURACY 
Warm-Up Time one minute one minute 
Nonlinearity” 
Fin = 1Hz to 11kHz +0.03% max +0.015% max +0.008% max i = = 
Fin = 1Hz to 110kHz _ _ — +0.03% max +0.015% max +0.008% max 
Gain vs. Temperature? (0 to +70°C) +100ppm/°C max +50ppm/°C max +50ppm/°C max +100ppm/°C max +50ppm/°C max +50ppm/°C max 
vs. Supply Voltage +300ppm/% +350ppm/% 
vs. Time +30ppm/month +30ppm/month 
RESPONSE 
Step Response to 0.5% of Final Value 
Fin = de to Full Scale 4ms 0.8ms 
Fin = Full Scale to de 30ms 4ms 
Internal Filter Time Constant 200us 24us 
External Filter Time Constant 20ms/puF 20ms/uF 
OUTPUT 
Voltage (Fin = Full Scale)* +9.85V min; +9.95V max +9.85V min; +9.95V max 
Current (Eo = +10V, -10V) (+20, -2)mA min (+20, -2)mA min 
Offset Voltage® @ +25°C £7.5mV max +7.5mV max 
vs. Temperature (0 to +70°C) +30uV/°C max +30uV/°C max 
vs. Supply Voltage +100uUV/% max +50uV/% max 
vs. Time +100”nV/month +100uV/month 
Ripple 
Fin = 1Hz 3mV p-p 55mV p-p 
Fin = 10kHz 80mV rms 35mV rms 
Fin = 100kHz , = 35mV rms 
Impedance 0.122 0.12 
Offset Scale Factor’ -56UA/V -45uA/V 
POWER SUPPLY° . 
Voltage, Rated Performance +15V dc +15V dc 
Voltage, Operating +(12 to 18)V de +(12 to 18)V de 
Current, Quiescent (+10, -8)mA (+10, -8)mA 
TEMPERATURE RANGE 
Rated Performance 0 to +70°C 0 to +70°C 
Operating -25°C to +85°C -25°C to +85°C 
Storage -55°C to +85°C -55°C to +125°C 
MECHANICAL 
Case Size 1.5" x 1.5" x 0.4" 1.5" x 1.5" x 0.4" 
Weight 25 grams 25 grams 
‘Fin and REF terminals can be shorted to ¢V, indefinitely without damage. 6 Adjustable to zero using 50kQ OFFSET ADJUST trim pot. 
? Nonlinearity error is specified as a percentage of 10V full scale output level. 7Current into the SUM PT terminal to offset the output voltage positive. 
> Gain temperature drift is specified in ppm of output signal level. * Recommended power supply, ADI model 904, +15V @ 50mA output. 
“OUT terminal can be shorted indefinitely to £V, and ground without damage. Specifications subject to change without notice. 


5 Adjustable to +10.000V using FULL SCALE ADJUST trim pot. 


OUTLINE DIMENSIONS 


All Units Meet the Requirements of Dimensions shown in inches and (mm) 


MIL-STD-202E as Oudined Below 


Terminal Strength 211A A_(Pull Test; 10 Ibs 
Temperature Cycling 102A D (-55 C/+85 °C) 
Vibration 204C B (15g Peak) 
Barometric Pressure 105C B (50,000 Feet 


WEIGHT: 25 grams 


TEST METHOD CONDITION Je 1.51 (38 1) Max ———> t m7 
| | 

High Temperature Storage 108A D (Non-Operating) se HH 
Moisture Res.stance 106D 10 Days t salad iH 
Solderability 208C Sea a 
Thermal Shock 107D A_(5 Cycles) f 0.04 (1.02) 1a —| = cH 
ime 

LL 
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OTTOM VIEW | 0.1(2.5) 
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TABLE 1. Environmental Specifications 
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Selection Guide 
Synchro & Resolver Converters 


The products in this section are generally concerned with angular measurements. They include the following classes of 
device: 
Digital Angle to Trigonometric (sine-cosine) Analog Voltage 
Digital-to-Resolver Converters 
Digital-to-Synchro Converters 
Inductosyn™ -to-Digital Converters 
Resolver-to-Analog Voltage Converters 
Resolver-to-Digital Converters 
Resolver-to-Digital Display (Angular-Position Indicators) 
Synchro-to-Analog Voltage Converters 
Synchro-to-Digital Converters 
Synchro-to-Digital Display (Angular-Position Indicators) 


° 


Complete descriptions, specifications, and applications information on the products in this section can be found in the data 
sheets. Brief general information can be found overleaf. 


The Selection Guide is provided to ease the job of finding the right unit to do your job. Devices are listed in the Selection 
Guide vertically, by model number, in alphabetic, then numeric order, as well as by function and type of input. Salient 
characteristics are listed horizontally. A bullet is placed at each intersection that is appropriate for each device. 


ANALOG 


DIGITAL I/O 


RESOLUTION (BITS) 


DSC1705 
DSC1706 


DTM1716 
DTM1717 


Inductosyn/ IRDC1730 
Resolver to IRDC1731 
Digital 


Digital to 
Synchro Resolver 


Digital to 
Trig. (Analog) 


DIGITAL 
INPUT 


INDUCTOSYN 


Resolver to RDC1727 

Digital RDC1740 
RESOLVER INES Converters RDC1741 
RDC1742 


Sync/Resolver SAC1763 
Analog 


Synchro or SBCD1752 
Resolver to SBCD1753 
BCD Converters SBCD1756 
SBCD1757 


Synchro or SDC1700 
Resolver to SDC1702 
Binary SDC1704 
SDC1725 
SDC1726 


Synchro to SDC1727 
Digital SDC1740 
SDC1741 
SDC1742 


113 Bit BCD plus sign. 
714 Bits BCD. 
Inductosyn is a registered trademark of Farrand Industries Inc. 
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Here’s an example of its use: if you were looking for a 14-bit resolver-to-digital converter with the highest accuracy in the 
smallest package, you night start at the 14-bit column; you would see that there are two resolver families that have 14-bit 
resolution and error less than 5 arc-minutes: RDC1740 and SDC1704; the RDC1740 is a hybrid, and the SDC1704 is in a 
0.4"H module. Thus, you would be quickly led to look at the SDC/RDC1740 data sheet and be guided to its location by the 
page number at the right. 


In addition to the devices listed in the chart, data sheets for the following accessory products are also to be found in this 
section: 


Resolver and Synchro 5VA Output Transformers, models 


RTM/STM1686/1696/1736/1687/1697/1737 Volume II, Page 13-27 
Synchro/Resolver 5VA-Output Power Amplifier, model SPA1695 Volume II, Page 13-57 
Two-Speed Processor for Coarse/Fine Synchro/Resolver Systems, 

model TSL1612 Volume II, Page 13-59 


fe [a PACKAGE 
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13-5 AP11620 
13-5 API1718 


13-9 DSC1705 
13-9 


aa 13 
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DSC1706 


| DIMI | 
| DIMI | 


SBCD1752 
SBCD1753 
SBCD1756 
SBCD1757 


$DC1727 
SDC1740 
SDC1741 
SDC1742 
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Orientation 
Synchro & Resolver Converters 


These products constitute a complete line of devices for the 

‘digital measurement and control of angular and linear displace- 
ments by means of synchros, resolvers, and Inductosyns. In 
addition to modules and hybrid circuits that perform the 
appropriate conversions, the line also includes modules that 
perform purely algebraic or logical functions; in some cases, 
solid-state circuitry emulates the functions of electromechan- 
ical devices. 


The range of synchro processing modules now available covers 
a wide area of application. They are widely used in military and 
radar applications, but there are additional fields in which they 
could be used to advantage because of the proven ruggedness 
and high precision of the electromechanical hardware, their 
standardized specifications, and their low cost. They have a 
number of advantages over potentiometers and optical systems. 


In this introductory section, there will be provided a brief set 
of device definitions. Detailed data and applications informa- 
tion is given in the data sheets. For a complete introduction to 
synchro/digital conversion, Analog Devices has available a 208- 
page book, Synchro and Resolver Conversion, edited by G. 
Boyes (1980), $11.50. 


In this section, and in much of the text, the word “Synchro” 
appears frequently. In many cases, the word ‘‘Resolver”’ could 
be used in its place. The modules make use of angular data in 
resolver form; if the input data is in three-wire synchro form, 
transformers in “Scott T’’ configuration convert it to resolver 
form; analog outputs are available in both forms. There are a 
number of voltage and frequency options. 


REPRESENTATION OF ANGLES IN DIGITAL FORM 
Binary 

The most commonly used method of representing angles in 
digital form is simple natural binary weighting, where the most- 
significant bit (MSB) represents 180°, the next represents 90°, 
etc. The table shows the bit weights in degrees, degrees-and- 
minutes, and radians for this coding method. 


BCD 

When angular measures have to be displayed in visual form, 
BCD coding is used, through the use of binary-to-BCD con- 
verters, such as the BDM1615, which provides the necessary 
scaling and conversion, e.g., from 10100000000000 (180° 
+ 45°) to 10 0010 0101.0000 000 (or 225.00°).. 


TYPICAL S/D/S DEVICES 

Binary-to-Binary-Coded-Digital Converter (BDM1615/16/17) 
A device that accepts angular data in binary form and converts 
it to BCD form, with fractional degrees in decimal fractions of 
1° (1615, 1617) or minutes and seconds (1616). The BCD 
output is modulo 360°. 
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Bit No. Degrees Degrees, minutes Radians 
1 180 180 O 3.141593 
2 90 90 O 1.570796 
3 45 45 0 0.785398 
4 22.5 22 30 0.392699 
5 11.25 11 15 0.196349 
6 5.625 5 37.5 0.098175 
7 2.8125 2 48.75 0.049087 
8 1.40625 ‘1 24.38 0.024544 
9 0.70312 0 42.19 0.012272 
10 0.35156 0 21.09 0.006136 
11 0.17578 0 10.55 0.003068 
12 0.08789 ) 5.27 0.001534 
13 0.04395 0 2.64 0.000767 
14 0.02197 0 1.32 0.000383 
15. 0.01099 ) 0.66 0.000192 
16 0.00549 0 0.33 0.000096 


Digital-to-Synchro Converters (DSC1705/06) 

Devices that accept parallel binary digital inputs (14 or 12 
bits) and an ac reference signal, and provide outputs in 3-Wire 
synchro form. 


Inductosyn/Resolver-to-Digital Converter (IRDC1730) 

A device that produces a digital output capable of resolving 
(to 12 bits) intermediate distances within a single track-pitch 
of a Farrand linear-Inductosyn stator in displacement- and 
angle-measuring Inductosyn systems. The moving element is 
used as though it were a resolver input; hence the device will 
also convert resolver information to digital. 


Synchro-to-Digital Converter 

A device that accepts either 3-wire synchro- or 4-wire resolver 
inputs, together with a 2-wire ac reference, and outputs angu- 
lar binary data in a continuously tracking mode, employing a 
Type 2 servo loop. The inputs may be from either remote 
synchros or from electrically simulated synchros (e.g., DSC’s). 


Digital Converter and Processor for Two-Speed Synchros 
(TSL1612) 

A two-speed processor takes as inputs two sets of digital infor- 
mation, representing the angles from coarse and fine synchros, 
and combines them to produce a single 19-bit word represent- 
ing the actual angle of the “coarse’’ shaft. The TSL consists of 
the processing logic alone—it can be used with a pair of SDC’s, 
which provide the two sets of digital information. 


ANALOG 
DEVICES 


12 and 14 Bit Hybrid Synchro / 
Resolver to Digital Converters 


FEATURES 

Internal Isolating Transformers 

14-Bit or 12-Bit Resolution 

Three Accuracy Options 

Three-State Latched Output 

Continuous Tracking - Even During Data Transfer 
Simple Data Transfer 

Laser Trimmed — No External Adjustments 

MIL Spec/Hi Rel Options Available 

Hermetically Sealed 


APPLICATIONS 
Avionic Systems 
Servo Mechanisms 
Coordinate Conversion 
_ Axis Transformation 
Antenna Monitoring 
Artillery Fire Control Systems 
Engine Controllers 


GENERAL DESCRIPTION 


The SDC1740, SDC1741 and SDC1742 are hybrid, continuous 


tracking synchro or resolver to digital converters which employ 
a type 2 servo loop and contain three-state latches on the 
digital outputs. 


The input signals can either be 3 wire synchro plus reference 
or 4 wire resolver format plus reference depending on the 
option; and the outputs are presented in TTL compatible 
parallel natural binary buffered by three-state latches. 


The three state output facility, which has separate ENABLE 
inputs for the most significant 8 bits and the least significant 
4 bits (or-6 bits in the case of the SDC1740), not only simpli- 
fies multiplexing of more than one device onto a single data 
bus, but also enables the INHIBIT to be used without opening 
the internal converter loop. 


An outstanding feature of these converters is that although the 
profile height is only 0.28 inches (7.1mm) they contain inter- 
nal transformers which provide for true isolation on the signal 
and reference inputs. 


The converters are hermetically sealed in a metal 32-pin dual 

in line package. 

To ensure a level of reliability consistent with the performance, 
each converter receives a stringent pre-cap visual inspection, 
high temperature storage and temperature cycling, fine and 
gross leak testing, acceleration testing and operating burn-in. 


The converters are also available processed in accordance with 
MIL-STD-883, Method 5008, Class B. 
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MODELS AVAILABLE 


_ The three synchro/resolver to digital converters described in 


this data sheet differ primarily in the areas of resolution, 
accuracy and dynamic performance as follows: 


Model SDC1740XYZ is a 14-bit converter with an overall — 
accuracy of +4 arc-minutes and a resolution of 1.3 arc- 
minutes. 

Model SDC1741 XYZ is a 12-bit converter with an accuracy 
of 15.3 arc-minutes and a resolution of 5.3 arc-minutes. 
Model SDC1742XYZ is a 12-bit converter with an accuracy of 
+8.5 arc-minutes and a resolution of 5.3 arc-minutes. 


The XYZ code defines the option as follows: (X) signifies the 
operating temperature range, (Y) signifies the reference fre- 
quency, (Z) signifies the signal and reference voltage and 
whether it will accept synchro or resolver format. 


More information about the option code is given under the 
heading of ‘‘Ordering Information”. 
THEORY OF OPERATION 
If the unit is a Synchro to Digital Converter the 3 wire synchro 
output will be connected to $1, S2 and S3 on the unit and the 
Scott T transformer pair will convert these signals into resolver 
format. 

i.e., Vy =K Eo Sin wt Sin 0 

V> = K Eg Sin wt Cos 0 

Where 6 is the angle of the synchro shaft. 


\ 
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SPEC | F | CATI 0 N S (typical @ +25°C unless otherwise specified) 


Models SDC/RDC1742 SDC/RDC1741 © SDC/RDC1740 
ACCURACY! | 

(Max Error on all Options) +8.5 arc-minutes +15.3 arc-minutes +4 arc-minutes 
RESOLUTION a 12 Bits (1 LSB = 5.3 arc-minutes) * 14 Bits (1LSB = 1.3 arc-minutes) 
OUTPUT 12 Bits Parallel Natural Binary 14 Bits Parallel Natural Binary 
SIGNAL AND REFERENCE | 
FREQUENCY 400Hz or 2.6kHz * bi 
SIGNAL VOLTAGE (Line to Line) —90V,, 26V or 11.8V rms t - 
SIGNAL IMPEDANCE 

90 Volt Signal 200kQ2Q (Resistive) * . 

26V Signal 57.7kQ (Resistive) . * 

11.8V Volt Signal 26kQQ (Resistive) mn * 
REFERENCE VOLTAGE 115V, 26V or 11.8V rms * = 
REFERENCE IMPEDANCE | 

115 Volt Reference 120kQ (Resistive) : . * 

26 Volt Reference 27kQ (Resistive) . * 

11.8 Volt Reference 12.3kQ2Q (Resistive) . * 
TRANSFORMER ISOLATION 350V dc : * 
TRACKING RATE (Minimum) 18 Revolutions Per Second - 12 Revolutions Per Second 
ACCELERATION 

ConstantK, 66,000/sec” : 36,000/sec? 


STEP RESPONSE (179° Step for 


Settling to 1LSB of Error) 150ms * f 
POWER LINES 
+15V 19mA (typ) 23mA (max) . 23mA (typ) 30mA (max) 
-15V 19mA (typ) 23mA (max) . 23mA (typ) 30mA (max) 
+5V | 45mA (typ) 110mA (max) . ~ 150mA (typ) 180mA (max) 
POWER DISSIPATION 0.8 Watts (typ) 1.3 Watts (max) : 1.44 Watts (typ) 1.8 Watts (max) 
Tee oe ee en re ca eee ee ee ee ee ee 
DATA LOGIC OUTPUTS 6TTL Loads ss + 
BUSY LOGIC OUTPUT LOADING? 2TTL Loads . . 
BUSY LOGIC OUTPUT WIDTH 3s (max) : * 
INHIBIT INPUT (TO INHIBIT) ~ Logic ‘‘0” 1TTL Load i ‘i 
ENABLE INPUTS (TO ENABLE)° _Logic “0” 1TTL Load . + 
TEMPERATURE RANGE 
Operating | -55°C to +125°C 2 % 
Storage -65°C to +150°C : * 
PACKAGE OPTION* | 
Hermetic DIP HY32B is : 
WEIGHT 0.8 ozs (23 G) = ‘3 


*Specifications the same as for SDC/RDC1742. 


NOTES 
"Specified over the appropriate operating temperature range and for: (a) +10% signal and reference amplitude 
variation; (b) 10% signal and reference harmonic distortion; (c) +5% power supply variation; and (d) +10% 
variation in reference frequency. 
? Schottky logic loading rules apply. 
3 ENABLE M enable most significant 8 bits. 
- ENABLE L enable least significant 4 bits (or 6 bits for the SDC/RDC1740). 
“See Section 20 for package outline information. 


Specifications subject to change without notice. 
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If the unit is a Resolver to Digital Converter, the 4 wire re- 
solver output will be connected to S1, $2, $3 and S4 on the 
unit and the transformers will act purely as isolators. 


To understand the conversion process, assume that the current 
word state of the up-down counter is @. 


Then V, is multiplied by Cos ¢ and V2 is multiplied by Sin ¢ 
to give: 
K Eo Sin wt Sin 6 Cos ¢ 
and 
K Eo Sin wt Cos @ Sin @ 
These signals are subtracted by the error amplifier to give: 


K Eo Sin wt (Sin 6 Cos ¢ - Cos @ Sin ¢) 
or 
K Eo Sin wt Sin (6 - ¢) 
A phase sensitive detector, integrator and voltage controlled 
oscillator (VCO) form a closed loop system which seeks to null 


Sin (6 - ¢). 
When this is accomplished, the word state of the up-down 


counter (@) equals, within the rated. accuracy of the converter, 
the synchro shaft angle 0. | 


Assuming that the “INHIBIT” is at a logic high state, then the 
digital word @ will be strobed into the latches 1s after the up- 
down counter has been updated. If the three state “ENABLE” 
is at a logic low, then the digital output word will be presented 
to the output pins of the unit. 
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Functional Diagram of the SDC/RDC1740, SDC/RDC1741 
and the SDC/RDC1742 


DATA TRANSFER 
Data transfer from the converters is straightforward. 


Consider the timing sequence shown in the timing diagram 
which assumes that the input to the converter is changing. 


From this diagram, it can be seen that there are two ways to 
transfer data. 


One method is to detect the state of the BUSY signal, which 
_is high for up to 2.0 microseconds (typical) while the up- 
down counters and latches are settling, and transfer data 
when it is in a low state. 


An alternative method is to use the “INHIBIT” input. As can 
be seen from the functional diagram, application of the 
“INHIBIT” prevents the two monostables being triggered and 
consequently the latches being updated. Therefore, it follows 
that data will always be valid after 3us has elapsed from the 
application of the INHIBIT (i.e. taken to logic low). It can also 


ve seen that this method of data transfer is valid regardless of 
when the INHIBIT is applied. 


The three-state ENABLE can be used at any time in order to 
present the data in the latches to the output pins. ENABLE M 
enables the most significant 8 bits while ENABLE L enables 
the least significant 4 bits (6 bits in the SDC/RDC1740). 


Note that the operation of the internal converter loop cannot | 
be affected in any way by the logic state present on the 
INHIBIT and ENABLE pins. 


DISTANCE DEPENDS ON 
—=——— VELOCITY OF INPUT ——— 


VCO OUTPUT ROTATION 
(POINT “A” P DOWN 
ON DIAGRAM) | -- BGUNTER | | 
UPDATED 
ee 115 | 
LATCHCLOCK ! | 
(POINT “B” LATCHES 
ON DIAGRAM) UPDATED 
_ASSUMING 1 3us (MAX) i 
INHIBIT = 71 Lg ae | 


“BUSY” | | | | 


DATA — 
VALID 
(HIGH STATE) 


Timing Diagram 


Bit Number Weight in Degrees 
1 (MSB) 180.0000° 
2 90.0000 
3 45.0000 
4 22.5000 
5 11.2500 
6 5.6250 
7 2.8125 
8 1.4063 
9 0.7031 

10 0.3516 

11 0.1758 

12 (LSB) For 1741/1742 0.0879 

13 0.0439 

14 (LSB For 1740 0.0220 


Bit Weight Table 


CONNECTING THE CONVERTER | 
The electrical connections to the converter are straightforward. 
The power lines, which must not be reversed, should be con- 
nected to the “+15V”, “-15V” and ‘“+5V”’ pins with the com- 
mon connection to the ground pin “GND”. It is suggested that 
a parallel combination of a 0.1yF and a 6.8uF capacitor is 
placed in each of the three positions from “+15V” to “GND”, 
from ‘“‘-15V” to “GND” and from ‘‘+5V” to “GND”. 


The pin marked ‘‘case” is connected electrically to the case 
and should be taken to a convenient zero volt potential in 
the system. 


The digital output is taken from Pin “1” through to “12” for 
the SDC/RDC1742 and SDC/RDC1741 and “1” through to 
“14” for the SDC/RDC1740, where Pin ‘‘1”’ is the MSB. 


The reference connections are made to “Ry” and “Ryo”. 


In the case of a Synchro, the signals are connected to “‘S1”’, 
“$2” and “‘S3”’ according to the following convention: 

Es; -s3 = ErRLo - RHI Sin wt Sin 6 

Es3 -s2 = ERLO- RHI Sin wt Sin (9 + 120°) 

Es2 —-s1 = ERLO —- RH] Sin wt Sin (0 + 240°) 


For a resolver, the signals are connected to ‘‘S1”’, ‘*S2”’, ‘*S3” 
and ‘‘S4”’ according to the following convention: 
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Esi - $3 = ERLO - RHI Sin wot Sin 6 
Es2 -s4 = Ero - RLO Sin wt Cos 6 


The “BUSY”, “INHIBIT” and “ENABLE” pins should be con- 
nected as described under the heading ‘“‘Data Transfer’”’. 
RESISTIVE SCALING OF INPUTS 

A feature of these converters is that the signal and reference - 
inputs can be resistively scaled to accommodate any range of 
input signal and reference voltages. 

This means that a standard converter can be used with a per- 


sonality card in systems where a wide range of input and ref- 
erence voltages are encountered. 


To calculate the values of the external scaling resistors in the 
case of a Synchro Converter, add 1.11k{2 per extra volt of 
signal in series with ‘‘S1”, “S2” and ‘‘S3”’, and 1k{2 per extra 
volt of reference in series with “Ryy”’. 


In the case of a Resolver to Digital Converter, add 2.22kQ2 in 
series with ‘‘S1” and ‘‘S2”’ per extra volt of signal and 1kQ per 
extra volt of reference in series with ““Ryy”’. 

MEAN TIME BETWEEN FAILURES (MTBF) 

The reliability of these products is very high due to the exten- 
sive use of custom chip circuitry. For details of MTBF figures 
under particular conditions please consult the factory. 


ORDERING INFORMATION 


When ordering, the converter part numbers should be suffixed by an option code in order to fully define them. All the standard 
options and their option codes are shown below. For options not shown, please consult the factory. 


SDC 1740 X Y Z 


——<$< 


SDC = Synchro to Digital Converter 
RDC = Resolver to Digital Converter 


1740 = 14-bit resolution, +4 arc-min accuracy 
1741 = 12-bit resolution, 15.3 arc-min accuracy 
1742 = 12-bit resolution, +8.5 arc-min accuracy 


Z=1 Signal 11.8V_ Reference 26V Synchro: 
Z=2 Signal 90V_ Reference 115V Synchro 
-Z=3 Signal 11.8V_ Reference 11.8V_ Resolver 
Z=4 Signal 26V_ Reference 26V_ Resolver 
Z=8 Signal 11.8V_ Reference 26V_ Resolver 


Y=1 400Hz Reference Frequency 
Y=4 2.6kHz Reference Frequency 


X=4 -55°Cto +125 °C Operating Temperature Range 
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Selection Guide 
Sample/Track-Hold Amplifiers 


Vol I VolII 
Page Page 

1. GENERAL PURPOSE 
Model Acquisition Time Characteristics 
AD583K 4us to +0.1% (C = 50pF) Aperture time 50ns, 10pC charge transfer 14-13 — 
AD582K/S = 6us to 0.1% (C= 100pF) Aperture time 150ns, nonlinearity 0.01%, low cost 14-9 = 
2. HIGH SPEED 
Model Acquisition Time Characteristics 
AD346 2us to +0.01% Aperture time 60ns, low droop 0.5mV/us 14-7 — 
ADSHC-85 = 4..5uts to 0.01% Aperture time 25ns, low droop 0.2mV/ps 14-17 = 
3. VERY HIGH SPEED 
Model Acquisition Time Characteristics 
HTS-0025 20ns to 1% Aperture jitter 20ps, 0.01% nonlinearity 14-23 — 
THS-0025 20ns to 1% Aperture jitter 20ps, 0.01% nonlinearity - 14-15 
THS-0060 75ns to 1% Aperture jitter 20ps, 0.01% nonlinearity — 14-15 
THS-0225 300ns to 1% Aperture jitter 20ps, 0.01% nonlinearity — 14-15 
HTC-0300 100ns to 0.1% Aperture jitter 100ps, max, 0.01% nonlinearity 14-23 = 
THC-0300 100ns to 0.1% Aperture jitter 100ps, max, 0.01% nonlinearity — 14-15 
THC-0750 300ns to 0.1% Aperture jitter 100ps, max, 0.01% nonlinearity — 14-15 
THC-1500 1000ns to 0.1% Aperture jitter 100ps, max, 0.01% nonlinearity — 14-15 
ADSHM-5 350ns to 0.01% Low droop 20uV/us, 0.005% nonlinearity 14-21 14-7 
ADSHM-5K  250ns to 0.01% Low droop 12uV/us, 0.005% nonlinearity 14-21 14-7 
4. HIGH RESOLUTION 
Model Acquisition Time Characteristics 
SHA1144 8us max to 0.003% Aperture jitter 500ps, gain nonlinearity +0.001% 14-29 14-11 
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Orientation 
Sample/Track-Hold Amplifiers 


The principal application for sample/track-hold amplifiers is to 
maintain an analog-to-digital converter’s input constant during 
conversion, at a value representing the analog input as of a cer- 
tain precisely known time. The characteristics of the SHA are 
crucial to system accuracy and the reliability of the digital 
data, especially in 12-bit and/or high-throughput-rate 
applications. 


A sample/track-hold amplifier (s/h or SHA), as its name indi- 
cates, has two modes of operation, programmed by a digital 
control-input. In the track— or sample—mode, the output 
follows the input, usually with a gain of +1. When the mode- 
input switches to old, the output of the SHA ideally retains 
the last value it had when the command to hold was given, 
and it retains that value until the logic input dictates track 
(sample), at which time the output ideally jumps to the input 
value and follows the input until the next bold command is 
given. 


Analog Devices track-holds and sample-holds are functionally 
identical; they are designed to acquire input signals for either 
immediate hold or for a possibly extended period of tracking. 
They should not be confused with ac devices termed ‘“‘sample- 
hold’’ that can only obtain quick samples and cannot track the 
input continuously. 


SHA CIRCUITRY AND HARDWARE 

A sample-hold amplifier usually consists of a storage capacitor, 
input- and output buffer-amplifiers, and a switch and its drive- 
‘circuitry. During sample, the circuit is connected to promote 
rapid charging of the capacitor. During bold, the capacitor is 
disconnected from its charging source and—ideally— retains 
its charge. The figure below shows a typical feedback con- 
figuration (AD583): the input buffer is a high-gain differ- 
ential amplifier with a current output that charges the capaci- 
tor through the logic-controlled switch. The capacitor is 
unloaded by a unity-gain buffer-follower. The output is fed 
back to the negative input (as in an op-amp follower con- 
figuration), and thus, in sample, the charge on the capacitor 

is compelled to follow the input. In bold, the input amplifier 
no longer drives the capacitor; it retains its charge, unloaded 
by the output follower. In another popular configuration, the 
capacitor is used as the feedback element of an inside-the-loop 
integrator (AD582, SHA1144, HTC-0300). The highest-speed 
devices (HTS-0025) usually run open-loop. 


HIGH GAIN 
AMPLIFIER 


(Qn rseernnenieRrRINRSEERE: 
MODE CONTROL 
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Since drive current is finite, and leakage current in bold is not 
zero, the capacitance—if large—limits the slewing rate in sam- 
ple and—if small—converts leakage current to “droop” in 

bold. In s/h bybrids, the capacitance is usually fixed, and the 
properties of the complete device are optimized for one con- 
dition— and so specified. In s/h monolithic ICs, the capacitor 
is omitted, and furnished by the user (both for flexibility and 
because good capacitors for this purpose are hard to integrate). 
The optimum capacitance can be selected for the specific appli- 
cation. Design curves of performance vs. capacitance, given on 
the IC data sheets (AD582 and AD583) facilitate this process. 
In some types, the gain connections are external, like those of 
an op amp (AD582, AD583, SHA1144), permitting gains 
other than +1. 


PERFORMANCE 

In the sample mode, it is useful to consider that a SHA’s per- 
formance can be characterized by specifications similar to 
those of a closed-loop operational amplifier (offset, drift, 
nonlinearity, gain error, bias current, etc.), but with somewhat 
slower response (gain-bandwidth, slewing rate, settling time) 
because of the need to charge the storage capacitor. 


However, during the sample-to-hold, bold, and bold-to-sample 
states, the dynamic nature of the mode-switching introduces a 
number of specifications that are peculiar to SHAs. The most- 
important of these are defined below and illustrated in the 
adjoining figure. They include the aperture time and its uncer- 
tainty, the sample-to-hold step, feedthrough and droop (in 
hold), and acquisition time. 


[rors a Ni amet 
! a 
| 


~ 


HOLD/SAMPLE DELAY 


SLEW RATE 
LIMITED 


Cee ee ee ee ee oe 


APERTURE TIME 


ACQUISITION 
TIME 


HOLD 


SAMPLE LOGIC INPUT SAMPLE 


DEFINITIONS 

Acquisition Time is the time required by the output of the 
device to reach its final value, within a specified error band, 
after the sample command has been given. Included are 
switch-delay time, the slewing interval, and settling time for 
a specified output-voltage change. 


Aperture (Delay) Time is the time required after the bold com- 
mand for the switch to open fully. The sample is, in effect, 
delayed by this interval, and the bold command would have to 
be advanced by this amount for precise timing. 


Aperture Uncertainty—or Aperture (Delay) Jitter—is the range 
of variation in the aperture time. If the aperture time is ‘‘tuned 
out”’ by advancing the bold command a suitable amount, this 
spec establishes the ultimate timing error, hence, the max- 
imum sampling frequency to a given resolution. 


Charge Transfer (or offset step), the principal component of 
sample-to-hold offset (or pedestal), is the charge transferred 
to the storage capacitor via stray capacitance when switching 
to the bold mode. It can sometimes be reduced by lightly 
coupling an appropriate-polarity version of the bold signal to 
the capacitor for cancellation. The associated voltage error 
(AQ/C) can be reduced by using greater capacitance for storage; 
but this increases response time. ° 


Droop is the change of the output voltage during hold as a 
result of leakage or bias currents flowing through the storage 
capacitor. Its polarity depends on the sources of leakage 
current within a given device. In ICs, it is specified as a (droop 
or drift) current, in modules, a dV/dt. (Note: I = CdV/dt.) 


Feedthrough is the fraction of the input signal variation or ac 
input waveform that appears at the output in bold. It is caused 
by stray capacitive coupling from the input to the storage ca- 
pacitor, principally across the open switch. 


Sample-to-Hold Offset, a shift in level between the last value in 
sample and the value settled-to in hold, is the residual step er- 
ror after the charge transfer is accounted for and/or cancelled. 
Since it is unpredictable in magnitude and may be a function 
of the signal, it is also known as offset nonlinearity. 
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ANALOG =——SsS_=s*Rgth Speed 
DEVICES | Sample and Hold Amplifier 


FEATURES AD346 FUNCTIONAL BLOCK DIAGRAM 
Fast 2.0us Acquisition Time to +0.01% | SUMMING PT : 


Low Droop Rate: 0.5mV/ms (12) 
Low Glitch: <40mV BNET: 
Aperture Jitter: 400ps 
Military Temperature Range: —55°C to + 125°C }unarreR | | 
Internal Hold Capacitor +15V (11) jenna OUTPUT 
w@ ea 
Locic (1) aie “- 


COMP. 
LOGIC GND (4) NETWORK 


@) mage 
PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS | 
The AD346 is a high speed (2s to 0.01%), adjustment free 1. The AD346 is an improved second source for other sample 
sample and hold amplifier designed for high throughput rate and holds of the same pin configuration. 
data acquisition applications. The fast acquisition time (2s to 2. The AD346 provides separate analog and digital grounds, 


0.01%) and low aperture jitter (400ps) make it suitable for use 


: ee thus improving the device’s immunity to ground and switching 
with fast A/D converters to digitize signals up to 97kHz. 


transients. 
The AD346 is complete with an internal hold capacitor and it 
incorporates a compensation network which minimizes the sample 
to hold charge offset. The AD346 is also laser trimmed to eliminate 
the need for external trimming potentiometers. 


3. The droop rate is only 0.5mV/ms so that it may be used in 
slower high accuracy systems without the loss of accuracy. 


4. The fast acquisition time and low aperture make it suitable 


. ir for very high speed data acquisition systems. 
Typical applications for the AD346 include sampled data systems, 


D/A deglitchers, peak hold functions, strobed measurement PIN CONFIGURATIONS 
systems and simultaneous sampling converter systems. 


The device is available in two versions: the “J” specified for DIGITAL INPUT |_1} © - 15V 

operation over the 0 to +70°C commercial temperature range Nic [| 2 [13] ANALOG INPUT 

and the “‘S” specified over the full military temperature range, Nic (3) [12] SUMMING PT : 
—55°C to +125°C with processing to MIL-STD-883, Level B | DIGITAL GND | 4 | [11] +15v 

screening available. Nic LS | |10 J} NIC 


ANALOG GND | 6 | | 9 | OFFSET ADJ 


“OFFSET ADJ | 8 | ANALOG OUTPUT 


PIN OUT 
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S$ P E C F CATI 0 N S (typical @ + 25°C, V, = + 15V unless otherwise noted) 


Model dona ld AD346SD Units 
ANALOG INPUT 
Voltage Range +10.0 Volts 
Input Impedance 3.0 kQ 
-DIGITALINPUT 
“0” Input Threshold Voltage (Hold) + 0.8 max * Volts 
“1”? Input Threshold Voltage (Sample) 2.0 min . Volts 
“0” Input Current 50.0 ~ pA 
“1” Input Current 1.0 * pA 
TRANSFER CHARACTERISTICS 
Gain —1.0 >. 
Gain Error + 0.02 max (+ 0.01 typ) x % FSR 
Gain Error, Tynin— Tmax + 0.05 max (+ 0.03 typ) * % FSR 
Offset Voltage + 3 max(+ | typ) = mV 
Offset Voltage, T min- T max + 20 max (+ 6 typ) * mV 
Pedestal +4max(+2typ) * mV 
Pedestal, Tinin— Vmax +20 max(+ 8 typ) + 20 max (+ 10 typ) mV 
Droop Rate 0.5 max (0.1 typ) * mV/s 
Droop Rate, Tmnin- Tmax 60 max (20 typ) 700 max (200 typ) mV/s 
DYNAMIC CHARACTERISTICS 
Full Power Bandwidth 
Vout = +10V, —3dB 1.4 MHz 
Output Slew Rate 50° V/s 
Acquisition Time 
To +0.01% 10V Step 2.0 max (1.0 typ) ~ LS 
To +0.01% 20V Step 2.5 max (1.6 typ) = WLS 
Aperture Delay 60 max (30 typ) x ns 
Settling Time 
Sample Mode (10V Step) 2.0 max (1.0 typ) WLS 
Sample to Hold 500 max (150 typ) ns 
Feedthrough (Hold Mode) 
at lkHz 0.02 max (0.005 typ) x %FSR 
Transient Peak Amplitude 
Sample/Hold/Sample 40 = mV 
ANALOG OUTPUT 
Output Voltage Swing! + 10.0 min Volts 
Output Current 3.0 mA 
POWER REQUIREMENTS 
Operating Voltage Range +12to +18 = Volts 
Supply Current 
+V 18 max (9 typ) x mA 
—-V — 10 max(— 3 typ) * mA 
Power Supply Rejection Ratio 100 , wV/V 
Power Consumption 500 max (200 typ) x mW 
PACKAGE OPTION? 
14 Pin DIP HY14C . 


‘Maximum output swing is 4V less than + Vs. 
See Section 20 for package outline information. 
*Specifications same as AD346JD. 
Specifications subject to change without notice. 
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ANALOG 
DEVICES 


FEATURES 

Low Cost | 

Suitable for 12-Bit Applications 

High Sample/Hold Current Ratio: 10” 

Low Acquisition Time: 6us to 0.1% 

Low, Charge Transfer: < 2pC 

High Input Impedance in Sample and Hold Modes 
Connect in Any Op Amp Configuration 
Differential Logic Inputs 


Low Cost 
Sample /Hold Amplifier 


— ADS82 


AD582 PIN CONFIGURATION AND 
FUNCTIONAL BLOCK DIAGRAM 


LOGIC LOGIC 


NC NC IN + IN - -IN| OUTPUT 


tVs 


+IN NC NULL NULL -Vg Cy NC 
10-PIN TO-100 14-PIN TO-116 
TOP VIEW ‘TOP VIEW 


PRODUCT DESCRIPTION 

The AD582 is a low cost integrated circuit sample and hold 
amplifier consisting of a high performance operational ampli- 
fier, a low leakage analog switch and a JFET integrating ampli- 
fier — all fabricated on a single monolithic chip. An external 
holding capacitor, connected to the device, completes the sam- 
ple and hold function. 


With the analog switch closed, the AD582 functions like a stan- 
dard op amp; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open, the capacitor holds the output at its last level, 
regardless of input voltage. 


Typical applications for the AD582 include sampled data sys- 
tems, D/A deglitchers, analog de-multiplexers, auto null systems, 
strobed measurement systems and A/D speed enhancement. 


The device is available in two versions: the ‘“‘K”’ specified for 
operation over the 0 to +70 °C commercial temperature range 
and the ‘‘S”’ specified over the full military temperature range, 
-55°C to +125°C with processing to MIL-STD-883, Class B 
available. All versions may be obtained in either the hermeti- 
cally sealed, TO-100 can or the TO-116 DIP. 


PRODUCT HIGHLIGHTS 

1. The monolithic AD582 is the lowest cost sample and hold 
amplifier available. Until recently, quality sample and hold 
circuits could only be fabricated with costly discrete or 
hybrid components. 


2. The specially designed input stage presents a high impedance 
to the signal source in both sample and hold modes (up to 
+12V). Even with signal levels up to Vs, no undesirable . 
signal inversion, peaking or loss of hold voltage occurs. 


3. The AD582 may be connected in any standard op amp con- 
figuration to control gain or frequency response and provide 
signal inversion, etc. 


4. The AD582 offers a high, sample-to-hold current ratio: 107 


The ratio of the available charging current to the holding 
leakage current is often used as a figure of merit for a sam- 
ple and hold circuit. 


5. The AD582 has a typical charge transfer less than 2pC. A 
low charge transfer produces less offset error and permits 
the use of smaller hold capacitors for faster signal acquisition. 


6. The AD582 provides separate analog and digital grounds, 
thus improving the device’s immunity to ground and switch- 
ing transients. 
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SPECIFICATIONS (typical oe C, Vs = + 15V and Cy = 1000pF, A = +1 unless otherwise specified) 


foe. | 


AD582S 
MODEL ADS582K (AD582S/883 B) 
SAMPLE/HOLD CHARACTERISTICS 
Acquisition Time, 10V Step to 0.1%, 
Cy = 100pF 6us . 
Acquisition Time, 10V Step to 0.01%, 
Cy = 1000pF 25us . 
Aperture Time, 20V p-p Input, 
Hold 0V 150ns . 
Aperture Jitter, 20V p-p Input, 
Hold 0V 15ns . 
Settling Time, 20V p-p Input, 
Hold OV, to 0.01% 0.5ys bd 
Droop Current, Steady State, +10Voyt 100pA max ° 
Droop Current, Trin £0 Tenax InA 150nA max 
Charge Transfer 5pC max (1.5pC typ) . 
Sample to Hold Offset 0.5mV = 
Feedthrough Capacitance 
20V p-p, 10kHz Input 0.05pF . 
TRANSFER CHARACTERISTICS 
~ Open Loop Gain 
Vout = 20V p-p, Ry = 2k 25k min (50k typ) . 
Common Mode Rejection 
Vom = 20V p-p, F = 50Hz 60dB min (70dB typ) i 
Small Signal Gain Bandwidth 
VouT = 100mV P-p, Cy = 200pF 1.5MHz 7 
Full Power Bandwidth 
Vout = 20V Pp, Cy = 200pF - 70kHz : 
Slew Rate 
Vout = 20V p-p, Cy = 200pF 3V/us ° 
Output Resistance 
Hold Mode, Igyt = +5mA 122 . 
Linearity 
Vout = 20V P-p, RL.= 2k +0.01% . 
Ourcput Short Circuit Current +25mA 2 
ANALOG INPUT CHARACTERISTICS 
Offset Voltage 6mV max (2mV typ) x 
Offset Voltage, T,,., to Tay 4mV 8mV max (SmV typ) 
Bias Current . 3A max (1.5uNA typ) * 
Offset Current 300nA max (75nA typ) > 
Offset Current, T,,2, tO Trax 100nA 400nA max (100nA typ) ° 
Input Capacitance, f = 1MHz 2pF - ‘ 
Input Resistance, Sample or Hold 
20V p-p Input, A = +1 30M2. . 
Absolute Max Diff Input Voltage 30V id 
Absolute Max Input Voltage, Either Input tVs 2 
DIGITAL INPUT CHARACTERISTICS 
+Logic Input Voltage 
Hold Mode, T,,,5, tO Trax» “Logic @ OV +2V min * 
Sample Mode, T,,;, to T,,,,, “Logic @ OV +0.8V max * 
+Logic Input Current 
Hold Mode, +Logic @ +5V, -Logic @ OV 1.5uA . 
Sample Mode, +Logic @ OV, -Logic @ OV inA . 
-Logic Input Current 
Hold Mode, +Logic @ +5V, -Logic @ OV 24uUA * 
Sample Mode, +Logic @ OV, -Logic @ OV 4uA * 
Absolute Max Diff Input Voltage, +L to -L +15V/-6V * 
Absolute Max Input Voltage, Either Input tVs . 
POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range t9V to 118V t9V to $22V 
Supply Current, Ry = © 4.5mA max (3mA typ) * 
Power Supply Rejection, 
AVsg = 5V, Sample Mode (see next page) 60dB min (75dB typ) 4 
TEMPERATURE RANGE 
Specified Performance 0 to +70°C -55°C to +125°C 
Operating -25°C to +85°C -55°C to +125°C 
Storage -65°C to +150°C ‘ 
Lead Temperature (Soldering, 15 sec) +300°C be 
PACKAGE OPTION! 
“‘H”’ Package: TO-100 AD582KH AD582SH 
“D” Package: TO-116 Style (D14A) AD582KD AD582SD 


eee reer rre eee res eeeeeasrcee acer ansceeeec areca rere erences aE, 


"See Section 20 for package outline information. 
*Specifications same as AD582K. 
Specifications subject to change without notice, 
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‘ APPLYING THE AD582 

Both the inverting and non-inverting inputs are brought out to 
allow op amp type versatility in connecting and using the 
ADS582. Figure 1 shows the basic non-inverting unity gain con- 
nection requiring only an external hold capacitor and the usual 
power supply bypass capacitors. Arr offset null pot can be 
added for more critical applications. 


HOLD 
+ 


5V 


ov 
SAMPLE 


OPTIONAL 
Vos NULL 
L 


—_——_ eo 


Figure 1. Sample and Hold with A = +1 


Figure 2 shows a non-inverting configuration where voltage 
gain, Ay, is set by a pair of external resistors. Frequency shap- 
‘ing or non-linear networks can also be used for special applica- 
tions. 
HOLD 
+5V 


ov 
SAMPLE 


O 
Vout = £10V 
R, 2 2k 


OPTIONAL | 
Vos NULL 


Figure 2. Sample and Hold with A = (1 + Rg/R,) 


The hold capacitor, Cy, should be a high quality polystyrene 
(for temperatures below +85 °C) or Teflon type with low 
dielectric absorption. For high speed, limited accuracy applica- 
tions, capacitors as small as 100pF may be used. Larger values 


_are required for accuracies of 12 bits and above in order to 


minimize feedthrough, sample to hold offset and droop errors 
(see Figure 6). Care should be taken in the circuit layout to 
minimize coupling between the hold capacitor and the digital 
or signal inputs. 


In the hold mode, the output voltage will follow any change 
in the -Vs supply. Consequently, this supply should be well 
regulated and filtered. 


Biasing the +Logic Input anywhere between -6V to +0.8V with 
respect to the -Logic will set the sample mode. The hold mode 
will result from any bias between +2.0V and (+Vsg - 3V). The 
sample and hold modes will be controlled differentially with 
the absolute voltage at either logic input ranging from -Vg to 
within 3V of +Vs (Vg - 3V). Figure 3 illustrates some examples 
of the flexibility of this feature. 


+3V/+15V CMOS/MOS 
Oo 


+5V TTL/OTL 


Figure 3A. Standard Logic Connection 


+3V/+12V CMOS/MOS 


Figure 3B. Inverted Logic Sense Connection 


+15V HTL 


Figure 3C. High Threshold Logic Connection 


‘\ 
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DEFINITION OF TERMS a 16, 


Figure 4 illustrates various dynamic characteristics of the NUN TEE ET 
AD582. 14 N N 
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Figure 4, Pictorial Showing Various S/H Characteristics Figure 5. Maximum Freyienéy of Input Signal for 4LSB 


Aperture Time is the time required after the ‘“‘hold’”” command Ba ad 

until the switch is fully open and produces a delay in the effec- 

tive sample timing. Figure 5 is a plot giving the maximum fre- ON en i ee 
quency at which the AD582 can sample an input with a given 

accuracy (lower curve). 10,000 -— 


ACQUISITION TIME — us 
Aperture Jitter is the uncertainty in Aperture Time. If the 
Aperture Time is “tuned out” by advancing the sample-to-hold 


a ca a 
1,000 
ets ees 
: ; : DROOP RATE 

command 150ns with respect to the input signal, the Aperture ra a 

Jitter now determines the maximum sampling frequency (upper $00 ce ae ee 

curve of Figure 5). SE 

oe ee , ) 10 

Acquisition Time is the time required by the device to reach its = St Fact alee <a G8 RG 
a Se 

has been given. This includes switch delay time, slewing time as pt 


final value within a given error band after the sample command 
and settling time for a given output voltage change. “a Swe Pte 


10V INPUT ee mV 

Droop is the change in the output voltage from the ‘“‘held”’ 
value as a result of device leakage. In the AD582, droop can 0.01 Sr Tt 
be in either the positive or negative direction. Droop rate may ae aia a ee oer 
be calculated from droop current using the following formula: . 

AV (pA) Figure 6. Sample and Hold Performance as a Function of 

7, (Volts/sec) = —~—— Hold Capacitance 

aes Cy (pF) | 


(See also Figure 6.) 


+125 


Feedthrough is that component of the output which follows 

the input signal after the switch is open. As a percentage of the +105 
input, feedthrough is determined as the ratio of the feed- . 
through capacitance to the hold capacitance (Cp/Cy). +85 
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A 
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OPC TICCHIC 
Sample to Hold Offset is that component of D.C. offset inde- TU Ve TT TT 

15 


pendent of Cy (see Figure 6). This offset may be nulled using er 70? 10° 05 
a null pot, however, the offset will then appear during the DROOP CURRENT — pA 
sampling mode. 


Charge Transfer is the charge transferred to the holding capa- 
citor from the interelectrode capacitance of the switch when 
the unit is switched to the hold mode. The charge transfer gen- 
erates a sample-to-hold offset where: 
S/H Offset (V) = “2atBe (PC) 425 
Cy (pF) 


(See also Figure 6.) +5 


+65 


+45 


TEMPERATURE - °C 


Figure 7. Droop Current vs. Temperature 
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ANALOG IC Sample and Hold 
DEVICES a Gated Op Amp 
AD583 


FEATURES AD583 FUNCTIONAL BLOCK DIAGRAM 
High Sample-to-Hold Current Ratio: 10° | 
High Slew Rate: 5V/ys 

High Bandwidth: 2MHz 

Low Aperture Time: 50ns 


SAMPLE/HOLD 
CONTROL 


Low Charge Transfer: 10pC 13 GND 
DTL/TTL Compatible 
May Be Used as Gated Op Amp fea N.C. 
aay HOLD CAP 
M70] ne 
Lae 
CASE 
PRODUCT DESCRIPTION 
The AD583 is a monolithic sample and hold circuit consisting TO-116 


of a high performance operational amplifier in series with an 
ultra-low leakage analog switch and unity gain amplifier. An 
external holding capacitor, connected to the switch output, 

completes the sample-and-hold or track-and-hold function. 


OFFSET ADJ 
Layee 5 is 


peat ot at | 


With the analog switch closed, the AD583 functions like a stan- 
dard op amp; any feedback network may be connected around 
the device to control gain and frequency response. With the 
switch open the capacitor holds the output at its previous level. 


The AD583 may also be used as a versatile operational ampli- sme 
fier with a gated output for applications such as analog switches, 
peak holding circuits, etc. 


| el 
acme 


PRODUCT HIGHLIGHTS 
1. Sample-and-hold operation is obtained with the addition of 
one external capacitor. 


zz 
ri 


2. Low charge transfer (10pC) and high sample-to-hold current 


oie Schematic Diagram 
ratio insure accurate tracking. 


3. Any gain or frequency response is available using standard 
op amp feedback networks. 


4. High slew rate and low aperture time permit sampling of 
rapidly changing signals. 


5. Output, gated through a low leakage analog switch, also 
makes the AD583 useful for applications such as analog 
switches, peak holding circuits, etc. : 
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SPECIFICATIONS (typical @ +25°C and +15V de unless otherwise specified) 


MODEL 


AD583KD 


OPEN LOOP GAIN 


25k min (50k typ) 


OUTPUT VOLTAGE SWING +10V min 
Ry = 2kQ, Tmin to Tmax 
OUTPUT CURRENT +10mA min 
OUTPUT RESISTANCE 52 
OFFSET VOLTAGE 6mV max (3mV typ) 


8mV max (4mV typ) 


200nA max (50nA typ) 


Tmin tO Tmax 400nA max 
OFFSET CURRENT 50nA max (10nA typ) 
Tmin tO Tmax 100nA max 
INPUT RESISTANCE 5MQ min (10MQ2 typ) 
COMMON MODE RANGE +10V min 


Tmin tO Tmax 


74dB min (90dB typ) 


GAIN BANDWIDTH PRODUCT 2MHz 
SLEW RATE 5V/us 
Av = +1, Ry = 2k22, Cy = SOpF, 
Vout = $10V p-p 
RISE TIME 100ns 
Av = +1, Ry = 2kQ22, Cy = 5O0pF, 
Vout = 400mV p-p 
OVERSHOOT 20% 


Av = +1, Ry = 2k22, Cy, = 5OpF, 
Vout = 400mV p-p 
DIGITAL INPUT CURRENT 
Vin = 9, Tmin tO Tmax 
Vin = +5.0V, Tmin tO Tmax 


DIGITAL INPUT VOLTAGE 


0.8mA max (Logic “Sample”’) 
20uA max (Logic “Hold’’) 


Low Tmin tO Tmax 0.8V max 
High Tin to Tmax 2.0V min 
ACQUISITION TIME 
Av = +1, Ry, = 2kQ, Cy = 5OpF 
to 0.1% of final value: 4us 
to 0.01% of final value: Sus 
APERTURE TIME 50ns 
APERTURE JITTER 5ns 
DRIFT CURRENT SOpA max (5pA typ) 


Tmin tO Tmax 


1.0nA max (0.05nA typ) 


CHARGE TRANSFER 


20pC max (10pC typ) 


5.0mA max (2.5mA typ) 
74dB min (90dB typ) 


OPERATING TEMP 
STORAGE TEMP 


PACKAGE STYLE': TO-116 Style 


0 to +70°C 
65°C to +150°C 


(D14A) 


Specifications subject to change without notice, 
1See Section 20 for package outline information. 
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ABSOLUTE MAXIMUM RATINGS 
Voltage between V+ and V- Terminals 40V 


Differential Input Voltage 
Digital Voltage (Pin 14) 
Output Current 

Internal Power Dissipation 


+30V 
+8V,-15V 


-Short Circuit Protected 


30mW (Derate power 
dissipation by 4,3mW/°C 
above +150°C ambient 
temperature) 


APPLYING THE AD583 
Figure 1 shows the AD583 connected in a simple sample and 


hold configuration with unity gain and offset nulling. Any other 


standard op amp gain and frequency response configuration 
may also be used. Note that the holding capacitor, Cy, should 
have extremely high insulation resistance and low dielectric 
absorption. Polystyrene (below +85 C), teflon or Mica types 
are recommended. 


CONTROL 


Figure 1. Basic Track-and-Hold/Sample-and-Hold 


Figure 2 shows the guard ring used to reduce leakage paths be- 


tween the pc board and the package. This minimizes drift during 


the hold command. 
CONTROL 


GND 
—-Ar- 
T LON! IN (-) 
woe | 
HOLDING “CAPACITOR| = — | ON IN+ 


FEA, © 


SS 
NANNIN MN 


(BOTTOM VIEW) 


OUT 


Sree 


Figure 2. Guard Ring Layout 


Also note that the input amplifier of the AD583 may be used 
as a gated amplifier by utilizing Pin 11 as the output. This 
amplifier has excellent drive capabilities along with exception- 
ally low switch leakage. 


Figure 3. Automatic Offset Zeroing 


The circuit of Figure 3 illustrates how the AD583 may be used to 


automatically zero a high gain amplifier. Basically, the input is 
periodically grounded and the output offset is then sampled 
and fed back to cancel the error. This technique is useful in 
A/D conversion, instrumentation, DVM’s to eliminate offset 
drift errors by periodically rezeroing the system. 


Care should be taken to assure that the zeroing loop is dynamic- 


ally stable. A second sample-and-hold could be added in series 
with the output to remove the output discontinuity. 


DEFINITION OF TERMS 

Acquisition Time: 

Acquisition Time is the time required by the device to reach 
its final value within +0.1% after the sample command has 
been given. This includes switch delay time, slewing time, and 
settling time and is the minimum sample time required to ob- 
tain a given accuracy. 

Charge Transfer: 

Charge Transfer is the small charge transferred to the holding 
capacitor from the interelectrode capacitance of the switch 
when the unit is switched to the sample mode. Sample-to-hold 
offset error is directly proportional to this charge, where: 


Charge (pC) 
Cy (pF) 


Offset Error (V) = 


Aperture Time: 


The time required after the “hold” command until the switch 
is fully open. This delays the effective sample timing with 
rapidly changing input signals. 

Drift Current: 

Leakage currents from the holding capacitor during the hold 
mode cause the output voltage to drift. Drift rate (or droop 
rate) is calculated from drift current values using the formula: 


AV _ (pA) 
AT (Volts/sec) = Cu (pF) 
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Performance Curves 


VoyppLy = 215V de, Ta = +25°C, Cy = 1,000pF unless otherwise specified 


LEW RATE/ 
HARGE RATE; 
VOLTS/ 


1,000pF 0.01uF 


Cy VALUE 


Typical Sample-and-Hold Performance 
as a Function of Holding Capacitance 


DRIFT CURRENT VS. TEMPERATURE 


DRIFT CURRENT — pA 


TEMPERATURE — °C 


Drift Current vs. Temperature 
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ANALOG 
DEVICES 


Fast 0.01% 


Track /Sample-Hold Amplifiers 


ADSHC—85 


FEATURES 

Improved SHC-85 Replacement 
500ns Sample-to-Hold Transient 
50nV rms Noise 

Low Droop Rate of 0.2mV/ms 


APPLICATIONS 

Data Acquisition Systems 

Data Distribution Systems 
Analog Delay and Storage 
Peak Amplitude Measurements 


GENERAL DESCRIPTION . 
The ADSHC-85 Sample/Hold amplifier combines fast acquisition 
time and linear performance with low cost to provide an economical 
solution for a variety of applications. 


The unit is an improved second source for the SHC-85, featuring 
faster sample-to-hold settling, and lower noise. It is pin-for-pin 
compatible with other 14-pin DIP packages of this type; designed 
to acquire and hold analog signals as large as + 10V dc. 


Accuracies of + 0.01% can be achieved in 4.5ps for 10-volt input 
steps, and in only 5ys for 20-volt steps. 


Both commercial temperature ranges and extended temperature 
ranges are available, respectively, in the ADSHC-85 and the 
ADSHC-85ET. In addition, the ADSHC-85ET can be processed 
-per the requirements of MIL-STD-883, Method 5008. 


TRACK-AND-HOLD (T/H) MODE 

When operated in the T/H mode, the ADSHC-85 “‘tracks”’ all 
changes in analog input as they occur, functioning like a unity 
gain amplifier. The “hold” mode is initiated by the user and causes 
the output of the T/H unit to be “‘frozen’’. 


A logic “1” at Pin 3 causes the unit to be in a “track” (or sample) 
mode; a logic “‘0”’ puts the output in “‘hold’’. 


ADSHC-85 FUNCTIONAL BLOCK DIAGRAM 


| OFFSET | 
ADJUST 


t 
gee +15V N/C N/C NIC NIC 


ANALOG~ -15V MODE ANALOG = N/C EXT. OUTPUT 
IN CONTROL COMMON Cc 
| | 
N/C = NO CONNECTION nee >) + oe | 


INTERNALLY OPTIONAL EXTERNAL C 


SAMPLE/TRACK-HOLD AMPLIFIERS VOL. |, 14-17 


SPECIFICATIONS mye vtages unless ohrwise nted) 


MODEL UNITS ADSHC-85 ADSHC-8SET 
ANALOG INPUT 

Voltage Range . V +10 - 

Overvoltage, no damage V max +15 * 

Impedance : ; Ohms 10"! > 

Capacitance pF 10 * 

Bias Current : nA, max 0.5 ; * 

Initial Offset Voltage mV, max +2, adjustable to zero - 


DIGITAL INPUT (TTL Compatible) 


Mode Control Voltage Current 
“Sample/Track”’ Logic “1” +2.0Vto +5.5V 50nA max 
“Hold” Logic ‘‘0” OV to +0.8V — 502A max 
ANALOG OUTPUT 
Voltage V +10 * 
Current mA +10 a 
Impedance Ohms max 1 ¥ 
Capacitive Load pF 1,000 : 
Noise 
@ 100kHz pV rms 50 * 
@ 1.0MHz pV rms 150 * : 
Pt Se NS ee SA en PS 
DC ACCURACY/STABILITY 
Gain V/V +] * 
GainError % +0.01 * 
Gain Nonlinearity % +0.01 x 
Gain Temperature Coefficient . ppm/°C #2 * 
Input Offset vs. Temperature pVv/cC £25 : 
SAMPLE (TRACK) MODE DYNAMICS 
Frequency Response 
Small Signal (— 3dB) MHz 3 * 
Full Power ( — 3dB) kHz 200 - 
Slew Rate V/ps 15 " 
SAMPLE (TRACK)-TO-HOLD SWITCHING 
Aperture Time ns 25 . 
Aperture Uncertainty (Jitter) ns 0.5 « 
Offset Step (Pedestal) mV 1.0 if 
Switching Transient 
Amplitude mV 325 Im : 
Settling to 1mV pS, max 0.5 * 
HOLD MODE DYNAMICS 
Droop Rate . 
Typical (Maximum) mV/ms 0.2 (0.5) ie 
Variation with Temperature Doubles/10°C Change . 
Feedthrough Rejection 
(20V p-p @ 1kHz) dB 80 ig 
HOLD-TO-SAMPLE (TRACK) DYNAMICS 
Acquisition Time (to + 0.01%) 
10V Step ws, max 4.5 * 
20V Step fs, max 5.0 * 
POWER REQUIREMENTS! 
Nominal Voltages V(%) +15( +3) * 
Current mA, typ (max) + 18(+20) * 
Power Supply Rejection 
(dc — 50kHz) pV/V 100 * 
TEMPERATURE RANGE ; 
Operating (Case) °C Oto +70 —55to +125 
Storage °C —55to + 125 * 
MTBF? 
Mean Time Between Failures hours 466,797 ba 
PACKAGE OPTION? HY14D 


- *Specifications same as Model ADSHC-85. 
‘Recommended power supply ADI Model 902-2 + 15V@ +100mA 
Calculated using MIL-HNBK-217; Ground; Fixed; + 70°C case 
3See Section 20 for package outline information. 


Specifications subject to change without notice. 
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10 VOLT 
INPUT STEP 


ACQUISITION TIME - ps 


0 0.001 0.002 0.004 0.008 0.016 0.032 0.064 0.128 


EXTERNAL CAPACITOR - pF 


Figure 7. 


As shown in Figure 2, two different intervals of time can affect 
the point on the analog input which is sampled when the T/H is 
switched from “‘track” to “hold’’. One of these, aperture time, 
is a constant and, therefore, should not be regarded as an error 
source. The other, aperture uncertainty (or “‘jitter’’), may vary 
from one “hold” command to the next and qualifies as a valid 
error source. 


This “jitter” is the result of noise signals of various kinds which 
modulate the phase of the hold command and are manifested as 

sample-to-sample variations in the value of the analog input which 
is being “frozen”. The aperture error which results from this jitter 
is directly related to the dV/dt of the analog input. 


APERTURE 
ERROR 


INPUT . APERTURE 
nL UNCERTAINTY 


SAMPLE ses \ 
SOMTAGL. 1” TRACK | 
INPUT “0” HOLD 
——w= Re — APERTURE TIME | 
HOLD PERIOD} 
ERROR RANGE DUE TO 
| APERTURE UNCERTAINTY ¢- OROOP 


t pas 
ANALOG 


OUTPUT nn ae he ae ee 


Jean BAND 


ACQUISITION TIME —=1 
| | 


Figure 2. Track-and-Hold Operation 


Another phenomenon associated with the hold period which can 
contribute to error is feedthrough. High feedthrough rejection is 
important in a track-and-hold to prevent leakage from input to 
output during the hold interval. 


Acquisition time is the interval required for the T/H to reestablish 
accurate tracking of the analog input signal after the “‘hold” period 
" has ended. 


Longer intervals will be required for greater accuracy; but the 
interval is also affected by the rate of change of the input. Nyquist 
sampling is the most stringent tracking requirement. 


SAMPLE-AND-HOLD (S/H)MODE ae 
In the S/H mode, the output of the ADSHC-85 is left in the “‘hold”’ J 
mode most of the time, but is switched to the “‘sample”’ (track) 

mode for brief intervals. 


The width of the sample pulse at the MODE CONTROL in- 
put is dictated by (1) the acquisition time of the ADSHC-85, 
in combination with (2) the desired accuracy of the sampled 
output. 


_A third factor which affects the accuracy is the amount of change 


which has occurred since the ‘preceding sample; this is analogous 
to the situation which happens between successive ‘‘hold’’ com- 
mands when operating as a T/H. 


OPTIONAL EXTERNAL CAPACITOR 
The droop, charge offset, and acquisition time of the ADSHC-85 ° | 
are determined by the holding capacitor. 


(Charge offset is caused by the transfer of charge to the holding 
capacitor via the gate capacitance of the switching FET when 
switching into “hold”. The charge is essentially restored by a = 
compensation circuit inside the ADSHC-85 when the unit goes 3 
into the “‘hold” mode.) 


The droop rate can be reduced with the use of an external capacitor, 
but this technique is not an unmixed blessing, since additional 
capacitance which improves droop rate characteristics also adds 
to settling time. | 


Figure 1 approximates the relationship of acquisition time and 
added external capacitance. The droop rate is determined by: 
_ dV_ _0.5 x 10° _ 

Droop = Gt = T,000pF + Can 
OFFSET ADJUSTMENT 
Offset in the Functional Diagram should be adjusted with the 
analog input grounded, and with the sample/hold switching 
continuously between the “‘sample” and “hold”’ modes. 


Output offset error is adjusted to zero when the unit is in the 
‘“thold” mode. This will compensate for both charge offset (see 
above) and amplifier offset. 

APPLICATIONS 

The most common application for a track-and-hold is to place it 


ahead of a converter to allow digitizing of signals with 
bandwidths higher than the converter alone can handle. 


For these kinds of applications, the ADSHC-85 series can 
reduce system aperture to 500 picoseconds or less. 


Their ability to be operated as either track-and-hold or eiisies 


and-hold devices adds to their flexibility, and makes them 


appropriate for multiple uses. 
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OPERATION WITH A/D CONVERTER 
Figure 3 shows in simplified form the use of an ADSHC-85 as a 
track-and-hold in combination with a converter. 


ANALOG ANALOG 
INPUT OUTPUT 


END OF CONVERSION SIGNAL 
(DEPENDING ON CONVERTER USED, 
EOC SIGNAL MAY REQUIRE INVERTED) 


Figure 3. 


The maximum value of input signal frequency that can be 
acquired and digitized using this combination is influenced by 
the bandwidth of the T/H, but is also dictated by: 


A. The aperture uncertainty (jitter) of the ADSHC-85 
and | 
B. The desired accuracy, and corresponding resolution of the con- 
verter (the larger the number of bits, the lower the maximum 
instantaneous input frequency). 


If the desired accuracy of digitizing were 0.1% to a tolerance of 
+ 1/2LSB, the maximum value of input signal frequency which 
can be digitized is determined by: 


F max = 3a = So eT =: 310.8 Hz 


where 0.1% is 10 bits; and aperture uncertainty of the 
ADSHC-85 is 0.5ns. : 


For this situation, the converter in Figure 3 could be either 


.2- the Analog Devices Model HAS-1002, or the Analog Devices 


~ Model AD579. 


- Either of these units and the ADSHC-85 could acquire and 
digitize an analog input frequency of slightly less than 
311kHz. 


The maximum throughput rate of each of these combinations 
would be different, however. 


When using an ADSHC-85 with HAS-1002, throughput 
would be 169k samples per second (a period of 4.5ys plus 
_ 1.4s). Using the ADS79 results in 154k (4.5ys plus 
2.0us). NOTE: These update rates are based on using the 
ADSHC-85 without external capacitance; none is required 
because droop is insignificant during the conversion time. 


Without violating the Nyquist sampling theorem, the HAS-1002 
could be used for input frequencies from dc through 84kHz; the 

AD579 for inputs from dc through 77kHz. Input frequencies 

higher than these (up to the maximum of 311kHz) would result 

in “undersampling” of the input signal. Signals up to 311kHz 
could be processed if their bandwidth is less than one-half the 
sample frequency (example: IF signals). 


SIMULTANEOUS SAMPLE/HOLD 

The ADSHC-85 can be used for time correlation of sampled 
data signals by using one sample/hold for each analog signal. 
The outputs of the units are then applied to the input of an 
analog multiplexer. 

The worst-case droop error of the sample/hold in the last 
channel to be sampled is determined by the maximum “Hold” 
time of the system. This maximum hold time, in turn, is 
established by the A/D conversion rate, and the number of data 
channels. 


Droop error is computed by: 


MAX DROOP ERROR (for Channel N) =(T xX n) 
(Droop Rate) 
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] 
A/D Conversion Rate 


andn = number of multiplexer data channels 


where T = 


Figure 4 shows an 8-channel system using ADSHC-85 units for 
simultaneous sampling. Their outputs are applied to either a 
Model AD7501 or Model AD7503 CMOS analog multiplexer; 
the output of the MUX is then applied through an amplifier to 
a Model HAS-1202. 


8-CHANNEL SIMULTANEOUS SAMPLING 


ae 
AOSHC-85 


ADSHC-85 ’ 
ADSHC-85 


Figure 4. 


When the input signal range is + 10 volts, this 12-bit system 
will have a value for the Least Significant Bit (LSB) of slightly 
less than 5mV (4.88mV). 


If the system is going to maintain 12-bit integrity, the droop 
rate must be appreciably less than 1/2LSB. In this example, if 
one assumes a system sample rate of 20kHz, the computed 
droop error of the last channel meets that requirement: 


1 
Droop = | aoe Senge Re (max T/H droop) 


1 
20 x 10° 
The computed droop error is negligible; therefore, no external 
capacitance need be added to the ADSHC-85s. This should hold 
true for all except the very slowest A/Ds which might be 
substituted for the HAS-1202. 


RECOMMENDED CONVERTERS 

The application notes above offer suggestions on converters 
from the Analog Devices product line which are candidates for 
use with the ADSHC-85 Sample/Hold. units. 


Depending on the application and desired resolution, a number 
of units should be considered. 


They include: 


Droop = ( ) (0.5mV/ms) = 25nV 


ADC84 AD579 HAS-1202 MAS-0801 
ADC85 HAS-0802 MAH-0801 MAS-1001 
AD578 HAS-1002 MAH-1001  MAS-1202 
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‘Ultra Fast 0.01% 
Track/Sample - Hold Amplifiers 


FEATURES 

ADSHN-5 

2nd Source—Replaces all SHM-5 Series 

Fast 350ns Acquisition Time to +0.01% 

Aperture Uncertainty 250ps 

ADSHM-5K 

Ultra Fast 250ns Acquisition Time to +0.01% 
100ns Acquisition Time to +0.1% 

Wide 12MHz Bandwidth 

300V/us Slew Rate 

Super Low 2nA Input Bias Current 


APPLICATIONS 

Fast Data Acquisition 

Data Distribution Systems 
Peak Measurement 
Simultaneous Sample & Hold 
Analog Delay & Storage 


GENERAL DESCRIPTION 

The ADSHM-5 is a new ultra-fast (350ns to 0.01%) sample- 
hold amplifier designed for use with high-speed 10- and 12-bit 
analog-to-digital converters, such as Analog Devices’ MAH, 
MAS, and HAS Series, as well as other manufacturers’ types. 


Designed specifically to second source other SHM-5’s, the 
ADSHM-‘5 is a fit, form and function equivalent for these 
modules. 


When used in a 12-bit data acquisition system, the ADSHM-5 
acquires to within 12 bits (+0.01%) in 350ns for a 10V step 
change. For systems requiring 10-bit performance, the 
ADSHM-5 acquires to within 0.1% in just 200ns max. 


Other salient features of the ADSHM-5 include 0.005% max 
Tracking Nonlinearity and a Small Signal Bandwidth of 5MHz. 


To upgrade system performance one need only to look at the 
new ADSHM-5K. While sharing the same pinout and package 
of the ADSHM-G5, this all new module utilizes the latest ‘‘state- 
of-the-art’”’ hybrid techniques to offer the user the optimum in 
specifications. The ADSHM-5K features a maximum 12-bit 
acquisition time of only 250ns and 10-bit acquisition time of 
an astonishing 100ns max. Another improvement is in acqui- 
sition time where the input buffer must also respond to a 10V 
step change, such as in multiplexed applications. The total 
acquisition time in this application is only 350ns max. Fur- 
ther, the Small Signal Bandwidth has been improved from 
5MHz to 12MHz. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 14-7. 
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SPECIFICATIONS (typical @ +25°C and +15V dc power supplies unless otherwise noted) 


MODEL UNITS ADSHM-5 ADSHM-5K 
ANALOG INPUT 
Input Voltage Range V min +10 . 
Input Overvoltage, No Damage V max +15 * 
Input Impedance ie) 100M 1000 
Input Bias Current nA max 250 2 
Offset Adjustment Range mV +300 : 
SAMPLE CONTROL INPUT 
Sample Mode: Logic “1”, TTL! Vv +2.0 to +5.5 - 
Hold Mode: Logic “0”, TTL Vv 0 to +0.8 * 
Loading mA +1 ° 
ANALOG OUTPUT 
Output Voltage Range V min +10 : 
Output Current, S.C. Protected mA +40 +50 
Output Impedance $2 max 0.1 . 
Noise (de to 2.5MHz) UV 100 bs 
ACCURACY/STABILITY DC 
Gain’ v/v -1.000 +0.1% . 
Gain vs. Temperature ppm/°C +10 ig 
Output Offset vs. Temperature uv/°C max +30 : 
Output Offset vs. Supply mvV/V 1 % 
Tracking Nonlinearity % max +0.005 : 
Output Offset Voltage, Sample Mode mV max +50 ° 
DYNAMIC RESPONSE? 
Acquisition Time’, 10V to 0.1% ns max 200 100 
Acquisition Time*, 10V to 0.01% ns max 350 250 
Acquisition Time*, 10V to 0.01% ns typ 1,000 300 
Bandwidth, Tracking, -3dB MHz 5 12 
Slew Rate, Tracking V/us 25 300 
Aperture Delay Time® ns 20 i 
Aperture Uncertainty Time ps 250 100 
Hold Mode Droop LV /us max 20 12 
Hold Mode Feedthrough, dc to 500kHz dB 70 * 
Sample to Hold Offset Error mV max +5 ag 
POWER REQUIREMENT 
Power Supply Voltage Vdc +15 +0.5 * 
Quiescent Current mA max 75 7 
PHYSICAL—ENVIRONMENTAL 
Operating *C 0 to +70 * 
Storage “G -55 to +125 
Relative Humidity % Up to 100%, ‘s 
noncondensing 
Case Size x 2.0 X 2.0 X 0.4 ig 
Case Material N/A Diallyl Phthalate per MIL-M-14 
Type SDG-f 
Pins N/A 0.020” round, gold plated; 0.25” 


long min 


NOTES 


"TTL compatible. Schottky Pull Up (748132 or equivalent) recommended to supply the 1mA required. 
? The Gain Error of +0.1% can be adjusted out most easily by using the Gain Adjust of the companion 


A/D converter. 


3 When switched into Hold, about 50ns is required for switching transients to settle. This time should 


be allowed before initiating the first conversion. 
“From Tracking Mode. 


. *From Input Buffer. 


6 The Analog Signal Delay from the input to the Sampling Switch is approximately 32ns. Aperture 


Delay time is 20ns. 
*Specifications same as ADSHM-5. 


Specifications and prices subject to change without notice. 
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MECHANICAL DIMENSIONS 


Dimensions shown in inches and (mm). 


2.0 
(50.8) 


BOTTOM VIEW 


-| |=-o. (2.54) 


NOTES: PINS ARE GOLD PLATED 
DOT ON TOP INDICATES POSITION OF PIN 1 


PIN DESIGNATIONS 


SAMPLE CONTROL 
SAMPLE CONTROL GND 
ANALOG OUTPUT GND 
ANALOG OUTPUT 

NC 


OFFSET ADJUST 
+15V POWER 

-15V POWER 

POWER GROUND 
ANALOG INPUT GND 
ANALOG INPUT 


Ld} 


ANALOG Ultra High Speed Hybrid 
DEVICES Track-and-Hold Amplifiers 


Daa mibess HTC-0300 FUNCTIONAL BLOCK DIAGRAM 
Aperture Times to 20ps 
Acquisition Times to 20ns [ yTc-0300 ee ee 
Linearity 0.01% ANALOG | 
10'°Q Input Z (HTS-0025) ae ° ourPuT 
18 
+50mA Output Current snows? TL, t re 
APPLICATIONS Biss a ae | 
Data Acquisition Systems ne | 
Data Distribution Systems Tee a aay | 
Peak Measurement Systems . EOL 
Simultaneous Sample & Hold eae | . 
Analog Delay & Storage re l 
_ 
GENERAL DESCRIPTION ; 
The HTS-0025 and HTC-0300 represent “‘state of the art’’ in GROUND eatin, i 
the ability of an analog device to capture and hold rapidly NOTE: PIN 12 SHOULD BE GROUNDED IF NOT USED. 
changing transient or continuous waveforms. The user can 
choose between them by making engineering trade-offs be- HTS-0025 FUNCTIONAL BLOCK DIAGRAM 


tween maximum speed/bandwidth capability, precision gain, 
feedthrough rejection, input impedance, hold time, harmonic 
distortion, output swing, logic type, power requirements and 
price. With an aperture uncertainty of only 20ps and an ac- 

quisition/settling time of 20ns, the HTS-0025 is the fastest | leas ANALOG 
hybrid sample/track-and-hold amplifier available. 


>» ANALOG 
OUTPUT 


It achieves this performance with a de coupled Schottky diode 
sampling bridge driven by a 10!°Q2 input impedance FET am- 


plifier and followed by a low impedance — 10922 max — output a 
amplifier. _ 
y |21 10 3, 12, 8,2 22 


The HTC-0300 provides 100ps aperture uncertainty and 170ns fares | 

acquisition/settling time to 0.1% for a 10 volt input-output Oe. ae i 

swing (less than 300ns for 12-bit settling). It achieves this 

speed and precision gain (-1.00 +0.1%) with high speed op . 14 
amps and diode switches. These techniques also improve feed- | 


through rejection, output swing, linearity, harmonic distortion 
and droop rate. 


APPLICATIONS 

The most common use for a sample/track-and-hold is to place 
it ahead of an A/D converter to allow digitizing of signals with 
bandwidths higher than the digitizer alone can handle. The use 
of the HTS-0025 can allow a reduction of system aperture to 
20ps. These sample/track-and-hold amplifiers are also used for 
peak holding functions, simultaneous sampling A/D’s (with ap- 
propriate analog multiplexing), and other high-speed analog 
signal processing applications. These hybrids have been used to 
construct A/D converters of up to 12 bits of resolution with 
word rates as high as 20MHz. The HTC-0300 is designed to be 
used with Analog Devices’ HAS Series hybrid A/D converters. 
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“a ¥ ABS - ce r 
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SPECIFICATIONS (typical at +25°C and nominal power supply voltages unless otherwise noted) 


MODEL UNITS HTS-0025 HTS-0025M HTC-0300 HTC-0300M 


DYNAMIC CHARACTERISTICS 
Acquisition Time (See Figure 1) 


to 1% for 1V Output Step ns typ (max) 20 (30) : N/A = 
to 0.1% for 10V Output Step ns typ (max) N/A * 170 (200) 170 (200) 
Sample Rate! MHz max 30 - 5 is 
Aperture Time ns min (typ) (max) 6 (10) (20) : . : 
Settling Time ns typ (max) 20 (30) . 100 (120) se 
Bandwidth (3dB 2V p-p Input) MHz min 30 20 N/A on 
(3dB Small Signal Input) MHz min N/A . 8 a 
Slew Rate V/us typ (min) 400 (200) * 250 (120) 250 (100) 
Aperture Uncertainty ps (rms) max 20 * 100 at 
Harmonic Distortion (See Figure 6 and 
Output Loading) dB typ (max) 65 (60) * 75 (62) nike 
Feedthrough Rejection (2V p-p, 1OMHz Input) dBmin 70 * N/A ** 
(dc to 2.5MHz) dB min N/A . 70 pa 
Droop Rate mV/us typ (max) 0.2 (4)? 0.2 (30) 0.005 (0.007) 0.005 (0.1) 
Pedestal During Hold (See Figure 1) mV typ (max) 2 (20) . 5 (50) = 
Transients (See Figure 1) mV typ (max) 30 (100) . N/A ae 
ACCURACY /STABILITY DC 
Gain V/V +0.92 min * -1,00+0.1% baie 
Gain vs. Temperature ppm/°C typ (max) 20 (40) - 10 (50) bsg 
Zero Offset Voltage mV typ (max) - 2 (20) * 2 (20) = 
Offset vs. Temperature typ (max) 50 (150)uVv/°C . 40 (75)ppm/°C on 
Linearity % max 0.01 4 > 
INPUT 
Voltage Range V max +2 - +10 ~s 
60dB Feedthrough Rejection V p-p max 3 - N/A ae 
Impedance | Q typ (min) 10'° (107) 10'° (10°) 1000 sd 
Bias Current nA max 15 100 15uA wis 
OUTPUT | 
Voltage V max +2 4 , +10 pa 
Current (not short circuit protected) mA max +50 . i % 
Impedance 2 typ (max) 3 (10) id 0.1 (de) as 
Loading — Harmonic . 
Distortion for 2V p-p 50dB Q min 50 4 N/A . wi 
Signal and Specified R, 60dB Q min 100 - N/A aes 
65dB 0 min 200 . N/A ** 
Noise? mV rms _ 0.1 (max) 0.2 (max) 0.1. .* 
HOLD COMMAND (DIGITAL INPUT) 
Logic Compatible ECL - TTL oT 
“0” = Track/“1" = Hold* V -1.5 to -1.4/-0.7 to-1.05* N/A “s 
“Hold” Input, ‘‘0” = Track/“1” = Hold Vv N/A * 0 to +0.4/+2.4to+5 ** 
“Hold” Input, “0” = Hold/‘‘1” = Track V N/A - : 0 to +0.4/+2.4to +5 ** 
POWER REQUIREMENTS — HTS 
V+ = +15V +0.5V (Pins 8 and 22) mA max 40 * N/A <2 
V- = -15V £0.5V (Pins 3 and 12) mA max 40 ' N/A seis 
Vcc + = +4.4V to +15.5V (Pins 1 and 9)° mA max 15 . N/A 
Vcc” = -4.95V to -15.5V (Pins 2 and 10)° mA max 15 : N/A +S 
VEE = -5.2V +0.25V (Pin 4) mA max 40 . N/A 7 
POWER REQUIREMENTS — HTC 
+12V to +18V . mA max N/A i 25 2 
+5V to t0.25V mA max N/A 7 25 = 
Power Supply Rejection Ratio mvV/V N/A 3d 10 an 
TEMPERATURE RANGE 
Operating (Case) °c 0 to +70 -55 to +100 0 to +70 -55 to +100 
Storage °C -55 to +125 * * . 
NOTES: 


'Sample rates shown are a guide only, and are based on system acquisition 
times — not logic speed. These rates can be exceeded with acquisition 
time trade-offs. 

2 Droop rate for case temperatures up to 50°C is ImV/u"s max. 

3 Noise level measured in track mode is 5MHz bandwidth. Noise level 
increases when high duty cycle repetitive hold command is applied. 

A 50% duty cycle hold command results in approximately 0.3mV (rms) 
total noise output. 

* One ECL-10k Gate, no pulldown resistor. 

*Vcct may be tied to V*. Vcc- may be tied to V~ or VeR. However, for 
proper operation, Vcc+ and Vcc- must have the same numerical value. 


*Specifications same as model HTS-0025. 
**Specifications same as model HTC-0300. 


Specifications subject to change without notice. 


Specifications in parenthesis ( ) indicate max/min over 
entire specified operating temperature range. 
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OUTLINE DIMENSIONS OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm) Dimensions shown in inches and (mm) 
HTC-0300 (Only) PIN DESIGNATIONS HTS-0025, HTS-0025M, HTC-0300M 
GLASS PACKAGE METAL PACKAGE a 
| Pin | FUNCTION (HTC-0300) | FUNCTION (HTS-0025)- | ae 
1 | ANALOG OUTPUT Vec+ [+5V to +15.5V]* - 
ages 800 (20. ae Re Manila ee Levec leave 0.800 (20.3) 
3 N/A V- [-15V] 
mi 4 N/A Veg [-5.2V] 0.20 
(5.1) 5 N/A HOLD COMMAND (5.1) 
0.20 (5.1) I 6 | N/A GROUND 20(5.41 
MIN 7 | N/A GROUND - A | 
0.020 (0.51) 8 | N/A V+ [+15V] 0.018 (0.46) 
| DIA 9 | +5v Vec+ [+5V to +15.5V]* | DIA 
GROUND Vcc - [-5V to -15.5V]* 
aw Ese O HOLD GROUND 
See ERE Se HOLD V- [-15V] 
PSE eaaee ANALOG INPUT ANALOG INPUT 
Seeaears INPUT GROUND N/A 


Pakeanee N/A ANALOG GROUND 
RC eE a N/A ANALOG GROUND 
GROUND N/A 
Gen nG S44 ei Uae 
GROUND N/A 


+15V ANALOG OUTPUT 


*FOR PROPER OPERATION, Vcc- SHOULD 
HAVE THE SAME NUMERICAL VALUE. 


BOTTOM 
| VIEW 0.1 (2.54) 
GRID BOTTOM 
VIEW ‘sis | [01 (2.54) 
DOT ON TOP INDICATES POSITION OF PIN 1. 
DOT ON TOP INDICATES POSITION OF PIN 1. 


TRACK-AND-HOLD (T/H) MODE ANALOG 4, eEREOR. 
‘ : INPUT 
When operated in the T/H mode, these devices are allowed to vw ot 
“track”’ the input signal for a period of time prior to initiating ! , 
a “hold command”’, During the track period, the output fol- “1 bo IM 
. : : : j | | APERTURE ! 
lows the input, and the devices function as operational ampli- era. a pee " 
fiers, The HTS-0025 operates as a precision follower with a sate: << WE a ee aie Ver 
. = ' ~P-p 
gain of +1, the HTC-0300, -1. OUTEUS a ‘ 

. . . . 0 a En 
When a Logic “1”’ is applied to the “hold command” input of ae. | | 
the unit, its output is frozen, This output level is held until the “1 WITHIN 1%0F -™ | DROOP| ) 

: : ere FINAL VALUE | [wg —-ACQUISITION 
track mode is reestablished by a Logic “‘0”’ at the hold com- i TIMES TA 
mand input. This operation is shown graphically in Figure 1. “Time, Te ol jaa APERTURE 

. ° tS 

The held output level is the voltage value at the input at the ae yi 

; HOLD TRACK nore | TRACK 

instant (plus the aperture time) the hold command is applied. COMMANE. 2 

Figure 1b, Track/Hold Waveforms — HTS-0025 
APERTURE »® : 
+10V ERROR 
goruat 4 The HTC-0300 provides a hold input for use if the hold com- 


mand is inverted, that is if the user wishes to use a “‘O”’ for the 
hold condition and a ‘‘1’’ for the track mode. Performance of 
the unit is identical with either type of input. 


POINT J ~ 
| APERTURE 
ae : ' UNCERTAINTY 
INPUT 
) 


"4" HOLO| es Variations in the instants of sampling are called aperture un- 
SOU ie ee certainty. It appears as jitter in the sampling point and can 
COMMAND =< APERTURE TIME cause significant errors when very high dV/dt inputs are sam- 
aa a HOLD PERIOD = spepenitn pled. During the hold period, feedthrough and droop rate can 
EURO RANGE DUG 10g) ee. TIME introduce errors at the output. It is important that a track-and- 


|_ {APERTURE UNCERTAINTY 


hold have high feedthrough rejection to prevent input-to-out- 
put leakage during the hold period. The droop rate is the 
amount the output changes during the hold period as a result 
of loading on the internal hold capacitor. 


ANALOG 


| 
| 
| 
| 
OUTPUT 


OV : 10MV 


(SHOWN INVERTED) 
When the hold command input returns to the track condition, 
the amount of time required for the track-and-hold output to 
reestablish accurate tracking of the einpUe signal is called the 


Figure 1a. Track/Hold Waveforms — HTC-0300 
acquisition time. 


SAMPLE/TRACK-HOLD AMPLIFIERS VOL. |, 14-25 


Veahht: 
Tg 
2 Both 
aso 


SAMPLE-AND-HOLD (S/H) MODE 

In the S/H mode of operation, the devices are normally left in 

the hold condition. A very short sample pulse is applied to the 
hold command input when a new sample needs to be obtained 
at the output. The sample pulse width is dictated by the acqui- 


‘sition time. For small sample-to-sample variations, a pulse 


width as narrow as 20 to 80ns may be used. In general, how- 
ever, the pulse width should be 100 to 300ns (see Figure 4). 


+5V 


ANALOG ) 
INPUT y | 1 i 
1 100ns | 1 PULSE WIDTH MUST 
-5V | SAMPLE | : ' BE WIDE ENOUGH 
t | PULSES | i | TO ACQUIRE SIGNAL 
TO DESIRED ACCURACY 
Paes | | A } (SEE FIGURE 4) 
HOLD — 


COMMAND 


ANALOG 
OUTPUT 
(SHOWN INVERTED) 


Figure 2. Sample/Hold Operation — HTC-0300 


The HTC-0300 hybrid track-and-hold amplifier has been de- 
signed to operate without external trimming potentiometers 
and ‘‘compensation”’ devices required in most modular units. 
Active laser trimming is used on the HTC-0300 to “null” the — 
pedestal (the offset during “HOLD” times), set the dc offset 
to zero, and adjust the gain of the device to unity. Internal 
frequency compensating elements are incorporated to make 
the HTC-0300 unconditionally stable and to optimize the fre- 
quency response of the internal operational amplifier for this 


application. Unlike other microcircuit T/H amplifiers, the HTC 


has a high drive capability (t5OmA) and a very low output 
impedance which allows it to drive directly virtually all types 
of A/D converters (even the “current-bucking”’ input types 
which will produce a degraded A/D conversion without suf- 
ficient T/H output drive) and those with low input imped- 
ance. 


ERROR — MV 


50 500 5000 
INPUT ANALOG BANDWIDTH — kHz 


Figure 3. HTC-0300 Error Due to Aperture Uncertainty 
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PERCENT — % Accuracy 


50 100 150 - 200 250 300 
TIME — ns 


Figure 4a. Settling Accuracy vs. Acquisition 
Time — HTC-0300 


PERCENT — % Accuracy 


TIME — ns 


Figure 4b. Settling Accuracy vs. Acquisition 
Time — HTS-0025 


GAIN 
PHASE 


0.01 0.03 0.1 0.3 1.0 3.0 10.0 
FREQUENCY — MHz 


Figure 5. Amplitude and Phase Response — HTC-0300 


wen. 
Vie 


Typical HTS-0025 Operation 


INPUT: 2V, p- RATE: 15MHz 
LOAD: KD sai INPUT: 2V, p-p, 3MHz 
LOAD: 1kQ 
2MHz/DIV 
OHz 
Figure 6a. Harmonic Distortion — Track Mode Figure 6b. Frequency Domain Outputs 


HOLD COMMAND 


HOLD COMMAND 
1V/DIV 1V/DIV 
250kHz SINE 
250kHz SINE WAVE INPUT 
WAVE INPUT 


ANALOG OUTPUT 
0.5V/DIV ANALOG OUTPUT 


0.5V/DIV 


1us/DIV 


1us/DIV 
PORTION OF SINE WAVE 
APPEARS WHEN IN TRACK 
Figure 7a. Track/Hold Operation Figure 7b. Sample/Hold Operation 


HOLD COMMAND 
1V/DIV 


ANALOG OUTPUT 
50mV/DIV 


20ns/DIV 


Figure 7c. Expanded View of Output Signal Showing 
Switching Transients and Pedestal with DC Input 
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A/D CONVERSION SYSTEM WITH 300kHz CONTINUOUS 
SAMPLING RATE AND 12-BIT BINARY OUTPUT 

The circuit below illustrates a typical application of the HTC- 
0300 as a sample/hold amplifier preceding a successive-approx- 
imation type of A/D converter. During the conversion interval, 
the input voltage to the A/D must be held constant. To the ex- 
tent that this input signal is not absolutely constant, an error 
results in the digitized output of the A/D. However, with the 
excellent feedthrough-rejection and droop-rate specifications 
of the HTC-0300, very little error in the A/D conversion pro- 
cess will be due to the T/H circuit. In addition, the very fast 
acquisition time of this hybrid microcircuit means that the 
A/D can be operated at very near its maximum sample rate 

_ since very little of the conversion cycle time is required for 
the T/H to acquire each successive signal sample. 


+15V -15V +5V +15V -15V +5V 


HAS-1202 
ADC 


[21 [22 1 ]30 3 


DATA READY 
ENCODE 
COMMAND V 


0 TO -10.24v 
ANALOG INPUT — 


ANALOG GROUND OUTPUT 


Figure 8. A/D Conversion System 
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Sample Rate Approximately 300kHz 


Analog Input Digital Output 
OV 000000000000 
-10V 111111111111 


Table 1. Performance Parameters For This A/D System 


ORDERING INFORMATION 

Order Model Number HTS-0025 or Model Number HTC- 0300 
for 0 to +70° C operation. For operation from -55°C to +100°C 
order Model HTS-0025M or HTC-0300M in metal cases. For 
units processed to MIL-STD-883, consult the factory or the 
nearest Analog Devices’ sales office. 


ANALOG 
DEVICES 


FEATURES 

+10V min Input/Output Range 
50ns Aperture Delay 

0.5ns Aperture Jitter 

6us Settling Time 

+0.001% Max Gain Linearity Error 
Complete with Input Buffer 


APPLICATIONS 

Track and Hold 

Peak Measurement Systems 
Data Acquisition Systems 
Simultaneous Sample-and-Hold 


GENERAL DESCRIPTION 

The SHA1144 is a fast sample-hold amplifier module with ac 
curacy and dynamic performance appropriate for applications 
with fast 14-bit A/D converters. In the “‘sample’’ mode, it acts 
as a fast amplifier, tracking the input signal. When switched to 
the “hold” mode, 'the output is held at a level corresponding 
to the input signal voltage at the instant of switching. The 
droop rate in “hold”’ is appropriate to allow accurate conver- 
sion by 14-bit A/D converters having conversion times of up 
to 150s. 


DYNAMIC PERFORMANCE 

The SHA1144 was designed to be compatible with fast 14-bit 
A/D converters such as the Analog Devices’ ADC1130 and 
ADC1131 series, which convert 14 bits in 25us and 12s, re- 
spectively. Maximum acquisition time of 8us for the SHA1144 
permits high sampling rates for 14-bit conversions. The 
SHA1144 is guaranteed to have a maximum gain nonlinearity 
of +0.001% of full scale to insure 1/2LSB accuracy in 14-bit 
systems. When in the “‘hold” mode, the droop rate is 1uV/us, 
so the SHA1144 will hold an input signal to +0.003% of full 
scale (20V p-p) for over 600ys. 


PRINCIPLE OF OPERATION 

The SHA1144 consists basically of two high speed operational 
amplifiers, a storage capacitor, and a digitally controlled 
switch, It differs from typical sample-and-hold modules in one 
important respect; application versatility. The user completes 
the SHA1144 feedback circuit external to the module. There- 
fore, the module may be used in inverting or noninverting con- 
figurations and can easily be arranged to provide circuit gain of 
more than unity to simplify signal conditioning in a subsystem. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 14-11. 


a Se 


Sample and Hold Amplifier 
SHA1144 


SHA1144 FUNCTIONAL BLOCK DIAGRAM 


ANALOG 


-15V GROUND +15V 
e 


+ VOLTAGE 
TO CURRENT z 
CONVERTER o 
—- 1.5mA/V 


+INPUT 


-INPUT 
MODE 
CONTROL 


DIGITAL 
GROUND 


FEEDBACK CONNECTIONS 

The input section acts as a voltage-to-current converter, pro- 
viding the current needed to charge the “‘hold” capacitor. The 
output amplifier isolates the “‘hold” capacitor and provides 
low output impedance for driving the load. Since feedback is 
not hard-wired in the module, both inverting and noninverting 
input terminals are available, and the SHA1144 can be con- 
nected as a follower with unity gain or potentiometric gain, 

as well as inverter or even a differential amplifier. Since the 
unity gain follower mode will be the most frequent applica- 
tion, performance data listed in the specification table is based 
on this operating mode. 
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High Resolution 14-Bit 


3 % 


SPECIFICATIONS (typical @ ee gain = +1V/V and nominal supply voltages unless otherwise noted) 


MODEL SHA1144 

ACCURACY 

+ Gain +1V/V 
Gain Error +0.005% 


+0.0005% (+0.001% max) 


Gain Nonlinearity E , 
+1ppm/ C (+2ppm/ C max) 


Gain Temperature Coefficient (0 to +70°C) 


OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 


/--—— 2018 MAX (51.18) ——>] | 


INPUT CHARACTERISTICS 
Input Voltage Range +10V 
Impedance 10"! Q|| 10pF 
Bias Current 0.5nA max SeRGSRSE 
Initial Offset Voltage Adjustable to Zero . SeseeeeUSeReeners 
Offset vs. Temperature (0 to +70°C) +30uV/°C max B Suemcsssaaeaaa 3 Sheil es 
OUTPUT CHARACTERISTICS - ae 
Voltage +10V min BPR Meoe er rer 
Current +20mA min ECE hed 
Resistance <1 PSE ESP aes ag 
Capacitive load | 350pF BE EEEEE EEE EAH 
Noise @ 100kHz Bandwidth 70uUV p-p BOTTOM VIEW pee bas eer oees) 
@ 1MHz Bandwidth 175pV p-p 
SAMPLE MODE DYNAMICS PIN DESIGNATIONS 
Frequency Response 
Small Signal (-3dB) 1MHz 1, TRIM 7. ANALOG GROUND 
Full Power 50kHz 2. TRIM 8. -15V 
Slew Rate 3V/us 3. +INPUT —= 9. ANALOG OUTPUT 
SAMPLE-TO-HOLD SWITCHING 4. -INPUT 10. MODE CONTROL 
Aperture Delay Time 50ns 5. TRIM 11. DIGITAL GROUND 
Aperture Uncertainty 0.5ns 6. +15V | 
Offset Step imV OFFSET ZERO ADJUST 
Offset Nonlinearity 160uV (OPTIONAL) 
Switching Transient 
Amplitude 50mV 
Settling Time to 0.003% lus a 
HOLD MODE DYNAMICS OFFSET ° 
Droop Rate 1pV/ps (2uUV/us max) Siero oe 
Variation with Temperature double every +10°C mat 10ka 
Feedthrough (for 20V p-p Input @ 1kHz) -80dB 


HOLD-TO-SAMPLE SWITCHING 


Acquisition Time to +0.003% (20V Step) 6us (8us max) 
(10V Step) Sus 
+0.01% (20V Step) Sus 


(10V Step) 4us 


DIGITAL INPUT 
Sample Mode (Logic ‘‘1’’) +2V<Logic ‘1’? <+5.5V 
@ 15nA max 

OV <Logic “0”? <+0.8V 


@ 5uA (20uUA max) 
+15V +3% @ 60mMA 


Hold Mode (Logic ‘‘0’’) 


POWER REQUIRED! 


-15V +3% @ 45mA 
TEMPERATURE RANGE 
Operating 0 to +70°C R1 1k 
Storage -55°C to +85°C 


1 Recommended Power Supply ADI Model 902-2, +15V @ +100mA output. 


Specifications subject to change without notice. 


+INPUT 


J 
-15V 


Figure 2. Noninverting Operation 
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Data-Acquisition Subsystems 


Contents 
’ Page 
Selection Guide 15-3 
AD362 Hybrid-IC 16-to-8-Channel DAS Front End, for User-Chosen A/D Converter 15-5 
AD363 Hybrid-IC 16-to-8-Channel 12-Bit Complete DAS 15-13 
AD364 Hybrid-IC 16-to-8-Channel 12-Bit Complete uP-Compatible DAS 15-25 
DAS1128 16/8-Channel 12-Bit Data-Acquisition System 15-37 
®DAS1152/1153 14-Bit and 15-Bit Sampling Analog-to-Digital Converters 15-39 
©DAS1155/1156 14-Bit and 15-Bit Low Level Data-Acquisition Systems 15-41 


@New product since the 1980 Data-Acquisition Components and Subsystems Catalog 
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Selection Guide 
Data-Acquisition Subsystems 


The products to be found in this section are high-performance 
modules and hybrid A/D conversion circuits that also provide 
sample-hold and/or multiplexing. In addition, some types have 
programmable-gain amplifiers, microprocessor interface logic, 
and switching for applications involving both differential and 
single-ended inputs. 


In addition to the devices listed in the Selection Guide, there 
are a number of other devices, to be found in this Volume, 
which perform data-acquisition functions, including MACSYM, 
the uMAC-4000 Intelligent Measurement-and-Control Subsys- 
tem, Microcomputer Interface Boards, Digital Panel Meters, 
and A/D Converters (including, for example, the 12-bit 5MHz 
MOD-1205, with on-board track-hold amplifier). 


Of especial note are the AD2036, AD2037, and AD2038 scan- 
ning digital panel instruments (to be found in the Digital Panel 
Instrument Section), which provide complete six-channel data- 


acquisition (including power supply) for measurement of tem- 
perature or voltage and have BCD data outputs for system 
input. Also of note (and to be found in Volume I) is the 
monolithic AD7581 data-acquisition-system-on-a-chip, which 
continuously converts 8 channels of analog information, stores 
stores them in dual-port RAM, and continuously makes all 
eight available by direct memory read instructions to the 
appropriate channel. 


The data sheets provide complete descriptions, specifications, 
and application information. Additional general information 
pertaining to portions of the subsystems may be found in the 
appropriate sections of this Databook (e.g., A/D Converters, 
Sample/Track-Hold Amplifiers). Basic general information can 
be found in Analog-Digital Conversion Notes, a 246-page book 
published by Analog Devices, Inc. It is available at $5.95 from 
P.O. Box 796, Norwood, MA 02062. 


MULTI-CHANNEL 


/~si. 
Midday 


8 Bits 

12 Bits 

14 Bits 

15 Bits 

Sample/Hold 

Single Ended 

Differential 

Amplifier 
Differential Amplifier 
Resistor Programmable Gain 


Resolution 


Input Structure 


Channels 
One 
Eight 
Sixteen 
Internal Reference ‘ 
uP Bus Compatible | e@ { @ | 
Operating 
Temperature 0 to +70°C 
Ranges -25°C to +85°C 
-55°C to +125°C 
Output Digital 
Analog 
Logic TTL 
Compatible CMOS 
Page 15-39 | 15-39 
Volume II 
Page 


18 channels differential input, 16 channels single ended. 
2 Two DIP packages. 
3 DAS Analog Input Section. 
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ANALOG 
DEVICES 


‘, a 


Precision Sample-and-Hold 
with 16-Channel Multiplexer 


AD362 


FEATURES 

16 Single-Ended or 8 Differential Channels with Switchable 
Mode Control 

True 12-Bit Precision: Nonlinearity <+0.005% 

High Speed: 10us Acquisition Time to 0.01% 

Complete and Calibrated: No Additional Parts Required 

‘Small, Reliable: 32 Pin Hermetic Metal DIP 

Versatile: Simple Interface to Popular Analog to Digital 
Converters 

High Differential Input Impedance (10'°2) and Common 
Mode Rejection (80dB) 

Fully Protected Multiplexer Inputs 


PRODUCT DESCRIPTION 

The AD362 is a complete, precision 16-channel data acquisi- 
tion system analog input section in hybrid integrated circuit 
form. Large-scale linear integrated circuitry, thick- and thin- 
film technology and active laser trimming gives the AD362 
extensive applications versatility along with full 12-bit 
accuracy. 


The AD362 contains two 9-channel multiplexers, a differential 
amplifier, a sample-and-hold with high-speed output amplifier, 
a channel address latch and control logic. The multiplexers may 
be connected to the differential amplifier in either an 8-chan- 
nel differential or 16-channel single-ended configuration. A 
unique feature of the AD362 is an internal user-controllable 
analog switch that connects the multiplexers in either a single- 
ended or differential mode. This allows a single device to per- 
form in either mode without hard-wire programming and per- 
mits a mixture of single-ended and differential sources to be 
interfaced by dynamically switching the input mode control. 


The sample-and-hold mode control is designed to connect 
directly to the “Status” output of an analog to digital con- 
verter so that a convert command to the ADC will automati- 
cally put the sample-and-hold into the ‘‘Hold”’ mode. A 
precision hold capacitor is included with each AD362. The 
AD362 output amplifier is capable of driving the unbuffered 
analog input of most high-speed, 12-bit successive-approxima- 
tion ADCs. Interface is thereby reduced to two simple con- 
nections with no additional components required. 


When used with a 12-bit, 25-microsecond ADC such as the 
AD572, AD574 or AD ADC80, system throughput rate is as 
high as 30kHz at full rated accuracy. The AD362KD is specified 
for operation over a 0 to +70 C temperature range while the 
AD362SD operates to specification from -55°C to +125°C. 
Processing to MIL-STD-883, Class B is available for the 
AD362SD. Both grades are packaged in a hermetic, elec- 
trostatically shielded 32-pin metal dual-in-line package. 
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AD362 FUNCTIONAL BLOCK DIAGRAM 
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32-PIN DIP 


PRODUCT HIGHLIGHTS 


1. 


2. 


3; 


4. 
5. 


6. A precision hold capacitor is provided with each AD362. 
. The AD362SD is specified over the entire military tem- 


The AD362, when used with a precision analog to digital 
converter, forms a complete, accurate, high-speed data 
acquisition system. 

The 16-input channels may be configured in single-ended, 
differential or a mixture of both modes. Mode switching is 
provided by a user-controllable internal analog switch. 
Multiplexers, differential amplifier, sample-and-hold.and 
high-speed output buffer provide complete analog inter- 
facing capabilities. 

Internal channel address latches are provided to facilitate. 
interfacing the AD362 to data, address or control buses. 
All grades of the AD362 are hermetically sealed in rugged 
metal DIP packages. 


perature range, -5 5°C to +125°C. Processing to MIL-STD- 
883, Class B is available. 
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SPECIFIC ATION S (typical | fade and +5V with 2000pF hold capacitor as provided 
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MODEL AD362KD AD362SD/AD362SD-883B 
ANALOG INPUTS 
Number of Inputs 16 Single-Ended or 8 Differential 
(Electronically Selectable) 
Input Voltage Range, Linear 
Train tO Tax +10V min c 
Input (Bias) Current, Per Channel +50nA max , 
Input Impedance | 
On Channel 10'°Q, 100pF * 
Off Channel 10'°Q, 10pF | . 
Input Fault Current (Power Off orOn) 20mA, max, Internally Limited . 
Common Mode Rejection 
Differential Mode 70dB min (80dB typ) @ 1kHz, 20V p-p “ 


Mux Crosstalk (Interchannel, 
Any Off Channel to Any On Channel) -80dB max (-90dB typ) @ 1kHz, 20V p-p_ * 


Offset, Channel to Channel: +2.5mV max * 
ACCURACY 
Gain Error, Tmin tO Tmax +0.02% FSR, max * 
Offset Error, Tmin tO Tmax’ +4mV * 
Linearity Error +0.005% max ? 
Tmin tO Tmax +0.01% max J 
Noise Error ImV p-p, 0.1 to 1MHz, max 
Tinin tO Tmax 2mV p-p, 0.1 to 1MHz, max * 
TEMPERATURE COEFFICIENTS 
Gain, Tmin to Tmax +4ppm/°C max +2ppm/°C max 
Offset, $10V Range, Tryin tO Tmax +2ppm/°C max +1.5ppm/°C max 
SAMPLE AND HOLD DYNAMICS | 
Aperture Delay 100ns max (5Ons typ) : 
Aperture Uncertainty 500ps max (100ps typ) : 
Acquisition Time, for 20V Step to 
+0.01% of Final Value 18us max (10us typ) . 
Feedthrough -70dB max (-80dB typ) @ 1kHz 
Droop Rate 2mV/ms max (1mV/ms typ) . 
DIGITAL INPUT SIGNALS? 
Input Channel Select (Pins 28-31) 4-Bit Binary, Channel Address . 
1LS TTL Load 
Channel Select Latch (Pin 32) “1”: Latch Transparent sg 
“0”: Latched . 
8LS TTL Loads bs 
Single Ended/Differential “0”: Single-Ended Mode = 
Mode Select (Pin 1) “1”: Differential Mode : 
3TTL Loads - 
Sample and Hold Command (Pin 13) “0”: Sample Mode : 
“1”: Hold Mode . 
1TTL Load J 
POWER REQUIREMENTS 
Supply Voltages/Currents +15V, 5% @ 30mA max * 
-15V, +5% @ 30mA max * 
+5V, +5% @ 40mA max * 
Total Power Dissipation 1.1 Watts max . 
TEMPERATURE RANGE 
Specification 0 to +70°C -55°C to +125°C 
Storage -55°C to +85°C? -55°C to +150°C 


NOTES: 
1 The AD362 is available processed and screened to the requirements of MIL-STD-883, Class B. 
When ordering, specify ‘‘AD362SD/883B”. 
? One TTL Load is defined as Iq, = -1.6mA max @ Vy = 0.4V, Ipy = 404A max @ Vy = 2.4V. 
One LS TTL Load is defined as Iq, = -0.36mA max @ Vy = 0.4V, Igy = 20HA max @ Vy = 2.7V. 
> AD362KD External Hold Capacitor is limited to +85°C; AD362 device itself may be stored at up to +150°C. 
*Specifications same as AD362KD. 
Specifications subject to change without notice, 
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: AD362 PIN FUNCTION DESCRIPTION 
ABSOLUTE MAXIMUM RATINGS 


(ALL MODELS) 
+V, Digital Supply +5.5V 
+V, Analog Supply +16V 


Function 


Single-End/Differential Mode Select 
“0”: Single-Ended Mode 
“1”: Differential Mode 
- Digital Ground 
_ Positive Digital Power Supply, +5V 
“High” Analog Input, Channel 7 
“High” Analog Input, Channel 6 
“High” Analog Input, Channel 5 
“High” Analog Input, Channel 4 


-V, Analog Supply -16V 
VIN, Signal +V, Analog Supply 


Vin, Digital 0 to +V, Digital Supply 
Acnp to Denp +1V 


AD362 ORDERING GUIDE 


Specification Max Gain Package é 
Model Temp Range TC Option! “High” Analog Input, Channel 3 
AD362KD 0 to +70°C +4ppm/°C HY32D ne pales ip Cheane 2 
AD362SD -55°C to +125°C +2ppm/°C HY32D High” Analog Input, Channel 1 
AD362SD/ -55°C to +125°C  +2ppm/°C HY 32D “High” Analog Input, Channel 0 
a) nn ee Hold Capacitor (Provided) 


Sample-Hold Command 

“0”: Sample Mode 

“1”: Hold Mode 

Normally Connected to ADC Status 
Offset Adjust (See Figure 5) 
Offset Adjust (See Figure 5) 
Analog Output 

Normally Connected to ADC 

“Analog In” 
Analog Ground 
“High” (‘Low’) Analog Input, Channel 15 (7) 
“High” (‘‘Low’’) Analog Input, Channel 14 (6) 
Negative Analog Power Supply, -15V 
Positive Analog Power Supply, +15V 
“High” (‘‘Low’’) Analog Input, Channel 13 (5) 
“High” (“Low”) Analog Input, Channel 12 (4) 
“High” (‘‘Low’’) Analog Input, Channel 11 (3) 
“High” (“Low”) Analog Input, Channel 10 (2) 
“High” (“‘Low’’) Analog Input, Channel . 9 (1) 
“High” (“‘Low’’) Analog Input, Channel 8 (0) 
Input Channel Select, Address Bit AE 
Input Channel Select, Address Bit AO 
Input Channel Select, Address Bit Al 
Input Channel Select, Address Bit A2 
Input Channel Select Latch 

“0”: Latched 

“1”: Latch Transparent 


NOTE: D Suffix = Dual-In-Line package designator. 
1 See Section 20 for package outline information. 
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AD362 DESIGN 

The AD362 consists of two 8-channel multiplexers, a differen- 
tial amplifier, a sample-and-hold with high-speed output buf- 
fer, channel address latches and control logic as shown in 
Figure 1. The multiplexers can be connected to the differential 
amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A unique feature of the AD362 is 
an internal analog switch controlled by a digital input that 
performs switching between single-ended and differential 
modes. This feature allows a single AD362 to perform in 
.either mode without external hard-wire interconnections. 

Of more significance is the ability to serve a mixture of both 
single-ended and differential sources with a single AD362 by 
dynamically switching the input mode control. 
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Figure 1. AD362 Analog Input Section Functional Block 
Diagram and Pinout 


Multiplexer channel address inputs are interfaced through a 
level-triggered (‘‘transparent’’) input register. With a Logic “1” 
at the Channel Select Latch input, the address signals feed 
through the register to directly select the appropriate input 
channel, This address information can be held in the register 
by placing a Logic ‘O” on the Channel Select Latch input. In- 
ternal logic monitors the status of the Single-Ended/Differential 
Mode input and addresses the multiplexers accordingly. 


A differential amplifier buffers the multiplexer outputs while 
providing high input impedance in both differential and-single- 
ended modes. Amplifier gain and common mode rejection are 
actively laser-trimmed. 


The sample-and-hold is a high speed monolithic device that can 
also function as a gated operational amplifier. Its uncommitted 
differential inputs allow it to serve a second role as the output 
subtractor in the differential amplifier. This eliminates one 
amplifier and decreases drift, settling ime and power consump- 
tion. A Logic “1” on the Sample-and-Hold Command input 
will cause the sample-and-hold to “freeze” the analog signal 
while the ADC performs the conversion. Normally the Sample- 
and-Hold Command is connected to the ADC Status output 
which is at Logic “‘1” during conversion and Logic ‘‘0”’ be- 
tween conversions. For slowly-changing inputs, throughput 
speed may be increased by grounding the Sample-and-Hold 
Command input instead of connecting it to the ADC status. 


A Polystyrene hold capacitor is provided with each commer- 
cial ternperature range device (AD362KD) while a Teflon ca- 
pacitor is provided with units intended for operation at tempera- 
tures up to 125°C (AD362SD). Use of an external Capacitor 
allows the user to make his own speed/accuracy tradeoff; a 
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smaller capacitor will allow faster sample-and-hold response 
but will decrease accuracy while a larger capacitor will in- 
crease accuracy at slower conversion rates. 


The output buffer is a high speed amplifier whose output 
impedance remains low and constant at high frequencies. 
Therefore, the AD362 may drive a fast, unbuffered, precision 
ADC without loss of accuracy. 


The AD362 is constructed on a substrate that includes thick- 
film resistors for non-critical applications such as input pro- 
tection and biasing. A separately-mounted laser-trimmed thin- 
film resistor network is used to establish accurate gain and 
high common-mode rejection. The metal package affords 
electromagnetic and electrostatic shielding and is hermetically 
welded at low temperatures. Welding eliminates the possibility 
of contamination from solder particles or flux while low tem- 
perature sealing maintains the accuracy of the laser-trimmed 
thin-film resistors. 


THEORY OF OPERATION 

Concept 

The AD362 is intended to be used in conjunction with a high- 
speed precision analog-to-digital converter to form a complete 
data acquisition system (DAS) in microcircuit form. Figure 2 
shows a general AD362-with-ADC DAS application. 
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Figure 2. AD362 with ADC as a Complete Data Acquisition 
System 


By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design 
is optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, the standard 
configuration packages plug into standard sockets and are 
easier to handle than larger packages with higher pin counts. 


System Timing 
Figure 3 is a timing diagram for the AD362 connected as 


shown in Figure 2 and operating at maximum conversion rate. 
The ADC is assumed to be a conventional 12 bit type such as 
the peaee or AD ADC80. 
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Figure 3. DAS Timing Diagram 


_ | | | _ | Applying the AD362 


The normal sequence of events is as follows: 

1. The appropriate Channel Select Address is latched into the 
address register. Time is allowed for the multiplexers to 
settle. ) 


2. A Convert Start command is issued to the ADC which, in 
response, indicates that it is “busy” by placing a Logic “1” 
on its Status line. 


3. The ADC Status controls the sample-and-hold. When the 
ADC is “‘busy’’, the sample-and-hold is in the Hold mode. 


4. The ADC goes into its conversion routine. Since the sample- 
and-hold is holding the proper analog value, the address 
may be updated during conversion. Thus multiplexer set- 
tling time can coincide with conversion and need not affect 
throughput rate. 


5. The ADC indicates completion of its conversion by return- 
ing Status to Logic “0”. The sample-and-hold returns to 
the Sample mode. 


6. If the input signal has changed full-scale (different channels 
may have widely-varying data) the sample-and-hold will 
typically require 10 microseconds to “‘acquire”’ the next 
input to sufficient accuracy for 12-bit conversion. 


After allowing a suitable interval for the sample-and-hold to 
stabilize at its new value, another Convert Start command may 
be issued to the ADC. 
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NOTE: 


Valid Output Data 

Not all ADCs have all data bits available when Status indicates 

that the conversion is complete. Successive approximation 

ADCs based on the 2502/3/4 type of register must have a Status 

delay built in or the final data bit will lag Status by approx- 

imately 50ns. This will result in two problems: 

1. The sample-and-hold will return to Sample, disturbing the 
analog input to the ADC as it is attempting to convert the 
least significant bit. This may result in an error. 

2. If the falling edge of Status is being used to load the data 
into a register, the least significant bit will not be valid 
when loaded. 


An external 100ns delay or use of an ADC with a valid Status 
output is necessary to prevent this problem. The applications 
shown in this data sheet ensure that all data bits will be valid. 


The following test may be made to determine if the ADC 
Status timing is correct: 
1. Connect the ADC under test as shown in Figure 4. 


2. Trigger the oscilloscope on Status. Delay the display such 
that Status is mid-screen. 


3. Observe the LSB data output of the ADC. 


4. Vary the analog input control to confirm that the LSB 
transition precedes the Status transition. 


Single-Ended/Differential Mode Control 
The AD362 features an internal analog switch that configures 


the Analog Input Section in either a 16-channel single-ended 
or 8-channel differential mode. This switch is controlled by a 
TTL logic input applied to pin 1 of the Analog Input Section: 


“0”: Single-Ended (16 channels) 
“1”: Differential (8 channels) 


When in the differential mode, a differential source may be 
applied between corresponding ‘“‘High”’ and “Low” analog 
input channels. 


It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. In this case, four 
microseconds must be allowed for the output of the Analog 
Input Section to settle to within +0.01% of its final value, but - 
if the mode is switched concurrent with changing the channel 
address, no significant additional delay is introduced. The 
effect of this delay may be eliminated by changing modes 
while a conversion is in progress (with the sample-and-hold 

in the “‘Hold’’ mode). When SE and DIFF signals are being 
processed concurrently, the DIFF signals must be applied 
between corresponding “‘High” and ‘‘Low”’ analog input chan- 
nels. Another application of this feature is the capability of 
measuring 16 sources individually and/or measuring differences 
between pairs of those sources. 


Input Channel Addressing 
Table 1 is the truth table for input channel addressing in both 


the single-ended and differential modes. The 16 single-ended 
channels may be addressed by applying the corresponding 
digital number to the four Input Channel Select address bits, 
AE, AO, Al, A2 (pins 28—31). In the differential mode, the 
eight channels are addressed by applying the appropriate | 
digital code to AO, Al and A2; AE must be enabled with a 
Logic “‘1’’. Internal logic monitors the status of the SE/DIFF 
Mode input and addresses the multiplexers singularly or in 
pairs as required. 
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Table 1. Input Channel Addressing Truth Table _ 
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When the channel address is changed, six microseconds must 
be allowed for the Analog Input Section to settle to within 
+0.01% of its final output (including settling times of all 
elements in the signal path). The effect of this delay may be 
eliminated by performing the address change while a conver- 
sion is in progress (with the sample-and-hold in the “‘Hold” 
mode). 


Input Channel Address Latch , 
The AD362 is equipped with a latch for the Input Channel 


Select address bits. If the Latch Control pin (pin 32) is at 
Logic “1”, input channel select address information is passed 

_through to the multiplexers. A Logic “0” “freezes” the input 
channel address present at the inputs at the “1’’-to-“‘0” tran- 
sition (level-triggered). 


This feature is useful when input channel address information 
is provided from an address, data or contro! bus that may be 
required to service many devices. The ability to latch an 
address is helpful whenever the user has no control of when 
address information may change. 


Sample-and-Hold Mode Control 
The Sample-and-Hold Mode Control input (pin 13) is normally 


connected to the Status output (pin 20) from an analog to 
digital converter. When a conversion is initiated by applying a 
Convert Start command to the ADC, Status goés to Logic “1”, 
putting the sample-and-hold into the “‘Hold”’ mode. This 
“freezes” the information to be digitized for the period of 
conversion. When the conversion is complete, Status returns 
to Logic “O”’ and the sample-and-hold returns to the ‘‘Sample”’ 
mode. Eighteen microseconds must be allowed for the sample- 
and-hold to acquire (“catch up” to) the analog input to within 
+0.01% of the final value before a new Convert Start com- 
mand is issued. 


The purpose of a sample-and-hold is to “stop” fast changing ~ 
input signals long enough to be converted. In this application, 
it also allows the user to change channels and/or SE/ DIFF 
mode while a conversion is in progress thus eliminating the 
effects of multiplexer, analog switch and differential amplifier 
settling times. If maximum throughput rate is required for 
slowly changing signals, the Sample-and-Hold Mode Control 
may be wired to ground (Logic “O”’) rather than to ADC 
Status thus leaving the sample-and-hold in a continuous 
Sample mode. 


Hold Capacitor 
A 2000pF capacitor is provided with each AD362. One side 


of this capacitor is wired to pin 12, the other to analog ground 
as close to pin 17 as possible. The capacitor provided with the 
AD362KD is Polystyrene while the wider operating temperature 
range of the AD362SD requires a Teflon capacitor (supplied). 


Smaller capacitors will allow slightly faster operation, but only 
with increased noise and decreased precision, 1000pF will 
typically allow acquisition to 0.1% in four microseconds. 


Larger capacitors may be substituted to reduce noise, and 
sample-to-hold offset, but acquisition time of the sample-and- 
hold will be extended. If less than 12 bits of accuracy is re- 
quired, a smaller capacitor may be used. This will shorten the 
S/H acquisition time. In all cases, the proper capacitor die- 
lectric must be used; i.e., Polystyrene (AD326KD only) or 
Teflon (AD362KD or SD). Other types of capacitors may 
have higher dielectric absorption (memory) and will cause 
errors. CAUTION: Polystyrene capacitors will be destroyed 
if subjected to temperatures above +85°C. No capacitor is 
required if the sample-and-hold is not used. 
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Analog Input Section Offset Adjust Circuit 
Although the offset voltage of the AD362 may be adjusted, 


that adjustment is normally performed at the ADC. In some 
special applications, however, it may be helpful to adjust the 
offset of the Analog Input Section. An example of such a case 
would be if the input signals were small (<10mV) relative to 
AD362 voltage offset and gain was to be inserted between the 
AD362 and the ADC. To adjust the offset of the AD362, the 
circuit shown in Figure 5 is recommended. 
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Figure 5. AD362 Offset Voltage Adjustment 


Under normal conditions, all calibration is performed at the 
ADC Section. 


Other Considerations 


Grounding: Analog and digital signal grounds should be kept 
separate where possible to prevent digital signals from flowing 
in the analog ground circuit and inducing spurious analog sig- 
nal noise. Analog Ground (pin 17) and Digital Ground (pin 2) 
are not connected internally; these pins must be connected 
externally for the system to operate properly. Preferably, this 
connection is made at only one point, as close to the AD362 
as possible. The case is connected internally to Digital Ground 
to provide good electrostatic shielding. If the grounds are not 
tied common on the same card with the AD362, the digital 
and analog grounds should be connected locally with back-to- 
back general-purpose diodes as shown in Figure 6. This will 
protect the AD362 from possible damage caused by voltages 
in excess of +1 volt between the ground systems which could 
occur if the key grounding card should be removed from the 
overall system. The device will operate properly with as much 
as £200mV between grounds, however this difference will be 
reflected directly as an input offset voltage. 
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Figure 6. Ground-Fault Protection Diodes 


Power Supply Bypassing: The +15 V and +5V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. 1uF 
tantalum types are recommended; these capacitors should be 
located close to the system. It is not necessary to shunt these 
capacitors with disc capacitors to provide additional high 
frequency power supply decoupling since each power lead is 
bypassed internally with a 0.039uF ceramic capacitor. 


Interfacing to Popular Analog to Digital Converters 

The AD362 has been designed to interface directly to most 
analog to digital converters; often no additional components 
are required and only two interconnections must be made. 
The direct interface requirements for the ADC are as follows: 


1. The ADC Status output must be positive-true Logic (“1” 
during conversion). 

2. Transition from ‘‘0” to “1”’ must occur at least 200ns 
before the most significant bit decision is made (successive 

‘ approximation ADC) or before input integration starts 

(integrating type ADC). 

3. Status must not return to “0” before the LSB decision is 
made. 

4. If Status is being used to latch output data, it must not 
return to Logic ‘‘0” until all output data bits are valid and 
available. 


Complete system throughput performance is determined by 
combining the worst-case specifications of the AD362 and the 
_ ADC. If guaranteed system. performance is required, the 
AD363 and AD364 are recommended. The AD363 includes 
an AD362 and an AD572 12-bit, 25-microsecond precision 
ADC. The AD364 consists of an AD362 and an AD574 12-bit, 
microprocessor-compatible, low cost ADC. Each is specified 
as a complete, two-package system; data sheets are available 
upon request. 
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a. 12-Bit DAS Using AD362 and AD ADC80 


Figure 7a shows the AD362 driving an AD ADC80. The 
AD ADC80 is a 12-bit, 25-microsecond, low-cost ADC that 
meets all of the requirements listed above. Throughput rate 
is typically 30kHz with no missing codes over the operating 
temperature range. | 


Figure 7b shows a 10-bit application based on the AD362 and — 


the AD571, a complete low cost 10-bit, 25-microsecond ADC. 
In this case, two of the above requirements are not met: 


1. DR (DATA READY), as Status, is positive-true but. . . 

2. DR does not indicate that a conversion is in progress until 
1.5us after conversion starts. 

3. DR does indicate conversion complete after the LSB deci- 
sion is made, but... 

4. DR precedes the enabling of the AD571 output 3-state 
gates by 500ns. 


The gating provided by U1 allows the applied convert com- 
mand (CC) to initiate input hold at the AD362. CC must last 
for more than 1.5us so that DR may then assume control 

of Hold. If conversion is continuous (consistent with multi- 
channel operation), the next convert command can be used to 
load the previously-converted data into an output register. For 
single conversion operation, a lus delay of the falling edge of 
DR may be used to signify valid data. 
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b. 10-Bit DAS Using AD362 and AD571 


Figure 7. Data Acquisition Systems Based on the AD362 and Popular ADC's 
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Interfacing to Special‘Purpose ADCs 
The AD5200 series of ADCs perform a 12-bit conversion in 50 


microseconds and feature totally adjustment-free operation, 
high accuracy, and a small hermetically-sealed 24-pin package. 


These ADCs are often used in high-reliability applications 
and, like the AD362SD (which operates over the -55 °C to 
+125°C temperature range) are available processed to MIL- 
STD-883, Class B. The AD5200 series meets all of the inter- 
facing requirements for direct connection to the AD362 as 
shown in Figure 8a, System throughput rate is typically 16kHz. 
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a. 12-Bit High Accuracy and Reliability DAS Using 
AD362 and AD5200 


The HAS series of ultra-fast ADCs are 8-bit (HAS0801), 10- 
bit (HAS1001) and 12-bit (HAS1202) devices that convert in 
1.5, 1.7, and 2.8 microseconds (maximum) respectively. These 
devices are hybrid IC’s, packaged in 32-pin DIPs. Since the 
Data Ready signal from the HAS precedes the LSB decision, 
DR must be delayed. Figure 8b shows the appropriate cir- 
cuitry to provide that delay. Throughput rate for the 12-bit 


" system is typically 80kHz. 
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Figure 8. Data Acquisition Systems Based on the AD362 and Purpose ADCs 


CAPACITOR OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 


HOLD CAPACITOR 
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*THIS DIMENSION IS FOR POLYSTYRENE CAPACITOR 
SUPPLIED WITH AD362KD 


MAX BODY LENGTH OF TEFLON CAPACITOR SUPPLIED 
WITH AD362SD IS 1.00”. 


* 


0.69 (17.5) 
MAX 


1.00 (25.4) 
MIN 
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DEVICES 


ANALOG Complete 16-Channel 12-Bit Integrated 
Circuit Data Acquisition System 


FEATURES 
Versatility 
Complete System in Reliable IC Form 
Small Size 
~ 16 Single-Ended or 8 Differential Channels with 
Switchable Mode Control 
Military/Aerospace Temperature Range: -55 °C to 
+125°C (AD363S) MIL-STD-883B Processing 
Available 
Versatile Input/Output/Control Format 
Short-Cycle Capability 
Performance 
True 12-Bit Operation: Nonlinearity <+0.012% 
Guaranteed No Missing Codes Over Temperature Range 
High Throughput Rate: 30kHz 
Low Power: 1.7W 
Value 
Complete: No Additional Parts Required 
Reliable: Hybrid IC Construction, Hermetically Sealed. 
All Inputs Fully Protected 
Precision +10.0 +0.005 Volt Reference for External 
Application 
Fast Precision Buffer Amplifier for External Application 
Low Cost 


PRODUCT DESCRIPTION 

The AD363 is a complete 16 channel, 12-bit data acquisition 
system in integrated circuit form. By applying large-scale linear 
and digital integrated circuitry, thick and thin film hybrid tech- 
nology and active laser trimming, the AD363 equals or exceeds 
the performance and versatility of previous modular designs. 


The AD363 consists of two separate functional blocks, Each 
in hermetically-sealed 32 pin dual-in-line packages. The analog 
input section contains two eight-channel multiplexers, a dif- 
ferential amplifier, a sample-and-hold, a channel address regis- 
ter and control logic. The multiplexers may be connected to 
the differential amplifier in either an 8-channel differential 

or 16-channel single-ended configuration. A unique feature 
of the AD363 is an internal user-controllable analog switch 
that connects the multiplexers in either a single-ended or dif- 
ferential mode. This allows a single device to perform in either 
mode without hard-wire programming and permits a mixture 
of single-ended and differential sources to be interfaced to an 
AD363 by dynamically switching the input mode control. 


-AD363 FUNCTIONAL BLOCK DIAGRAM 


OC POWER 
(215V, +5V) 


AD363 
. AD363 ANALOG TO-DIGITAL ApPRCHTROATION 
CONVERTER REGISTER 


“HIGH” HOLD 
oOo“ 


ANALOG ANALOG 
OuT IN 

DIGITAL 
B7 OATA 
ouT, 

BUFFER IN 


BUFFER OUT 


SAMPLE/HOLD 


AE A2 Al AO CHANNEL SINGLE-END/ 
SELECT DIFFERENTIAL 
LATCH MODE SELECT 


CONVERT START 
INPUT CHANNEL 
SELECT 


TWO-32 PIN DIPS 


The Analog-to-Digital Converter Section contains a complete 
12-bit successive approximation analog-to-digital converter, 


including internal clock, precision 10 volt reference, compara- 


tor, buffer amplifier and a proprietary-design 12-bit D/A con- 
verter. Active laser trimming of the reference and D/A conver- 
ter results in maximum linearity errors of +0.012% while per- 
forming a.12-bit conversion in 25 microseconds. 


Analog input voltage ranges of +2.5, +5.0, +10, 0 to +5 and 

0 to +10 volts are user-selectable. Adding flexibility and value 
are the precision 10 volt reference (active-trimmed to a toler- 
ance of +5mV) and the internal buffer amplifier, both of which 
may be used for external applications. All digital signals are 
TTL/DTL compatible and output data is positive-true in paral- 
lel and serial form. | 


System throughput rate is as high as 30kHz at full rated ac- 
curacy. The AD363K is specified for operation over a 0 to 
+70°C temperature range while the AD363S operates to speci- 
fication from -55°C to +125°C. Processing to MIL-STD-883B 
is available for the AD363S. Both device grades are guaranteed 
to have no missing codes over their specified temperature 
ranges. 


¢ 
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SPECIFICATIONS —_ a a 2000pF hold capacitor as provided unless otherwise noted) 


MODEL AD363K AD363S. 
ANALOG INPUTS a 
Number of Inputs ; 16 Single-Ended or 8 Differential 
(Electronically Selectable) ‘> 
Input Voltage Ranges 
Bipolar | +2.5V, +5.0V, +10.0V 
Unipolar | 0 to +5V, 0 to +10V . 
Input.(Bias) Current, Per Channel +50nA max ; : 
Input Impedance 
On Channel 10'°, 100pF * 
Off Channel 10'°Q, 10pF : 


Input Fault Current (Power Off orOn) 20mA, max, Internally Limited 
Common Mode Rejection. 

Differential Mode 70dB min (80dB typ) @ 1kHz, 20V p-p * 
Mux Crosstalk (Interchannel, 

Any Off Channel to Any On Channel) -80dB max (-90dB typ) @ 1kHz, 20V p-p 


RESOLUTION (12 BITS 
ACCURACY 
Gain Error! +0.05% FSR (Adj. to Zero) ‘ 
Unipolar Offset Error | ~  £10mV (Adj to Zero) * 
Bipolar Offset Error +20mV (Adj to Zero) 2 
Linearity Error +%LSB max , 
Differential Linearity Error +1LSB max (+%LSB typ) ‘ 
Relative Accuracy +0.025% FSR a 
Noise Error ImV p-p, 0 to 1MHz . 
TEMPERATURE COEFFICIENTS 
Gain £30ppm/° C max (+10ppm/" C typ) +25ppm/°C max (+15ppm/°C typ) 
Offset, +10V Range +10ppm/°C max (+5ppm/°C typ) +8ppm/°C max (+5ppm/°C typ) 
Differential Linearity No Missing Codes Over Temperature 
Range . 
SIGNAL DYNAMICS 
Conversion Time? 25us max (22us typ) - 
Throughput Rate, Full Rated ay 25kHz min (30kHz typ) 
Sample and Hold 
Aperture Delay 100ns max (5Ons typ) 
Aperture Uncertainty | 500ps max (100ps typ) | 
Acquisition Time 
To +0.01% of Final Value 18us max (10ys, typ) ™ 
for Full Scale Step 
Feedthrough -70dB max (-80dB typ) @ 1kHz . 
Droop Rate 2mV/ms max (1mV/ms typ) ‘ 


DIGITAL INPUT SIGNALS? 
Convert Command (to ADC Section, 
Pin 21) Positive Pulse, 200ns min Width. Leading 
Edge (‘‘0” to “1”’) Resets Register, 
Trailing Edge (‘‘1” to ‘‘O”) Starts Con- 
version. : 
1TTL Load * 


Input Channel Select (To Analog 


Input Section, Pins 28-31) 4 Bit Binary, Channel Address. 
1LS TTL Load 


Channel Select Latch (To Analog 


Input Section, Pin 32) “1”? Latch Transparent if 
“0” Latched | | * 
4LS TTL Loads ig 


‘ 
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AD363S 


MODEL AD363K = 
DIGITAL INPUT SIGNALS, cont. . 
Sample-Hold Command (To Analog 
Input Section Pin 13 Normally “0” Sample Mode : 
Connected To ADC “Status”, “1”? Hold Mode ui 
Pin 20) 2LS TTL Loads . 
Short Cycle (To ADC Section Pin 14) Connect to +5V for 12 Bits Resolution. zi 
Connect to Output Bit n + 1 For n Bits 
Resolution. . 
1TTL Load - 
Single Ended/Differential Mode Select 
(To Analog Input Section, Pin 1) “0”: Single-Ended Mode 
“1”: Differential Mode 
3TTL Loads - 
DIGITAL OUTPUT SIGNALS? 
(All Codes Positive True) 
Parallel Data 
Unipolar Code Binary ; 
Bipolar Code Offset Binary/Two’s Complement ‘ 
Output Drive 2TTL Loads : 
Serial Data (NRZ Format) 
Unipolar Code Binary : 
Bipolar Code Offset Binary i 
Output Drive 2TTL Loads : 
Status (Status) Logic “‘1” (“0”) During Conversion + 
Output Drive 2TTL Loads | ‘ 
Internal Clock 
Output Drive 2TTL Loads . 
Frequency 500kHz . 
INTERNAL REFERENCE VOLTAGE +10,00V, +10mV . 
Max External Current +1imA ‘ 
Voltage Temp. Coefficient +20ppm/°C, max : 
POWER REQUIREMENTS 
Supply Voltages/Currents +15V, 5% @ +45mA max (+38mA typ) = 
-15V, +5% @ -45mA max (-38mA typ) . 
+5V, 5% @ +136mA max (+113mAtyp) * 
* 


Total Power Dissipation 


TEMPERATURE RANGE 
Specification 
Storage 


NOTES: 


2 watts max (1.7 watts typ) 


0 to +70°C 
~55°C to +85°C* 


-55°C to +125°C 
-55°Cto +150°C 


* With 502, 1% fixed resistor in place of Gain Adjust pot; see Figures 7 and 8, 


2 Conversion time of ADC Section. 


*One TTL Load is defined as, = -1.6mA max @ Vy, = 0.4V, yy = 40uA max @ Vy zy = 2.4V. 
One LS TTL Load is defined as ly, = -0.36mA max @ Vy, = 0.4V, Ipy = 20UA max @ Vyy = 2.7V. P 
* AD 363K External Hold Capacitor is limited to +85°C; Analog Input Section and ADC Section may be stored at up to +150°C, 


*Specifications same as AD363K. 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 
(ALL MODELS) 


+V, Digital Supply 
+V, Analog Supply 


~V, Analog Supply 


VIN; Signal 
Vin, Digital 
AGND to Dgnp 


+5.5V 

+16V 

-16V 

+V, Analog Supply 

0 to +V, Digital Supply 
+1V 
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ae PIN FUNCTION DESCRIPTION 


ANALOG INPUT SECTION ANALOG TO DIGITAL CONVERTER SECTION 


ene Function Ses Function 


Single-End/Differential Mode Select 
“0”’: Single-Ended Mode 
‘1”: Differential Mode 
Digital Ground 
Positive Digital Power Supply, +5V 
“High” Analog Input, Channel 7 
“High” Analog Input, Channel 6 
“High” Analog Input, Channel 5 
“High” Analog Input, Channel 4 
“High” Analog Input, Channel 3 
“High” Analog Input, Channel 2 
_““High’’ Analog Input, Channel 1 
“High” Analog Input, Channel 0 Data Bit 1 (MSB) Out 
Hold Capacitor (Provided, See Figure 1) Short Cycle Control 
Sample-Hold Command Connect to +5V for 12 Bits 
“0”: Sample Mode Connect to Bit (n+1) Out for n Bits 
1”: Hold Mode Digital Ground 
Normally Connected to ADC Pin 20 Positive Digital Power Supply, +5V 
Offset Adjust (See Figure 6) Status Out 
Offset Adjust (See Figure 6) ‘O”’: Conversion in Progress 
Analog Output . (Parallel Data Not Valid) 
Normally Connected to ADC “1”: Conversion Complete 
‘Analog In” (See Figure 1) (Parallel Data Valid) 
Analog Ground +10Volt Reference Out (See Figures 3, 7, 8, 11) 
“High” (“Low”) Analog Input, Channel 15 (7) Clock Out (Runs During Conversion) | 
“High” (“Low”) Analog Input, Channel 14 (6) Status Out 
Negative Analog Power Supply, -15V “0”: Conversion Complete 
Positive Analog Power Supply, +15V (Parallel Data Valid) 
“High” (“‘Low’’) Analog Input, Channel 13 (5) | “1”: Conversion in Progress 
“High” (‘‘Low”) Analog Input, Channel 12 (4) (Parallel Data Not Valid) 
“High” (‘‘Low”’) Analog Input, Channel 11 (3) Convert Start In 
“High” (“Low’’) Analog Input, Channel 10 (2) Reset Logic: __§_f 
“High” (‘‘Low”) Analog Input, Channel 9 (1) Start Convert: WYWi_ 
“High” (““Low’’) Analog Input, Channel 8 (0) Comparator In (See Figures 3, 7, 8) 
Input Channel Select, Address Bit AE Bipolar Offset 
Input Channel Select, Address Bit AO Open for Unipolar Inputs 
Input Channel Select, Address Bit Al Connect to ADC Pin 22 for 
Input Channel Select, Address Bit A2 Bipolar Inputs 
Input Channel Select Latch (See Figure 8) 
*O”’: Latched 10V Span R In (See Figure 7) 
“1”: Latch “Transparent” 20V Span R In (See Figure 8) 
Analog Ground 
' Gain Adjust (See Figures 7 and 8) 
Positive Analog Power Supply, +15V 
Buffer Out (For External Use) 
Buffer In (For External Use) 
Negative Analog Power Supply, -15V 
Serial Data Out 


Each Bit Valid On Trailing (— W_) 
Edge Clock Out, ADC Pin 19 


Data Bit 12 (Least Significant Bit) Out 
Data Bit 11 

Data Bit 10 

Data Bit 9 
Data Bit 8 
Data Bit 7 
Data Bit 6 
Data Bit 5 
Data Bit 4 
Data Bit 3 
Data Bit 2 

Data Bit 1 (Most Significant Bit) Out 
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AD363 Description 


AD363 DESIGN 


Concept 
The AD363 consists of two separate functional blocks as 
shown in Figure 1. 
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Figure 1. AD363 Functional Block Diagram 


The Analog Input Section contains multiplexers, a differential 
amplifier, a sample-and-hold, a channel address register and 
control logic. Analog-to-digital conversion is provided by a 

12 bit, 25 microsecond ‘‘ADC”’ which is also available separate- 
ly as the AD572. 


By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design 
is optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, the standard 
configuration 32 pin packages plug into standard sockets and 
are easier to handle than larger packages with higher pin 
counts. 


Analog Input Section Design 


Figure 2 is a block diagram of the AD363 Analog Input Section 
(AIS). 
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Figure 2. AD363 Analog Input Section Functional Block 
Diagram and Pinout 


SINGLE-END/DIF FERENTIAL 


The AIS consists of two 8-channel multiplexers, a differential 
amplifier, a sample-and-hold, channel address latches and con- 
trol logic. The multiplexers can be connected to the differen- 
tial amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A unique feature of the AD363 is 
an internal analog switch controlled by a digital input that 
performs switching between single-ended and differential 
modes. This feature allows a single product to perform in 
either mode without external hard-wire interconnections. Of 
more significance is the ability to serve a mixture of both 
single-ended and differential sources with a single AD363 by 
dynamically switching the input mode control. 


Multiplexer channel address inputs are interfaced through a 
level-triggered (‘‘transparent’’) input register. With a Logic “1” 
at the Channel Select Latch input, the address signals feed 
through the register to directly select the appropriate input 
channel. This address information can be held in the register 
by placing a Logic “0” on the Channel Select Latch input. In- 
ternal logic monitors the status of the Single-Ended/Differential 
Mode input and addresses the multiplexers accordingly. 


A differential amplifier buffers the multiplexer outputs while 
providing high input impedance in both differential and-single- 
ended modes. Amplifier gain and common mode rejection are 
actively laser-trimmed. 


The sample-and-hold is a high speed monolithic device that can 
also function as a gated operational amplifier. Its uncommitted 
differential inputs allow it to serve a second role as the output 
subtractor in the differential amplifier. This eliminates one 
amplifier and decreases drift, settling time and power consump- 
tion. A Logic “1” on the Sample-and-Hold Command input 
will cause the sample-and-hold to “‘freeze”’ the analog signal 
while the ADC performs the conversion. Normally the Sample- 
and-Hold Command is connected to the ADC Status output 
which is at Logic ‘‘1” during conversion and Logic ‘‘O” be- 
tween conversions. For slowly-changing inputs, throughput 
speed may be increased by grounding the Sample-and-Hold 
Command input instead of connecting it to the ADC status. 


A Polystyrene hold capacitor is provided with each commer- 
cial temperature range system (AD363K) while a Teflon capaci- 
tor 1s provided with units intended for operation at tempera- 
tures up to 125°C (AD363S). Use of an external capacitor. 
allows the user to make his own speed/accuracy tradeoff; a 
smaller capacitor will allow faster sample-and-hold response 
but will decrease accuracy while a larger capacitor will in- 
crease accuracy at slower conversion rates. 


The Analog Input Section is constructed on a substrate that 
includes thick-film resistors for non-critical applications such 
as input protection and biasing. A separately-mounted laser- 
trimmed thin-film resistor network is used to establish accurate 
gain and high common-mode rejection, 
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Analog-to-Digital Convert r Design n 


Figure 3 is a block diagram of the Analog-to-Digital Converter 
Section (ADC) of the AD363. 
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Figure 3. AD363 ADC Section (AD572) Functional 
Diagram and Pinout 


Available separately as the AD572, the ADC is a 12-bit, 25 
microsecond device that includes an internal clock, reference, 
comparator and buffer amplifier. 


The +10V reference is derived from a low T.C. zener reference 
- diode which has its zener voltage amplified and buffered by an 

op amp. The reference voltage is calibrated to +10V, +10mV 

by active laser-trimming of the thin-film resistors which de- 

termine the closed-loop gain of the op amp. 1mA of current 

is available for external use. 


The DAC chip uses 12 precision, high speed bipolar current 
steering switches, control amplifier and a laser-trimmed thin 
film resistor network to produce a very fast, high accuracy 
analog output current, This ladder network is active laser- 
trimmed to calibrate all bit ratio scale factors to a precision of 
0.005% of FSR (full-scale range) to guarantee no missing 
codes over the operating temperature range. The design of the 
ADC includes scaling resistors that provide user-selectable 
analog input signal ranges of $2.5, +5, +10, O to +5, or 0 to 
+10 volts. 


Other useful features include true binary output for unipolar 
inputs, offset binary and two’s complement output for bipolar 
inputs, serial output, short-cycle capability for lower resolu- 
tion, higher speed measurements, and an available high input im- 
pedance buffer amplifier which may be used elsewhere in 

the system. | 
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- THEORY OF OPERATION 


System Timing 
Figure 4 is a timing diagram for the AD363 connected as shown 
shown in Figure 1 and operating at maximum conversion rate. 
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Figure 4. AD363 Timing Diagram 


The normal sequence of events is as follows: 

1. The appropriate Channel Select Address is latched into the 
address register. Time is allowed for the multiplexers to 
settle. 

2. A Convert Start command is issued to the ADC which 
indicates that it is “‘busy”’ by placing a Logic “1” on its 
Status line. 

3. The ADC Status controls the sample-and-hold. When the 
ADC is “busy” the sample-and-hold is in the hold mode. 


4. The ADC goes into its 25 microsecond conversion routine. 
‘Since the sample-and-hold is holding the proper analog 
value, the address may be updated during conversion. Thus 
multiplexer settling time can coincide with conversion and 
need not effect throughput rate. 

5. The ADC indicates completion of its conversion by return- 
ing Status to Logic “O”. The sample-and-hold returns to 
the sample mode. 

6. If the input signal has changed full-scale (different channels 
may have widely-varying data) the sample-and-hold will. 
typically require 10 microseconds to “‘acquire’’ the next in- 
put to sufficient accuracy for 12-bit conversion. 


_ After allowing a suitable interval for the sample-and-hold to 


stabilize at its new value, another Convert Start command may 
be issued to the ADC. 


ADC Operation 


On receipt of a Convert Start command, the analog-to-digital 
converter converts the voltage at its analog input into an 
equivalent 12-bit binary number. This conversion is accom- 
plished as follows: | 


The 12-bit successive-approximation register (SAR) has its 
12-bit outputs connected both to the respective device bit 
output pins and to the corresponding bit inputs of the 
feedback DAC. 


The analog input is successively compared to the feedback 
DAC output, one bit at a time (MSB first, LSB last). The de- 
cision to keep or reject each bit is then made at the comple- 
tion of each bit comparison period, depending on the state of 
the comparator at that time. 
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Figure 5. ADC Timing Diagram (Binary Code 110101011007) 


The timing diagram is shown in Figure 5. Receipt of a Convert 
Start signal sets the Status flag, indicating conversion in prog- 
ress. This, in turn, removes the inhibit applied to the gated 
clock, permitting it to run through 13 cycles. All SAR parallel 
bit and Status flip-flops are initialized on the leading edge, and 
the gated clock inhibit signal removed on the trailing edge of 
the Convert Start signal. At time tO, B1 is reset and B2-B12 
are set unconditionally. At t1 the Bit 1 decision is made (keep) 
and Bit 2 is unconditionally reset. At t2, the Bit 2 decision is 
made (keep) and Bit 3 is reset unconditionally. This sequence 
continues until the Bit 12 (LSB) decision (keep) is made at 
t12. After 100ns delay period, the Status flag is reset, indi- 
cating that the conversion is complete and that the parallel 
Output data is valid. Resetting the Status flag restores the gated 
clock inhibit signal, forcing the clock output to the Logic 

““O”’ state. 


Corresponding serial and parallel data bits become valid on the 
same positive-going clock edge. Serial data does not change and 
is guaranteed valid on negative-going clock edges, however; 
serial data can be transferred quite simply by clocking it into 

a receiving shift register on these edges. 


Incorporation of the 100ns delay period guarantees that the 
parallel (and serial) data are valid at the Logic “1” to “0” 
transition of the Status flag, permitting parallel data transfer 
to be initiated by the trailing edge of the Status signal. 


“Applying the AD363- 


The versatility and completeness of the AD363 concept results 
in a large number of user-selectable configurations. This allows 
optimization of most systems applications. 


Single-Ended/Differential Mode Control 

The 363 features an internal analog switch that configures the 
Analog Input Section in either a 16-channel single-ended or 8- 
channel differential mode. This switch is controlled by a TTL 
logic input applied to pin 1 of the Analog Input Section: 


“QO”: Single-Ended (16 channels) 
see leas Differential (8 channels) 


When in the differential mode, a differential source may be 
applied between corresponding ‘‘High” and ‘‘Low” analog 
input channels. 


It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. Figure 11 illus- 
trates an example of a “mixed” application. In this case, four 
microseconds must be allowed for the output of the Analog 
Input Section to settle to within +0.01% of its final value, but 
if the mode is switched concurrent with changing the channel 
address, no significant additional delay is introduced. The 
effect of this delay may be eliminated by changing modes 
while a conversion is in progress (with the sample-and-hold in 
the “hold mode’’). When SE and DIFF signals are being 
processed concurrently, the DIFF signals must be applied 
between corresponding ‘“‘High” and ‘‘Low” analog input chan- 
nels. Another application of this feature is the capability of 
measuring 16 sources individually and/or measuring differences 
between pairs of those sources. 


Input Channel Addressing 


Table 1 is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16 single-ended 
channels may be addressed by applying the corresponding 
digital number to the four Input Channel Select address bits, 
AE, AO, Al, A2 (Analog Input Section, pins 28—31). In the 
differential mode, the eight channels are addressed by applying 
the appropriate digital code to AO, Al and A2; AE must be 
enabled with a Logic ‘‘1”’. Internal logic monitors the status 

of the SE/DIFF Mode input and addresses the multiplexes 
singly or in pairs as required. 


ADDRESS ON CHANNEL (Pin Number) 


Differential 


Al “Hi"’ “Lo” 


2 A2 Single Ended 


O O O 0 O (11) None 

O 0) O 1 1 (10) None 

0 0) 1 0 2 (9) None 

O 0 1 1 3. (8) None 

0) 1 O O 4 (7) None 

©) 1 0 1 5 (6) None 

0 1 1 0) 6 (5) None 

0 1 1 1 7 (4) None 

1 O 0 O 8 (27) 0 (11) O (27) 
1 O O 1 9 (26) 1 (10) 1 
1 0) 1 10) 10 2 
1 ©) 1 1 11 3 
1 1 0) 0 12 5 
1 1 0 1 13 5 
1 1 1 0 14 6 
1 1 1 1 15 7 


Table 1. Input Channel Addressing Truth Table 
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#G: sree th! as 
When the channel address is changed, six microseconds must 
be allowed for the Analog Input Section to settle to within 
+0.01% of its final output (including settling times of all 
elements in the signal path). The effect of this delay may be 
eliminated by performing the address change while a conver- 
sion is in progress (with the sample-and-hold in the “‘hold”’ 
mode). 


Input Channel Address Latch 


The AD363 is equipped with a latch for the Input Channel 
Select address bits. If the Latch Control pin (pin 32 of the 
Analog Input Section) is at Logic ‘‘1”’, input channel select 
address information is passed through to the multiplexers. A 
Logic ‘‘O” “‘freezes” the input channel address present at the 
inputs at the time of the ‘‘1” to “O”’ transition. 


This feature is useful when input channel address information 
is provided from an address, data or control bus that may be 
required to service many devices. The ability to latch an 
address is helpful whenever the user has no control of when 
address information may change. 


Sample-and-Hold Mode Control 


The Sample-and-Hold Mode Control input (Analog Input 
Section, pin 13) is normally connected to the Status output 
(pin 20) from the ADC section. When a conversion is initiated 
by applying a Convert Start command to the ADC (pin 21), 
Status goes to Logic “1”, putting the sample-and-hold into the 
“hold” mode. This “‘freezes”’ the information to be digitized 
for the period of conversion. When the conversion is complete, 
Status returns to Logic ‘‘0”’ and the sample-and-hold returns 
to the sample mode. Eighteen microseconds must be allowed for 
the sample-and-hold to acquire (‘catch up” to) the analog in- 
put to within +0.01% of the final value before a new Convert 
Start command 1s issued. 

The purpose of a sample-and-hold is to ‘‘stop”’ fast changing 
input signals long enough to be converted. In this application, 
it also allows the user to change channels and/or SE/ DIFF 
mode while a conversion is in progress thus eliminating the 
effects of multiplexer, analog switch and differential amplifier 
settling times. If maximum throughput rate is required for 
slowly changing signals, the Sample-and-Hold Mode Control 
may be wired to ground (Logic “‘0’’) rather than to ADC 
Status thus leaving the sample-and-hold in a continuous 
sample mode. 


Hold Capacitor 


A 2000pF capacitor is provided with each AD363. One side 
of this capacitor is wired to the Analog Input Section pin 12, 
the other to analog ground as close to pin 17 as possible. The 
capacitor provided with the AD363K is Polystyrene while the 
wider operating temperature range of the AD363S demands a 
Teflon capacitor (supplied). 


Larger capacitors may be substituted to minimize noise, but 
acquisition time of the sample-and-hold will be extended. If 
less than 12 bits of accuracy is required, a smaller capacitor 
may be used. This will shorten the S/H acquisition time. In all 
cases, the proper capacitor dielectric must be used; i.e., Poly- 
styrene (AD363K only) or Teflon (AD363K or S). Other types 
of capacitors may have higher dielectric absorption (memory) 
and will cause errors. CAUTION: Polystyrene capacitors will 
be destroyed if subjected to temperatures above +85°C. No 
capacitor is required if the sample-and-hold is not used. 


Short Cycle Control 


A Short Cycle Control (ADC Section, pin 14) permits the 
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timing cycle shown in Figure 5 to be terminated after any 
number of desired bits has been converted, permitting some- 
what shorter conversion times in applications not requiring full 
12-bit resolution. When 12-bit resolution is required, pin 14 is 
connected to +5 V (ADC Section, pin 10). When 10-bit resolu- 
tion is desired, pin 14 is connected to Bit 11 output pin 2. The 
conversion cycle then terminates, and the Status flag resets 
after the Bit 10 decision (t10 + 100ns in timing diagram of Fig- 
ure 2), Short Cycle pin connections and associated maximum 
12-, 10- and 8-bit conversion times are summarized in Table 2. 


Connect Short Maximum | Status Flag 
Cycle Pin 14 to Resolution | Conversion | Reset at: 
Pin: (% FSR) Time (us) | (Figure 5) 


16 t12 +100ns 


tio +100ns 
tg +100ns 


Table 2. Short Cycle Connections 


One should note that the calibration voltages listed in Table 

4 are for 12-bit resolution only, and are not those correspond- 
ing to the center of each discrete quantization interval at 
reduced bit resolution. 


Digital Output Data Format 


Both parallel and serial data are in positive-true form and out- 
putted from TTL storage registers. Parallel data output coding 
is binary for unipolar ranges and either offset binary or two’s 
complement binary, depending on whether Bit 1 (ADC Section 
pin 12) or its logical inverse Bit 1 (pin 13) is used as the MSB. 
Parallel data becomes valid approximately 200ns before the 
Status flag returns to Logic “‘O”’, permitting parallel data trans- 
fer to be clocked on the “‘1”’ to “0” transition of the Status flag. 


Serial data coding is binary for unipolar input ranges and off- 
set binary for bipolar input ranges. Serial output is by bit 
(MSB first, LSB last) in NRZ (non-return-to-zero) format. 
Serial and parallel data outputs change state on positive-going 
clock edges. Serial data is guaranteed valid on all negative-going 
clock edges, permitting serial data to be clocked directly into a 
receiving register on these edges. There are 13 negative-going 
clock edges in the complete 12-bit conversion cycle, as shown | 
in Figure 5. The first edge shifts an invalid bit into the register, 
which is shifted out on the 13th negative-going clock edge. 

All serial data bits will have been correctly transferred at the 
completion of the conversion period. 


Analog Input Voltage Range Format 


The AD363 may be configured for any of 3 bipolar or 2 uni- 
polar input voltage ranges as shown in Table 3. 


Connect Connect 
Analog Input | Connect ADC | Bipolar ADC 
To ADC Pin: Span Pin Pin 23 To: 


a ae 
a es (ee 
ae ee 


Oto +5V 
0 to +10V 
-2.5V to +2.5V 
-5V to +5V 
-10V to +10V 


Table 3. Analog Input Voltage Range Pin Connections 


Analog Input - Volts 
(Center of Quantization Interval) 


0 to +10V -5V to +5V -10V to +10V Unipolar 
Range Range Range Ranges 
+9.9976 +4.9976 +9.9951 +FSR-1 LSB 
+9.9952 +4.9952 +9.9902 + SR-2 LSB 
+5.0024 +0.0024 +0.0049 +¥%FSR+1 LSB 
+5.0000 +0.0000 +0.0000 +¥%FSR 
+0.0024 -4.9976 9.9951 +1 LSB 
+0.0000 -5.0000 ZERO 


-10.0000 


Input Normalized 
to FSR 


Digital Output Code 
(Binary for Unipolar Ranges; 


Offset Binary for Bipolar Ranges) 
Bipolar Bl . B12 
Ranges (MSB) (LSB) 
+'’FSR-1 LSB Pel th DE ta Pi ke 
+%FSR-2 LSB 1111111112110 


100000000001 
100000000000 


+1 LSB 
ZERO 


-AFSR+1 LSB 
-Y~ESR 


000000000001 
000000000000 


Table 4. Digital Output Codes vs Analog Input For Unipolar and Bipolar Ranges 


The resulting input-output transfer functions are given by 
Table 4. 


Analog Input Section Offset Adjust Circuit 


The offset voltage of the AD363 may be adjusted at either the 
Analog Input Section or the ADC Section. Normally the ad- 
justment is performed at the ADC but in some special appli- 
cations, it may be helpful to adjust the offset of the Analog 
Input Section. An example of such a case would be if the in- 
put signals were small (<10mV) relative to Analog Input Section 
voltage offset and gain was inserted between the Analog Input 
Section and the ADC. To adjust the offset of the Analog Input 
Section, the circuit shown in Figure 6 is recommended. 


AD363 
ANALOG 
INPUT 
SECTION 


SAMPLE 


100k82 


OFFSET VOLTAGE 
ADJUST 


TO V+ ANALOG (+15V) 


Figure 6: Analog Input Section Offset Voltage Adjustment 


Under normal conditions, all calibration is performed at the 
ADC Section. 


ADC Offset Adjust. Circuit 

Analog and power connections for 0 to +10V unipolar and 
-10V to +10V bipolar input ranges are shown in Figures 7 and 
8, respectively. The Bipolar Offset, ADC pin 23 is open-cir- 
cuited for all unipolar input ranges, and connected to Compar- 
ator input (ADC pin 22) for all bipolar input ranges. The zero 
adjust circuit consists of a potentiometer connected across 
+V¢ with its slider connected through a 3.9MQ2 resistor to 
Comparator input (ADC pin 22) for all ranges. The tolerance 
of this fixed resistor is not critical, and a carbon composition 
type is generally adequate. Using a carbon composition resistor 
having a -1200ppm/*C tempco contributes a worst-case offset 
tempco of 8 x 244.x 10° x 1200ppm/°C = 2.3ppm/°C of 
FSR, if the OFFSET ADJ potentiometer is set at either end 
of its adjustment range. Since the maximum offset adjustment 
required is typically no more than +4LSB, use of a carbon 
composition offset summing resistor normally contributes no 
more than Ippm/°C of FSR offset tempco. 


Seeeeeeenss 
APPROXIMATION REGISTER 
ERRRELETT 


O/A BIT SWITCHES 


40363 ADC 


KEEP/REJECT 


GAIN ADJ 
(210 LSB’s) 


FROM ANALOG 
INPUT SECTION 
PIN 16 


ZERO ADJ 0 TO +10V 


(28 LSB’s) 


NOTE: ANALOG (4) AND DIGITAL (>) GNDS ARE 
NOT TIED INTERNALLY AND MUST BE CONNECTED 
EXTERNALLY. 


Figure 7. ADC Analog and Power Connections for 
Unipolar 0 to +10V Input Range 


APPROXIMATION REGISTER 
REPTILE 


GAIN ADJ 
(+10 LSB’s) 

CONTROL 
+15V AMP 


FROM ANALOG 
INPUT SECTION 
PIN 16 

ZERO ADJ : ; 

(-B LSB's) ei a 


NOTE: ANALOG (M4) AND DIGITAL | = ) GNDS ARE 
NOT TIED INTERNALLY AND MUST BE CONNECTED 
EXTERNALLY. : 


Figure 8. ADC Analog and Power Connections for Bipolar 
-10V to +10V Input Range 


An alternate offset adjust circuit, which contributes negli- 
gible offset tempco if metal film resistors (tempco <100 
ppm/°C) are used, is shown in Figure 9. 


+15V 


200k, M.F. 200k, M.F. 


OFFSET ADJ 


(*8LSB’s) 


Figure 9. Low Tempco Zero Adj Circuit 
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are 8 TNR 
ae ©. sy ee ee 


In either zero adi vaeech circuit, ‘the’ fixed resistor reonnectcd to 
ADC pin 22 should be located Close to this pin to keep the 
connection runs short, since the Comparator input (ADC pin 


22) is quite sensitive to external noise pick-up. 


Gain Adjust 

The gain adjust circuit consists of a 1002 potentiometer con- 
nected between +10V Reference Output pin 18 and Gain Ad- 
just Input (ADC pin 27) for all ranges. Both GAIN and ZERO 
ADJ potentiometers should be multi-turn, low tempco types; 
20T cermet (tempco = 100ppm/°C max) types are recom- 
mended. If the 10082 GAIN ADJ potentiometer is replaced by 
a fixed 5082 resistor, absolute gain calibration to +0.1% of 
FSR is guaranteed. 


Calibration 


Calibration of the AD363 consists of adjusting offset and gain. 
Relative accuracy (linearity) is not affected by these adjust- 
ments, so if absolute zero and gain error is not important in a 
given application, or if system intelligence can correct for such 
errors, calibration may be unnecessary. 


External ZERO ADJ and GAIN ADJ potentiometers, con- 
nected as shown in Figures 7, 8,-and 9, are used for device cali- 
bration. To prevent interaction of these two adjustments, Zero 
is always adjusted first and then Gain. Zero is adjusted with 
the analog input near the most negative end of the analog range 
(0 for unipolar and -“%FSR for bipolar input ranges). Gain is 
adjusted with the analog input near the most positive end of 
the analog range. 


0 to +10V Range: Set analog input to +1LSB = +0.0024V. 
Adjust Zero for digital output = 000000000001; Zero is now 
calibrated. Set analog input to +FSR -2LSB = +9.9952V. Ad- 
just Gain for 111111111110 digital output code; full-scale 
(Gain) is now calibrated. Half-scale calibration check: set ana- 
log input to +5.0000V; digital output code should be 
100000000000. 


-10V to +10V Range: Set analog input to -9.9951V; adjust 
Zero for 000000000001 digital output (offset binary) code. 
Set analog input to +9.9902V; adjust Gain for 111111111110 
digital output (offset binary) code. Half-scale calibration check: 
set analog input to 0.0000V; digital output (offset binary) 
code should be 100000000000. 


Other Ranges: Representative digital coding for 0 to +10V, 
-5V to +5 Vs and -10V to +10V ranges is shown in Table 4. 
Coding relationships are calibration points for 0 to +5V and 
-2.5V to +2.5V ranges can be found by halving the corre- 
sponding code equivalents listed for the 0 to +10V and -5V 
to +5V ranges, respectively. 


Zero and full-scale calibration can be accomplished to a preci- 
sion of approximately +4LSB using the static adjustment pro- 
cedure described above. By summing a small sine or triangular- 
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes 

of interest to more accurately determine the center (or end 
points) of each discrete quantization level. A detailed descrip- 
tion of this dynamic calibration technique is presented in 
‘‘A/D Conversion Notes’, D. Sheingold, Analog Devices, Inc., 
1977, Part II, Chapter II-4. 


Other Considerations 


Grounding: Analog and digital signal grounds should be kept 
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separate where possible to prevent digital signals from flowing 


in the analog ground circuit and inducing spurious analog sig- 
nal noise. Analog Ground (Analog Input Section pin 17, ADC. 
Section pin 26) and Digital Ground (Analog Input Section pin 
2 and ADC Section pin 15) are not connected internally; these 
pins must be connected externally for the system to operate 
properly. Preferably, this connection is made at only one point, 
as close to the system as possible. The cases are connected in- 
ternally to Digital Ground to provide good electrostatic shield- 
ing. If the grounds are not tied common on the same card with 
both system packages, the digital and analog grounds should 
be connected locally with back-to-back general-purpose diodes 
as shown in Figure 10. This will protect the AD363 from pos- 
sible damage caused by voltages in excess of +1 volt between 
the ground systems which could occur if the key grounding 
card should be removed from the overall system. The system 
will operate properly with as much as +200mV between 
grounds, however this difference will be reflected directly as 
an input offset voltage. . 


AGND 


TO IN914 


CARD OR 
CONNECTOR EQUIVALENT 
Figure 10. Ground-Fault Protection Diodes 


Power Supply Bypassing: The +15 V and +5V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. 1uF 
tantalum types are recommended; these capacitors should be 
located close to the system. It is not necessary to shunt these 
capacitors with disc capacitors to provide additional high 
frequency power supply decoupling since each power lead is 
by passed internally with a 0.039uF ceramic capacitor. 


Applications 

The AD363 contains several unique features that contribute 
to its application versatility. The more significant features 
include a precision +10V reference, an uncommitted buffer 
amplifier, the dynamic single-ended/differential mode switch 
and simple, uncommitted digital interfaces. 


Transducer Interfacing 

The precision +10V reference, buffer amplifier and mode 
switch can simplify transducer interfacing. Figure 11 illus- 
trates how these features may be used to advantage. 


ANALOG INPUT 
SECTION 


AOC SECTION 


DIGITAL 
OUTPUTS 


STATUS 
Ae Ao Ay Aa SE/DIFF MODE 


CHANNEL CHANNEL 
SELECT SELECT 
LATCH 


Figure 11. AD363 Transducer Interface Application 


The AD590 is a temperature transducer that can be considered 
an ideal two-terminal current source with an output of one 
microamp per degree Kelvin (1uA/°K). With an offsetting cur- 
rent of 273A sourced from the +5.46 volt buffered reference 
through 20kQ2 resistors (R1-R12) each of the 12 AD590 cir- 
cuits develop -20mV/°C. The outputs are monitored with the 
AD363 front-end in the single-ended mode (Logic ‘‘0” on the 
Mode Control input). The +5.46 volt reference is derived from 
the ADC +10 volt precision reference and voltage divider R13, 
R14. Low output impedance for this +5.46 volt reference is 
provided by the ADC internal buffer amplifier. (The 10uV/°C 
offset voltage drift of the buffer amplifier contributes negli- 
gible errors.) At OC, each temperature transducer circuit de- 
livers a O volt output. At 125°C, the output is -2.5V; at -55°C, 
the output is +1.10V. By using the two’s complement ADC 
output (complemented MSB or sign bit), the negative voltage 
versus temperature function is inverted and digital reading 
proportional to temperature in degrees centigrade is provided. 
Resolution is 0.061°C per least significant bit. 


The precision +10 volt reference is also used to power several 
bridge circuits that require differential read-out. When address- 
ing these bridge transducers, a Logic “1” at the mode control 
input will switch the AD363 to the differential mode. In many 
- cases, this feature will eliminate the requirement for a differen- 
tial amplifier for each bridge transducer. 


Microprocessor Interfacing 

Digital interfacing to the AD363 has been deliberately left 
uncommitted; every processor system and application has 
different interface requirements and designing for one specific 
processor could complicate other applications. 
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Figure 12. AD363 Microprocessor Interface Application 


The addition of a small amount of hardware will satisfy most 
interface requirements; an example based on 8080-type archi- 
tecture is shown in Figure 12. 


In this system the data bus is used to transmit multiplexer chan- 
nel selection and convert and read commands to the AD363. 
Itys also possible to address the AD363 as memory using the 
address bus to perform channel selection, convert and read 
operations. 


The address lines can be decoded to provide channel selection, 
ADC convert start, status and ADC data (2 bytes) locations. 
These are accessed with I/O read/write instructions. 


The ADC outputs are buffered with tri-state drivers. Figure 12 
shows the 4 most significant ADC data bits and status as one 
byte 


FF}: | STATUS Bl B3 B4 ue 
(MSB) 
D7 DO 


and the 8 least significant ADC data bits as the second byte. | 


FE: B7 B8 B9 Bll B12 
: (LSB) 
D7 DO 


Internal tri-state buffering is not provided because in many 
applications it would be better to have the first byte contain 
the 8 most significant bits. To accomodate both left and right 
justified formats would require more package pins and increase 
complexity. 

The operating sequence for this system is as follows: 


80H. puts the address for channel 0 
(including SE/DIFF mode) into 


accumulator 


1| MVI 


2} OUT puts 80}; on data bus and FFy on address 
bus. Pulses I/O WRITE. OUT FFy is 
decoded as a “LOAD ADDRESS” com- 


mand to the channel select latches. 


FFy 


3)}OUT | FOy puts FOy on address bus and pulses I/O 
WRITE. This is decoded to issue a “CON- 


VERSION START” to the ADC. 


Accumulator contents are of no significance, 


puts FFy; on address bus and pulses I/O 
READ. This is decoded to enable the 
appropriate tri-states, thus putting status 
and the 4 most significant bits-on the 
data bus. ; 


The status may be examined for ‘‘0”’ (conversion complete). 
In that case, the 4 MSB’s would be read. 


puts FEy on address bus and pulses I/O 
READ. This is decoded to enable the 

appropriate tri-states, thus putting the 8 
least significant bits on the data bus. 


At this point, the multiplexer channel selection may be 
changed and another channel processed with the same instruc- 
tion set (steps 2 through 5). 
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CAPACITOR OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm), 


*THIS DIMENSION IS FOR POLYSTYRENE CAPACITOR 
SUPPLIED WITH K GRADE. 


HOLD CAPACITOR 


1.00 (25.4) | 0.69 (17.5) 0.35 (8.9) 
MIN MAX MAX 


<<>> 


MAX BODY LENGTH OF TEFLON CAPACITOR SUPPLIED 
WITH S GRADE IS 1.00” 


AD363 ORDERING GUIDE 


Package Styles’ 
Analog 
Specification Max Max Guaranteed Temp Range _—iInput ADC 
Model Temp Range Gain T.C. Reference T.C. No Missing Codes Section _— Section 
AD363KD 0 to +70°C +30ppm/°C +20ppm/°C 0 to +70°C HY32D HY32G 
AD363SD -55°Cto +125°C +25ppm/°C — #20ppm/"C -55°C to +125°C HY32D HY32G 
AD363SD/ Meets all AD363SD specifications after processing to 
883B the requirements of MIL-STD-883B, Method 5008. 


NOTE: D Suffix = Dual-In-Line package designator. 
+See Section 20 for package outline information. 
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ANALOG Fast, Complete, 16-Channel uP Compatible 
DEVICES 12-Bit Data Acquisition System 


AD364 | 7 


ADVANCED TECHNICAL DATA 


FEATURES 

Complete Data Acquisition System in 2-Package IC Form 

Full 8- or 16-Bit Microprocessor Bus Interface 

16 Single-Ended or 8 Differential Channels with Switchable 
Mode Control 

True 12-Bit Operation: Nonlinearity <+0.012% 

Guaranteed No Missing Codes Over Specified Temperature 
Range 

High Throughput Rate: 20kHz 

Fast Successive Approximation Conversion: 25us 

Buried Zener Reference for Long-Term Stability and 
Low Gain TC 

Small Size: Requires Only 2.8 Square Inches 

Short-Cycle Capability 

Low Power: 1.4 Watts 

Military/Aerospace Temperature Range: -55°C to +125°C 
MIL-STD-883 Class B Processing Available 


PRODUCT DESCRIPTION 

The AD364 is a complete 16 channel, microprocessor com- 
patible, 12-bit data acquisition system in integrated circuit 
form. The AD364 design is implemented with linear com- 
patible LSI chips, active laser trimming and hybrid technol- 
ogy resulting in maximum performance and flexibility. 


The AD364 consists of two separate functional blocks, each in 
a hermetically sealed dual-in-line package. The analog input 
section contains two eight-channel multiplexers, a differential 
amplifier, a sample-and-hold, a channel address register and 
control logic. The multiplexers may be connected to the dif- 
ferential amplifier in either an 8-channel differential or 16- 
channel single-ended configuration. A unique feature of the 
AD 364 is an internal user-controllable analog switch that 
connects the multiplexers in either a single-ended or differen- 
tial mode. This allows a single device to perform in either 
mode without hard-wire programming and permits a mixture 
of single-ended and differential sources to be interfaced to an 
AD364 by dynamically switching the input mode control. 


The ADC section contains a complete 12-bit successive ap- 
proximation ADC, including internal clock, precision 10 volt 
reference, comparator and bus interface. The ADC uses the 
newly-developed LCI (Linear-Compatible Integrated Injection 
Logic) process to provide the low power logic necessary to 
make a high speed 12-bit ADC and 3-state output buffer 
circuitry for direct interface to an 8-, 12- or 16-bit micro- 
processor bus. 


The AD364 is available in 4 different grades. The AD364J and 
K grades are specified for operation over the 0 to +70°C tem- 
perature range. The AD364S, T are specified for the -55°C to 
+125°C range. 
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TWO DUAL IN-LINE PACKAGES 


PRODUCT HIGHLIGHTS 


1. 


The precision laser-trimmed scaling and bipolar offset 
resistors provide three calibrated ranges; 0 to +10 

volts unipolar, or -5 to +5 and -10 to +10 volts bipolar. 
Typical bipolar offset and full scale calibration errors of 
+0.05% can be trimmed to zero each with one external 
component. 


. The internal buried zener reference is trimmed to 10.00 


volts with a +1% maximum error and 15ppm/°C typical TC. 
The reference is available externally and can drive up to 
1.5mA beyond that required for the reference and bipolar 
offset resistors. 


. The AD364 interfaces to most popular microprocessors 


with an 8-, 12-, or 16-bit bus without external buffers or 
peripheral interface controllers. Multiple-mode three-state 
output buffers connect directly to the data bus while the 
read and convert commands are taken from the control bus. 
The 12 bits of output data can be read either as one 12-bit 
word or as two 8-bit bytes (one with 8 data bits, the other 
with 4 data bits and 4 trailing zeros). 
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SPECIFICATIONS 


PARAMETER 


ANALOG INPUTS 
Number of Inputs 
Input Voltage Range 
Tmin tO Tmax 
Input (Bias) Current per Channel 
Input Impedance ON Channel 
OFF Channel 
Input Fault Current 
(Power ON or OFF) 
Common Mode Rejection 
Differential Mode 1kHz 20Vp-p 
Mux Cross Talk (Any OFF Channel 
to Any ON Channel) 1kHz 
20V p-p 
Offset, Channel to Channel 


ACCURACY 


Gain Error’ 
Unipolar Offset Error? 
Bipolar Offset Error? 
Linearity Error 
Tmin tO Tmax 
Differential Linearity Error 
Tmin tO Tmax 
Noise Error 


(typical @ +25°C, +15V and +5V 
otherwise noted) 


AD364J 


AD364K 


AD364S 


16 Single-Ended or 8 Differential (Electronically Selectable) 


+10 * 
+50 * 
10!°/100 * 
10!°/10 * 

20 * 

70 min (80 typ) i 

-80 max (-90 typ) . 

+5 : 

0.3 * 
+10 +8 
+50 +20 
0.024 0.012 
0.024 0.012 
0.024 0.012 
0.024 0.012 


ImV p-p 0.1Hz to 1MHz sd 


* & © &% & 


* £ & 4 & %& 8 


with 2000pF hold capacitor as provided unless 


AD364T UNITS 


* + & & 


V 

nA max 
Q/pF 
Q/pF 

mA max 
(Internally 
Limited) 
dB 


dB 
mV max 


% of FSR 

mV 

mV 

% of FSR max 
% of FSR max 
% of FSR max 
% of FSR max 


TEMPERATURE COEFFICIENTS 
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Gain 54 31 . =e ppm/°C 
Offset (+10V Range) 12 7 ? = ppm/°C 
Operating Temperature Range 0 to +70°C : ~55°Cto+125°C *** ppm/°C 
SIGNAL DYNAMICS 
Conversion Time 32 max (25 typ) * * - us 
Throughput Rate, Full Accuracy 20 min (25 typ) * * * kHz 
Sample Hold 
Aperture Delay 100 max (50 typ) . * : ns 
Aperture Uncertainty 500 max (100 typ) . * . ps 
Acquisition Time 
To 0.01% of Final Value 
For Full Scale Step 18 max (10 typ) : . * bs 
Feedthrough at 1kHz -70 max (-80 typ) : * * dB 
Droop Rate 2 max (1 typ) : . ‘ mV/ms 
DIGITAL INPUT SIGNALS 
Analog Input Section 
Input Channel Select 4 Bit Binary Address * * * 
1 LS TTL Load’ - * * 
Channel Select Latch “1”? Latch Transparent * * * 
“0” Latched . * * 
4 LS TTL Loads : * * 
Single Ended/Differential “0” Single Ended * + * 
Mode Select “1” Differential * * * 
3TTL Loads . * * 
Sample and Hold Command ‘0’? Sample Mode : * * 
“1” Hold Mode . * * 
1TTL Load * * * 
ADC Section® 4.5<V,_<5.5 
‘Logic Input Threshold 
Tmin tO Tmax 
Logic ‘*1” 2.0 : * * V min 
Logic “‘O” 0.8 : * . V max 
Logic Input Current 
Tmin to Tmax 
Logic “1” 10 : ? * MA max 
Logic ‘‘0” 10 : : : MA max 


PARAMETER | AD364J AD364K AD364S AD364T UNITS 


DIGITAL OUTPUT SIGNALS 
Logic Outputs Tyyin to Tmax 
Sink Current Voyrt = 0.4V 1.6 . : mA min 
Source Current Voyt = 2.4V 0.5 ad . : mA min 
Output Leakage When In : ‘ 
Three State +40 i yA max 
Output Coding . 
Unipolar Positive True Binary ° as . 
Bipolar Positive True Offset 
Binary . . i 
POWER REQUIREMENTS 
Supply Voltages/Currents +15V, +5% @ 36mA max * : . 
-15V, +5% @65mA max * bs " 
+5V,+5% @75mAmax ‘* . : 
CAPACITOR SINGLE-ENO/DIFFERENTIAL 
‘With 502 resistor from REF IN to REF OUT. Adjustable to zero. awavog SEESET SAMPLE. "WOH" ANALOG INPUTS ee ee 


? Adjustable to zero. COMMON 


12/8 line must be hard wired to VLOGIC Or digital common. 
* Specifications same as AD364J. 


**Specifications same as AD364K. 
***Specifications same as AD364S. 


Specifications subject to change without notice. 


OUTPUT ~———~——— COMMAND 


3 =i 


SWITCH iz 1 II! 
8-CHANNEL CHANNEL SELECT 
MULTIPLEXER CONTROL LOGIC 


ABSOLUTE MAXIMUM RATINGS 


(ALL MODELS) i} 
+V, Digital Supply +5.5V LL 
+V, Analog Supply +16V rp a a nr 
-V, Analog Supply -16V GROUND Crees ON ety Us 
Vinosignal: +V, Analog Supply 7a wae ES! 
Vin, Digital 0 to +V, Digital Supply Figure 1. AD364 Analog Input Section Functional Block 
AGnp to Denp +1V Diagram and Pinout 


+5V SUPPLY STATUS 
VioGic STs 
OATA MODE SELECT 
ps 27] 0811 MSB 

128 msat 27 

CHIP SELECT 
pest 0810 
= 26 


BYTE ADORESS/ 


SHORT CYCLE | 4 | | 25] 0B 
Ao 3 
READ/CONVERT s 2a] 
af pes 
KE T 
A 
CHIP ENABLE T EJ 
p87 
cE E 
2 o 
+15V arene a 7 22 One DIGITAL 
ec A T DATA 
+10V REFERENCE 2 if 21 DBS 
eee Z v OUTPUTS 
ANALOG COMMON BZ B 20] DB4 
AC U 
F 
REFERENCE INPUT F 
REF IN 4 19 ae 
-15V SUPPLY - re] 
082 
Vee y e 
nvocan ose! Fal Eo Fa] on 
10V SPAN INPUT Ls 16 DB0 LSB 
10Vin 
20V SPAN INPUT DIGITAL COMMON 
20Vin a 


Figure 2. ADC Section Functional Block Diagram and Pinout 
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PIN FUNCTION DESCRIPTION 


ANALOG INPUT SECTION | -- ANALOG TO DIGITAL CONVERTER SECTION 


Number Function Number Function 
1 Single-End/Differential Mode Select 1 Logic Power Supply, +5V 
“0”: Single-Ended Mode Data Mode Select (12/8) 
“1”: Differential Mode “0”: 8 Upper Bits or 
2 Digital Common 4 Lower Bits as Selected by Byte 
3 Positive Digital Power Supply, +5V Select (Ag) 
4 “High” Analog Input, Channel 7 3 Chip Select (CS) 
5 “High” Analog Input, Channel 6 “0”: Device Selected 
6 “High” Analog Input, Channel 5 “1”: Device Inhibited 
7 “High” Analog Input, Channel 4 4 Byte Address/Short Cycle (Ag) 
8 “High” Analog Input, Channel 3 “QO”: Upper 8 Bits Enabled (12/8 ‘0”)/ 
9 “High” Analog Input, Channel 2 12 Bit Cycle | 
10 “High” Analog Input, Channel 1 “1”: Lower 4 Bits Enabled (12/8 ‘‘1”’)/ 
11 “High” Analog Input, Channel 0 8 Bit Cycle 
12 Hold Capacitor (Provided, See Figure 3) 5 Read Convert (R/C) 
13 Sample-Hold Command “0”: Convert Start 
“0”: Sample Mode ; “1”: Read Enable 
“1”: Hold Mode 6 Chip Enable (CE) 
Normally Connected to ADC Pin 28 ~£ : R/C “0”, CS “0” Initiates Conversion 
14 Offset Adjust (See Figure 7) SF. R/C “1”, CS “0” Initiates Read 
15 Offset Adjust (See Figure 7) “0”: Device Disabled 
16 Analog Output “1”: Device Enabled 
Normally Connected to ADC 7 Analog Power Supply, +15V (Vcc) 
“Analog In”’ (See Figure 3) 8 Reference Out, +10V 
17 Analog Common 9 Analog Common (AC) 
18 “High” (‘“‘Low”’) Analog Input, Channel 15 (7) 10 Reference In 
19 “High”.(““Low”) Analog Input, Channel 14 (6) 11 Analog Power Supply, -15V (Veg) 
20 Negative Analog Power Supply, -15V 12. Bipolar Offset 
21 Positive Analog Power Supply, +15V 13 10 Volt Span Input 
22 “High” (‘‘Low’’) Analog Input, Channel 13 (5) 14 20 Volt Span Input 
23 “High” (“Low”) Analog Input, Channel 12 (4) 15 Digital Common (DC) 
24 “High” (‘‘Low’’) Analog Input, Channel 11 (3) 16 Data Bit 0 
25 “High” (“Low’’) Analog Input, Channel 10 (2) 17 Data Bit 1 
26 “High” (“‘Low”’) Analog Input, Channel 9 (1) 18 Data Bit 2 
27 “High” (“Low”) Analog Input, Channel 8 (0) 19 Data Bit 3 
28 Input Channel Select, Address Bit AE 20. Data Bit 4 
29 Input Channel Select, Address Bit AO 21 Data Bit 5 
30 Input Channel Select, Address Bit Al 22 Data Bit 6 
31 Input Channel Select, Address Bit A2 23 Data Bit 7 
32 Input Channel Select Latch | 4s Dae 
“0”. Latched 25 Data Bit 9 
“1: Latch “Transparent”’ ae pate But + 
27 Data Bit 11 
28 Status Out 
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AD364 DESIGN 


Concept 

The AD364 consists of two separate functional blocks as 
shown in Figure 3; each is packaged in a hermetically-sealed 
DIP. 


DC POWER 
(215V. +5V) 


AD364 Fore 
ANALCG INPUT ANALOG TO-DIGITAL 
SECTION CONVERTER 


‘HIGH™ HOLD 
S CAPACITOR 


ANALOG ANALOG 
ANALOG OuT IN 
INPUTS 


OVDMNNCAMaApane 


15 
és 


ANO 
CONTROL 


LOGIC 
aaa 


AE AZ Al AO CHANNEL SINGLE-END/ 
SELECT DIFFERENTIAL 
LATCH MOOE SELECT 


Figure 3. AD364 Functional Block Diagram 


The Analog Input Section contains multiplexers, a differential 
amplifier, a sample-and-hold, a channel address latch and 
control logic. Analog-to-digital conversion is provided by a 
12 bit, 35 microsecond ‘‘ADC”’ which is also available 
separately as the AD574. 


- By dividing the data acquisition task into two sections, several 
important advantages are realized. Performance of each design 
is optimized for its specific function. Production yields are 
increased thus decreasing costs. Furthermore, the standard 
configuration 28 and 32 pin packages plug into standard 
sockets and are easier to handle than larger packages with 
higher pin counts. 


Analog Input Section Design 


The AIS consists of two 8-channel multiplexers, a differential 
amplifier, a sample-and-hold, channel address latches and con- 
trol logic. The multiplexers can be connected to the differen- 
tial amplifier in either an 8-channel differential or 16-channel 
single-ended configuration. A unique feature of the AD364 is 
an internal analog switch controlled by a digital input that 
performs switching between single-ended and differential 
modes. This feature allows a single product to perform in — 
either mode without external hard-wire interconnections. Of 
more significance is the ability to serve a mixture of both 
single-ended and differential sources with a single AD364 by 
dynamically switching the input mode control. 


Multiplexer channel address inputs are interfaced through a 
level-triggered (‘“‘transparent’’) input register. With a Logic “1” 
at the Channel Select Latch input, the address signals feed 
through the register to directly select the appropriate input 
channel. This address information can be held in the register 
by placing a Logic “O”’ on the Channel Select Latch input. In- 
ternal logic monitors the status of the Single-Ended/Differential 
Mode input and addresses the multiplexers accordingly. 


A differential amplifier buffers the multiplexer outputs while 
providing high input impedance in both differential and-single- 
ended modes. Amplifier gain and common mode rejection are 
actively laser-trimmed. . 


The sample-and-hold is a high speed monolithic device that can 
also function as a gated operational amplifier. Its uncommitted 


zs | eo 
‘AD364 Description 
differential inputs allow it to serve a second role as the output 
subtractor in the differential amplifier. This eliminates one 
amplifier and decreases drift, settling time and power consump- 
tion. A Logic ‘‘1”” on the Sample-and-Hold Command input 
will cause the sample-and-hold to “‘freeze’’ the analog signal 
while the ADC performs the conversion. Normally the Sample- 
and-Hold Command is connected to the ADC Status output 
which is at Logic ‘‘1”’ during conversion and Logic “0” be- 
tween conversions. For slowly-changing inputs, throughput 


speed may be increased by grounding the Sample-and-Hold 
Command input instead of connecting it to the ADC status. 


A Polystyrene hold capacitor is provided with each commer- 
cial temperature range system (AD364J, K) while a Teflon 
capacitor is provided with units intended for operation at tem- 
peratures up to 125°C (AD364S, T). Use of an external capac- 
itor allows the user to make his own speed/accuracy tradeoff; a 
smaller capacitor will allow faster sample-and-hold response 
but will decrease accuracy while a larger capacitor will in- 
crease accuracy at slower conversion rates. 


- The Analog Input Section is cpnstructed on a substrate that 


includes thick-film resistors for non-critical applications such 
as input protection and biasing. A separately-mounted laser- 
trimmed thin-film resistor network is used to establish accurate 
gain and high common-mode rejection. The metal package 


affords electromagnetic and electrostatic shielding and is 


hermetically welded at low temperatures. Welding eliminates 
the possibility of contamination from solder particles or flux 
while low temperature sealing maintains the accuracy of the 
laser-trimmed thin-film resistors. 


“ADC” Section 


The ADC Section is a complete 12-bit A/D converter which 
requires no external components to provide the complete suc- 
cessive-approximation analog-to-digital conversion function. A 
block diagram of the ADC is shown in Figure 2. The device 
consists of two chips, one containing the precision 12-bit DAC 
with voltage reference, the other containing the comparator, 
successive-approximation register, clock, output buffers and 
control circuitry. 


When the control section is commanded to initiate a conver- 
sion (as described later), it then enables the clock and resets. 
the successive-approximation register (SAR) to all zeros. (Once 
a conversion cycle has begun, it cannot be stopped or re-started 
and data is not available from the output buffers). The SAR, 
timed by the clock, will then sequence through the conversion 
cycle and return an end-of-convert flag to the control section. 
The control section will then disable the clock, bring the out- 
put status flag low, and enable control functions to allow data 
read functions by external command. 


During the conversion cycle, the internal 12-bit current output 
DAC is sequenced by the SAR from the most-significant-bit 
(MSB) to least-significant-bit (LSB) to provide an output cur- 
rent which accurately balances the input signal current through 
the 5kQ (or 10kQ2) input resistor. The comparator determines 
whether the addition of each successively-weighted bit current 
causes the DAC current sum to be greater or less than the in- 
put current; if the sum is less, the bit is left on; if more, the 
bit is turned off. After testing all the bits, the SAR contains a 
12-bit binary code which accurately represents the input 
signal to within +1/2LSB. 
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The temperature-compensated buried Zener reference pro- 
vides the primary voltage reference to the DAC and guaran- 
tees excellent stability with both time and temperature. The 
reference is trimmed to 10.00 volts +1%; it is buffered and 
can supply up to 1.5mA to an external load in addition to 
that required to drive the reference input resistor (0.5mA) and 
bipolar offset resistor (ImA). The thin film application re- 
sistors are trimmed to match the full scale output current of 
the DAC, There are two 5kQ2 input scaling resistors to allow 
either a 10 volt or 20 volt span. The 10kQQ bipolar offset re- 
sistor is grounded for unipolar operation or connected to the 
10 volt reference for bipolar operation. 


THEORY OF OPERATION 


System Timing 
Figure 4 is a timing diagram for the AD364 connected as 
shown in Figure 3 and operating at maximum conversion rate. 


THAING FOR FULL CONTROL APPLICATIONS 


CONVERT START TIMING REAO TIMING 


HIG 
81.812 
IMPEDANCE k VALIO 
too 
SHA 


Ao 


Figure 4. AD364 Timing Diagram 


The normal sequence of events is as follows: 

1. The appropriate Channel Select Address is latched into the 
address register. Time is allowed for the multiplexers to 
settle. 

2. A Convert Start Control sequence is issued to the ADC 
which indicates that it is ‘‘busy”’ by placing a Logic “1” on 
its Status Line. 

3. The ADC Status controls the ss ableantthald: When the 
ADC is “‘busy”’ the sample-and-hold is in the hold mode. 


4. The ADC goes into its 35 microsecond conversion routine. 
Since the sample-and-hold is holding the proper analog 
value, the address may be updated during conversion. Thus 
multiplexer settling time can coincide with conversion and 
need not effect throughput rate. 

5. The ADC indicates completion of its conversion by return- 
ing Status to Logic “0”. The sample-and-hold returns to 
the sample mode. 

6. If the input signal has changed full-scale (different channels 
may have widely-varying data) the sample-and-hold will 
typically require 10 microseconds to “‘acquire”’ the next in- 
put to sufficient accuracy for 12-bit conversion. 


After allowing a suitable interval for the sample-and-hold to 
stabilize at its new value, another Convert Start control 
sequence may be issued to the ADC. 


ADC Operation 


There are two sets of control pins on the ADC: the general 
control inputs (CE, CS, and R/C), and the internal register con- 
trol inputs (12/8 and Ag). The general control pins function 
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similarly to those on most A/D converters, performing device 
timing, addressing, cycle initiation and read enable functions. 
The internal register control inputs, which are not found on 
most A/D converters, select output data format and conver- 
sion cycle length. 


The two major control functions, convert start and read en- 
able, are controlled by CE, CS, R/C. Although all three 

inputs must be in the correct state to perform the function 
(for convert start, CE = 1, CS = 0, R/C = 0; for read enable, 
CE = 1, CS = 0, R/C = 1), the sequence does not matter. For 
large systems, typically microprocessor controlled, standard 
operation for convert start would be to first set R/C = 0 (from 
R/W line); address the chip with CS = 0, then apply a positive 
start pulse to CE. A read would be done similarly but with 
R/C = 1. 


The Ag (byte select) and 12/8 (data format) inputs work to- 
gether to control the output data and conversion cycle. In al- 
most all situations 12/8 is hard-wired “high” (to VLogic) or 
“low” (to Digital Common). If it is wired high, all 12 data lines 
will be enabled when the read function is called by the general 
control inputs. For an 8-bit bus interface, 12/8 will be wired 
low. In this mode, only the 8 upper bits or the 4 lower bits can 
be enabled at once, as addressed by Ag. For these applications, 
the 4LSB’s (pins 16—19) should be hard-wired to the 4MSB’s 
(pins 24-27). Thus, during a read, when Ag is low, the upper 

8 bits are enabled and present data on pins 20 through 27. 
When Ao goes high, the upper 8 data bits are disabled, the 
4LSB’s then present data to pins 24 to 27, and the 4 middle 
bits are overridden so that zeros are presented to pins 20 

and 23. 


The Ag input performs an additional function of controlling 
conversion length. If Ag is held low prior to cycle initiation, 
a full 12-bit, 25us cycle will result; if Ao is held high prior to 
cycle initiation a shortened 8-bit, 16ys cycle will result. The 
Ao line must be set prior to cycle initiation and held in the 
desired position at least until STS goes high. Thus, for micro- 
processor interface applications, the Ao line must be properly 
controlled during both the convert start and read functions. 


STANDARD FULL CONTROL INTERFACE 

The timing for the standard full control interface is shown in 
Figure 4. In this operating mode, CS is used as the address in- 
put which selects the particular device, R/C selects between 
the read data and start conversion functions, and CE is used to 
time the actual functions. 


The left side of the figure shows the conversion start control. 
CS and R/C are brought low (their sequence does not matter), 
then the start pulse is applied to CE. The timing diagram 

shows a time delay for CS and R/C prior to the start pulse at 
CE. If less time than this is allowed, the conversion will still be 
started, but an appropriately longer pulse will be needed at CE. 
However, if the hold times for CS and R/C after the rising edge 
of the start pulse at CE are not followed, the conversion may 
not be initiated. 


The Ag line determines the conversion cycle length, and must 
be selected prior to conversion initiation. If Ao is low, a 12-bit 
cycle results; if Ag is high, an 8-bit short cycle results. Mini- 
mum set-up and hold times are shown. The status line goes high 
to indicate conversion in progress. The analog input signal is 
allowed to vary until the STS goes high. It must then be held 
steady until STATUS again goes low at the end of conversion. 


The data read function operates in a similar fashion except 
that R/C is now held high. The data is stored in the output 


register and can be recalled at will until a new conversion cycle 
is commanded. In addition, if the converter is arranged in the 
8-bit data mode, the Ao line now functions as the byte select 
address, with set-up and hold times as shown. With Ag low, 
pins 20 to 27 (DB4—11) come out of three-state and present 
data. With Ao high, pins 16—19 (DBO—3) come out of three- 
state with data and pins 20—23 present active trailing zeros. 

In the 8-bit mode pins 16—19 will be hard-wired directly to 
pins 24—27 for direct two-byte loading onto an 8-bit bus. 
There are two delay times for the data lines after CE is brought 
low: typ is the delay until data is no longer valid; ty; is the 
delay until the outputs are fully into the high impedance state. 


TIMING SPECIFICATIONS — FULL CONTROL MODE 


tpsc 300ns max top 400ns max 
tHEC 300ns min typ 100ns min 
tssc 300ns min tssR 350ns min 
tHSC 200ns min tsRR 0 min 
tSRC 200ns min tsAR 200ns min 
tHRC 200ns min tHsSR 100ns min 
tsAc 0 min tHRR 0 min 
 tHAC 300ns min tHAR 100ns min 
tc 15-32us (12 bit) typ 600ns max 
10-20us (8 bit) tsar 20ns min 
tSHA 10-18us tsa 0 min 
STAND ALONE OPERATION 


For simpler control functions, the AD364 can be controlled 
with just R/C. In this case, CE is wired high, CS low, 12/8 
high, and Ao low. There are two ways of cycling the device 
with this simple hook-up. If a negative pulse is used to initiate 
conversion as in Figure 5, the converter will automatically 
bring the 12 data lines out of three-state at the end of conver- 
sion. The data will remain valid on the output lines until 
another pulse is applied. 


If the conversion is initiated by a high pulse as shown in Fig- 
ure 6, the data lines are held in three-state at the end of conver- 
sion until R/C is brought high. The next conversion cycle is initi- 
ated when R/C goes low, the data from the previous cycle will 
remain valid for the time typr.- An alternative to the above is 
to toggle R/C as needed to initiate a new cycle on read data. 
Data will appear when R/C is brought high, a new cycle is 
initiated when R/C goes low. 


TIMING SPECIFICATIONS — STAND ALONE MODE 


tHRL 400ns min 
tps 500ns max 
tHDR 300ns max 
tHs -100ns min +200ns max 
tHRH 150ns min 
tppR 350ns max 


tc (12 bit convert) 15-35us 
tc (8 bit convert) 10-20us 


SHORT LOW PULSE: OUTPUTS COME ON AFTER CONVERSION 
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Figure 5. 


SHORT HIGH PULSE: OUTPUTS SYNCHRONIZED TO RISING EDGE 


R/C 


STS 


B1- B12 IMPEDANCE 


IMPEDANCE 


Figure 6. 
AIS OPERATION 
Single-Ended/Differential Mode Control 


The AD364 features an internal analog switch that configures 
the Analog Input Section in either a 16-channel single-ended 
or 8-channel differential mode. This switch is controlled by a 
TTL logic input applied to pin 1 of the Analog Input Section: 


‘GQ. 
af ar 
When in the differential mode, a differential source may be 


applied between corresponding ‘‘High’’ and “‘Low” analog 
input channels. 


Single-Ended (16 channels) 
Differential (8 channels) 


It is possible to mix SE and DIFF inputs by using the mode 
control to command the appropriate mode. Figure 10 illus- 
trates an example of a ‘‘mixed” application. In this case, four 
microseconds must be allowed for the output of the Analog 
Input Section to settle to within +0.01% of its final value, but 
if the mode is switched concurrent with changing the channel 
address, no significant additional delay is introduced. The 
effect of this delay may be eliminated by changing modes 
while a conversion is in progress (with the sample-and-hold in 
the “hold mode”). When SE and DIFF signals are being 
processed concurrently, the DIFF signals must be applied 
between corresponding “High” and ‘“‘Low”’ analog input chan- 
nels. Another application of this feature is the capability of 
measuring 16 sources individually and/or measuring differences 
between pairs of those sources. 


Input Channel Addressing 

Table 1 is the truth table for input channel addressing in both 
the single-ended and differential modes. The 16 single-ended 
channels may be addressed by applying the corresponding 


ADDRESS ON CHANNEL (Pin Number) 
Differential 
Single Ended “Hi”’ “Lo” 
0 0) 0 0 0 (11) None 
0 0 0 1 1 (10) None 
0) 0 1 0 2 (9) None 
0 Oo 1 1 3 (8) None 
0 1 () 0 4 (7) None 
0 1 0 1 5 (6) None 
0 1 1 0 6 (5) None 
0 1 1 1 7 (4) None 
1 ¢) 0) 0 8 (27) 0(11) O (27) 
1 0 0 1 9 (26) 1 (10) 1 (26) 
1 0 1 0 10 (25) 2 (9) = 2 (25) 
1 fe) 1 1 11 (24) 3 (8) 3 (24) 
1 1 0 0 12 (23) 4 (7) 5 (23) 
1 1 0 1 13 (22) 5 (6) 5 (22) 
1 1 1 0 14 (19) 6 (5) 6 (19) 
1 1 ) ee | 15 (18) 7 (4) 7 (18) 


Table 1. Input Channel Addressing Truth Table 
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digital number to the four Input Channel Select address bits, 
AE, AO, Al, A2 (Analog Input Section, pins 28—31). In the 
differential mode, the eight channels are addressed by applying 
the appropriate digital code to AO, Al and A2; AE must be 
enabled with a Logic ‘‘1”’. Internal logic monitors the status 
of the SE/DIFF Mode input and addresses the multiplexes 
singly or in pairs as required. 

When the channel address is changed, six microseconds must 
be allowed for the Analog Input Section to settle to within 
+0.01% of its final output (including settling times of all 
elements in the signal path). The effect of this delay may be 
eliminated by performing the address change while a conver- 
sion is in progress (with the sample-and-hold in the “‘hold” 
mode). 


Input Channel Address Latch 

The AD364 is equipped with a latch for the Input Channel 
Select address bits. If the Latch Control pin (pin 32 of the 
Analog Input Section) is at Logic “1”, input channel select 
address information is passed through to the multiplexers. A 
Logic “0” “‘freezes” the input channel address present at the 
inputs at the time of the “*1”’ to “‘0”’ transition. 


This feature is useful when input channel address information 
is provided from an address, data or control bus that may be 
required to service many devices. The ability to latch an 
address is helpful whenever the user has no control of when 
address information may change. ! 


Sample-and-Hold Mode Control 


The Sample-and-Hold Mode Control input (Analog Input 
Section, pin 13) is normally connected to the Status output 
(pin 28) from the ADC section. When a conversion is initiated 
by applying a Convert Start control sequence, Status goes to 
Logic ‘‘1”’, putting the sample-and-hold into the “hold” mode. 
This “freezes’’ the information to be digitized for the period 
of conversion. When the conversion is complete, Status returns 
to Logic ‘‘0”’ and the sample-and-hold returns to the sample 
mode. Eighteen microseconds must be allowed for the sample- 
and-hold to acquire (“‘catch up”’ to) the analog input to within 
+0,01% of the final value before a new Convert Start command 
is issued. 


Analog Input - Volts 


Input Normalized 


The purpose of a sample-and-hold is to “stop” fast changing 
input signals long enough to be converted. In this application, 
it also allows the user to change channels and/or SE/ DIFF 
mode while a conversion is in progress thus eliminating the 
effects of multiplexer, analog switch and differential amplifier 
settling times. If maximum throughput rate is required for | 
slowly changing signals, the Sample-and-Hold Mode Control 
may be wired to ground (Logic ‘‘0’’) rather than to ADC 
Status thus leaving the sample-and-hold in a continuous 
sample mode. 


Hold Capacitor 


A 2000pF capacitor is provided with each AD364. One side 
of this capacitor is wired to the Analog Input Section pin 12, - 
the other to analog ground as close to pin 17 as possible. The 
capacitor provided with the AD364J, K is Polystyrene while 
the wider operating temperature range of the AD364S, T 
demands a Teflon Capacitor (supplied). 


Larger capacitors may be substituted to minimize noise, but 
acquisition time of the sample-and-hold will be extended. If 
less than 12 bits of accuracy is required, a smaller capacitor 
may be used. This will shorten the S/H acquisition time. In all 
cases, the proper capacitor dielectric must be used; i.e., Poly- 
styrene (AD364J, K only) or Teflon (any grade). Other types 
of capacitors may have higher dielectric absorption (memory) 
and will cause errors. CAUTION: Polystyrene capacitors will 
be destroyed if subjected to temperatures above +85°C. No 
capacitor is required if the sample-and-hold is not used. 


Analog Input Voltage Range Format 


The AD364 may be configured for any of 2 bipolar or uni- 
polar input voltage ranges as shown in Table 2. 


Connect Connect 
Analog Input Bipolar ADC 
Range To ADC Pin: Pin 12 To: 
0 to +10V 13 = 
-5V to +5V 13 8 
-10V to+10V 14 8 


Table 2, Analog Input Voltage Range Pin Connections 


Digital Output Code 
(Binary for Unipolar Ranges; 


Center of Quantization Interval to FSR : : 

( oe Offset Binary for Bipolar Ranges) 
0 to +10V -5V to +5V -10V to +10V Unipolar Bipolar Bl B12 
Range Range Range _ Ranges Ranges (MSB) (LSB) 
+9.9976 +4.9976 +9.9951 +FSR-1 LSB +'4FSR-1 LSB 111111111111 
+9.9952 +4.9952 +9.9902 +FSR-2 LSB +'AFSR-2 LSB 111111111110 
+5.0024 +0.0024 +0.0049 +4FSR+1 LSB +1 LSB 100000000001 _, 
+5.0000 +0.0000 +0.0000 +%4FSR ZERO 100000000000 
+0.0024 -4.9976 -9.9951 +1 LSB -”FSR+1 LSB 000000000001 
+0.0000 -5.0000 -10.0000 ZERO ~-”~FSR 000000000000 


Table 3. Digital Output Codes vs, Analog Input for Unipolar and Bipolar Ranges 
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Analog Input Section Offset Adjust Circuit 

The offset voltage of the AD364 may be adjusted at either the 
Analog Input Section or the ADC Section. Normally the ad- 
justment is performed at the ADC but in some special appli- 
cations, it may be helpful to adjust the offset of the Analog 
Input Section. An example of such a case would be if the in- 
put signals were small (<10mV) relative to Analog Input Section 
voltage offset and gain was inserted between the Analog Input 
Section and the ADC. To adjust the offset of the Analog Input 
Section, the circuit shown in Figure 7 is recommended. Under 
normal conditions, all calibration is performed at the ADC 
Section. 


100k22 
OFFSET VOLTAGE TO V+ ANALOG (+15V) 
ADJUST 


Figure 7. Analog Input Section Offset Voltage Adjustment 


RANGE CONNECTIONS FOR THE ADC SECTION 


The ADC contains all the active components required to 
perform a complete 12-bit A/D conversion. Thus, for most 
situations, all that is necessary is connection of the power sup- 
plies (+5, +15, and -15 volts), the analog input, and the con- 
version initiation command. Analog input connections and 
calibration are easily accomplished; the unipolar operating 
mode is shown in Figure 8. 


All of the thin film application resistors of the ADC are trim- 
med for absolute calibration. Therefore, in many applications, 
no calibration trimming will be required. The absolute ac- 
curacy for each grade is given in the specification tables. For 
example, if no trims are used, the AD364K guarantees 4LSB 
max zero offset error and +0.3% (8LSB) max full scale error 
(typical full scale error is +2LSB). If the offset trim is not re- 
quired, pin 12 can be connected directly to pin 9; the two 
resistors and trimmer for pin 12 are then not needed. If the 
full scale trim is not needed, a 5092 +1% resistor should be 
connected between pin 8 and pin 10. 


The analog input is connected between pin 13 and pin 9 fora 
O to +10V input range, between 14 and pin 9 for an input 
range of 20V. For the 10 volt span input, the LSB has a nomi- 
nal value of 2.44mV, for the 20 volt span, 4.88mV. If a 10.24V 
range is desired (nominal 2.5mV/bit), gain trimmer R2 should 
be replaced by a 50Q2 resistor, and a 2002 trimmer inserted 
in series with the analog input to pin 13. For a full scale 
range of 20.48V (SmV/bit), use a 50022 trimmer into pin 14. 
The gain trim described below is now done with these trim- 
mers. The nominal input impedance is 5k{2 into pin 13, and 
10kQ2 into pin 14. 


2 STS 28 

3 cS HIGH BITS 

rare 24-27 

5 RIC MIDDLE BITS 

fey 20-23 
EN 6 CE 

LOW BITS 

16-19 


10 REF IN 


8 REF OUT AD364 


12 BIP OFF 
+5V 1 


13 10Vin 
14 20Vin 


+15V 7 
-15V 11 


ANALOG 
INPUTS 


9 ANACOM DIG COM 15 


2 STS 28 
3 CS HIGH BITS 
4 fo 24-27 
5 RIC MIDDLE BITS 
20-23 
6 CE 
LOW BITS 
16-19 
10 REF IN 


8 REF OUT 


AD364 


12 BIP OFF 


+5V 1 


+5V 
ANALOG 13 10Vin +15V 7 
INESTS 14 20Vin -15V 11 
+10V 
8 9 ANACOM DIG COM 15 
Figure 9. Bipolar Input Connections 
Calibration 


Calibration of the AD364 consists of adjusting offset and gain. 


Relative accuracy (linearity) is not affected by these adjust- 
ments, so if absolute zero and gain error is not important in a 
given application, or if system intelligence can correct for such 
errors, calibration may be unnecessary. 


External ZERO ADJ and GAIN ADJ potentiometers, con- 
nected as shown in Figures 8 and 9, are used for device cali- 
bration. To prevent interaction of these two adjustments, Zero 
is always adjusted first, then Gain. Zero is adjusted with the 
analog input near the most negative end of the analog range 

(0 for unipolar and -FS for bipolar input ranges). Gain is 
adjusted with the analog input near the most positive end of 
the analog range. 
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0 to +10V Range: Set analog input to +1LSB = +0.0024V. 
Adjust Zero for digital output = 000000000001; Zero is now 
calibrated. Set analog input to +FSR -2LSB = +$.9952V. Ad- 
just Gain for 111111111110 digital output code; full-scale 
(Gain) is now calibrated. Half-scale calibration check: set ana- 
log input to +5.0000V; digital output code should be 
100000000000. 

-10V to +10V Range: Set analog input to -9.9951V; adjust 
Zero for 000000000001 digital output (offset binary) code. 
Set analog input to +9.9902V; adjust Gain for 111111111110 
digital output (offset binary) code. Half-scale calibration check: 
set analog input to 0.0000V; digital output (offset binary) 
code should be 100000000000. 


Other Ranges: Representative digital coding for 0 to +10V, 
-5V to +5V, and -10V to +10V ranges is shown in Table 3. 


Zero and full-scale calibration can be accomplished to a preci- 
sion of approximately +%LSB using the static adjustment pro- 
cedure described above. By summing a small sine or triangular- 
wave voltage with the signal applied to the analog input, the 
output can be cycled through each of the calibration codes 

of interest to more accurately determine the center (or end 
points) of each discrete quantization level. A detailed descrip- 
tion of this dynamic calibration technique is presented in 
‘A/D Conversion Notes”, D. Sheingold, Analog Devices, Inc., 
1977, Part II, Chapter II-4.* 


Other Considerations 


Grounding: The analog common at pin 9 is the ground refer- 
ence point for the internal reference and is thus the “high 
quality” ground for the ADC; it should be connected directly 
to the analog reference point of the system. In order to achieve 
all of the high accuracy performance available from the 
AD364 in an environment of high digital noise content, it is 
recommended that the analog and digital commons be con- 

_ nected together at the package. The digital common at pin 15 
can be connected to the most convenient ground reference 
point; analog power return is preferred. If digital common 
contains high frequency noise beyond 200mV this noise may 
feed through the converter, so that some caution will be re- 
quired in applying these grounds. 


Power Supply Bypassing: The +15 V and +5V power leads 
should be capacitively bypassed to Analog Ground and Digital 
Ground respectively for optimum device performance. 1uF 
tantalum types are recommended; these capacitors should be 
located close to the system. High frequency power supply 
decoupling is required for the ADC section only. The AIS has 
power lead bypassed internally with a 0.039uF ceramic 
capacitor. 


Applications. 

Transducer Interfacing 

The precision +10V reference, buffer amplifier and mode 
switch can simplify transducer interfacing. Figure 10 illus- 
trates how these features may be used to advantage. The 
AD590 is a temperature transducer that can be considered 

an ideal two-terminal current source with an output of one 
microamp per degree Kelvin (1uA/°K). With an offsetting cur- 
rent of 273uA sourced from the +5.46 volt buffered reference 
through 20k22 resistors (R1-R12) each of the 12 AD590 cir- 
cuits develop -20mV/°C. The outputs are monitored with the 
AD364 front-end in the single-ended mode (Logic ‘‘0” on the 
Mode Control input). 


“Available from any Analog Devices sales office. Price is $5.95. 
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Figure 10. AD364 Transducer Interface Application 


The +5.46 volt reference is derived from the ADC +10 volt 
precision reference and voltage divider R13, R14. Low output 
impedance for this +5.46 volt reference is provided by the 
buffer amplifier. (The 3uV/°C offset voltage drift of the buf- 
fer amplifier contributes negligible errors.) At OC, each tem- 
perature transducer circuit delivers a 0 volt output. At 125°C, 
the output is -2.5V; at -55°C, the output is +1.10V. By using 
a two’s complement ADC output (complementing MSB for a 
sign bit), the negative voltage versus temperature function is 
inverted and digital reading proportional to temperature in 
degrees centigrade is provided. Resolution is 0.061°C per 
least significant bit. 


The precision +10 volt reference is also used to power several 
bridge circuits that require differential read-out. When address- 
ing these bridge transducers, a Logic ‘‘1"’ at the mode control 
input will switch the AD364 to the differential mode. In many 
cases, this feature will eliminate the requirement for a differen- 
tial amplifier for each bridge transducer. 


Microprocessor Interfacing 


The ADC section of the AD364 has a versatile set of control 
functions which will allow interface to a wide variety of micro- 
processor types as well as stand alone applications. 


Table 4 is a summary of the most popular microprocessor 
types and their interface requirements. Figures 11 & 12 are 
examples of the simplicity of the microprocessor interface, 
as it can be seen no additional parts are required to interface 
to a 6800 uP, only one gate for an 8080. 


A0574 CONTROL INPUTS 


uP CE R/C cs AO 
—oo——=——— ——- 
MEMORY MAPPED | (MEMWeMEMR) (MEMR) 
1/0 DECODED 
- 8080 - oan at “ppmeRe oo 
PROGRAMMED (I/OW e@ 1/OR) (1/OR) 
/0 
6800 ¢2 R/W DECODED Ko 
ADDRESS 
6502 2 R/W DECODED ‘Ké 
ADDRESS 
MEMORY MAPPED DECODED ADDRESS 
1/0 oe wea WITH MREQ 
- Z80 - (RD @ WR) (RD) AO 
PROGRAMMED DECODED ADDRESS 
1/0 WITH IOR 
8048 (RD e WR} (RD) PORT 2) .3° PORT 2) .3* 


*Port 2, Lines 0-3 Can be Used as a 4 Bit Address Bus. System Address Decoding 
Requirements Vary from No Hardware to a Fully Latched 12-Bit Address, 
Depending on System Complexity. 


Table 4. Recommended Control Signals for the ADC Section 


The single-chip microcomputers now available such as the 
8048, 6801 and 3870 include fully decoded I/O ports on the 
chip, as well as CPU, clock, RAM and ROM. This sidesteps the 
need for address decoding for I/O devices in many systems. 
The 8048 contains 64 bytes of RAM, 1k bytes of ROM, and 

2 programmable 8-bit I/O ports which can be used either as 
inputs or outputs. A third 8-bit port, designated BUS, is a 
bidirectional port which can be used for expanded I/O or 
memory. 


The AD364 interfaces easily to an 8048 single-chip micro- 
computer to provide a complete data-acquisition system with 
minimal package count. In this system, 5 of the 8 bits of Port 
1 drive the SE/DIFF MODE and channel select address inputs. 
Since the outputs of Port 1 are already latched, it is not neces- 
sary to use the latch built into the AD364. The LATCH input 


8228 is tied to Logic “‘1”’ which causes the latch to be transparent. 
SYSTEM . 
CONTROLLER The set-up byte at Port 1 for the conversion takes the follow- 
ing format: 
Py-7 Pi-o 
0: SINGLE-ENDED “DON’T CARES" INPUT 
1: DIFFERENTIAL CHANNEL 
ADDRESS 
DC POWER 
(£15V, +5V) 
AD364 
ANALOG INPUT 
SECTION HOLD 
CAPACITOR 
“HIGH” 7 
AD364 
ADC 
SECTION 
ANALOG 
INPUTS ANALOG IN 
“LOW” 


PORT 2 
(1 BIT USED) 


LATCHES 
AND 
CONTROL 


PORT 1 
(5 BITS USED) 


Figure 13. AD364/8048 Interface 
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% OUTLINE. DIMENSIONS 
PACKAGE SPECIFICATIONS 
Dimensions shown in inches and (mm). 
HOLD CAPACITOR 
Top ts! 0.69 AA 5) = As = P 

*THIS DIMENSION IS FOR POLYSTYRENE CAPACITOR 

SUPPLIED WITH J AND K GRADES. 

MAX BODY LENGTH OF TEFLON CAPACITOR SUPPLIED 

WITH S AND T GRADES IS 1.00” 

AD364 ORDERING GUIDE 
Package Style’ 
Analog Input Analog to Digital 

Model Linearity Temp. Range Section Converter 
AD364JD +0.024% 0 to +70 C HY32D D28A 
AD364KD +0,.012% 0 to +70°C HY32D D28A 
AD364SD +0.024% -55°C to +125°C HY32D D28A 
AD364TD +0.012% -55°C to +125°C HY32D D28A 
AD364SD/883B  +0.024% -55°C to +125°C HY32D D28A 
AD364TD/883B +0.012%  _-55°C to +125°C HY32D D28A 


*See Section 20 for package outline information. 
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FEATURES 

Complete Data Acquisition System 
12-Bit Digital Output 

16 Single or 8 Differential Analog Inputs 
High Throughput Rate 

Selectable Analog Input Ranges 
Versatile Input/Output/Contro! Format 


MUX EN LO 
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Low-Cost, High Speed 


Data Acquisition Module 
DAS1128 
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GENERAL DESCRIPTION 

The DAS1128 is a complete self-contained miniature high 
speed data acquisition system. The compact 3" x 4.6" x 0.375" 
module provides the designer with an easily implemented solu- 
tion to the data acquisition problem. It contains an analog in- 
put signal multiplexer, a sample-and-hold amplifier, a 12-bit 
A/D converter, and all of the programming, timing and control 
circuitry needed to perform the complete data acquisition 
function. 


. TYPICAL APPLICATIONS 
DAS1128 WITH MOTOROLA 6800 


6800 


DATA BUS 


JS 
B. 8 
U 


OAS1128 
MUX OUT 


4LsB 


8MSB 


NOTE: 


1. 8255 USED IN MODE 1 (STROBED 1/0) 

2. PC6 INDEXES MUX TO DESIRED CHANNEL 

3. CS TO A; (WHERE, A, IS AN ADDRESS BIT OTHER THAN Ag OR A) 
4. PC7 INITIATES CONVERSION 

5. EOC STROBES IN DATA AND MUX INFO 

6. 8255 SHOWN, HOWEVER 6820 CAN ALSO BE USED 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 15-17. 


238 9 


DELAY ADJ. 
3.0ps € ty 
< 20ys 


The DAS1128 is a high performance device which can digitize 
an analog signal to an accuracy of +%LSB out of 12 bits, rela- 
tive to full scale. It has +8ppm/°C gain temperature coefficient, 
and the maximum throughput rate can be varied from 50,000 
conversions/second for a 12 bit conversion from different 
analog input channels, to 200,000 conversions/second for a 
successive 4-bit conversion made on a single channel. 


DAS1128 WITH INTEL 8080 


J | 


DAS1128 


NOTE: 

1, 8255 USED IN MODE 1 (STROBED 1/0) 

2. CS TO Aj (WHERE, Aj IS AN AODRESS BIT OTHER THAN Ag OR A}) 
3. PC6 INDEXES MUX TO DESIRED CHANNEL 

4. PC7 INITIATES CONVERSION 

5. EOC STROBES IN DATA AND MUX INFO 
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SPECIFICATIONS 


ANALOG INPUTS 
Number of Inputs to Multiplexer 


Input Voltage (Full Scale Range) 


Maximum Input Voltage 
Input Current (per channel) 
Input Impedance 

Input Capacitance 


Input Fault Current (power off or 
MUX failure) 
Direct ADC Input Impedance 


ACCURACY’ 
Resolution 
Error Relative to F.S. 
Quantization Error 
Differential Nonlinearity Error 
@ 33kHz throughput rate 
@ 50kHz throughput rate 
Noise Error 
-FS to +FS Error Between Succes- 
sive Channel Transitions 


TEMP. COEFFICIENTS 
Gain 
Offset 
Differential Nonlinearity 


SIGNAL DYNAMICS 
Throughput Rate (12 Bits) 


MUX Crosstalk (“OFF”’ channels 
to “ON” channel) 
Differential Amplifier CMRR 
’ SHA Acquisition Time to 0.01% 
SHA Aperture Uncertainty 
SHA Feedthrough 


DIGITAL INPUT SIGNALS 
Compatibility 


MUX Address Inputs (8, 4, 2, 1; 
Pins 19B through 22B) 


MUX ENABLE HI (Pin 18T) 


MUX ENABLE LO (Pin 17B) 


STROBE (Pin 24T or 25T) 


LOAD ENABLE (Pin 24B) 


CLEAR ENABLE (Pin 25B) 


TRIGGER (Pin 26T) 


TRIGGER (Pin 27T) 


‘Warmup time to rated accuracy is 5 minutes. 


ok a 


ncaa 


16 Single Ended, 8 True-Differential, 
16 Pseudo-Differential 

-10V to +10V, OV to +10V, -5V to 
+5V, OV to +5V, -10.24V to 
+10.24V, OV to +10.24V, -5.12V 

to +5.12V, or OV to +5.12V. 

+15V 

5nA max 


' >10!° ohms 


10pF for “OFF” channel 
100pF for “ON” channel 


Internally limited to 20mA 
10k22 for each input line 


12 Bits 
+%LSB 
+”%LSB 


+¥%LSB, 1LSB max 
+1LSB 
t%LSB 


+1LSB 


8ppm/°C, 20ppm/°C max 
Sppm/°C, 1Sppm/°C max 
2.5ppm/°C, 6ppm/°C max 


5O0kHz (max) 
(includes Sus for MUX and SHA 
settling time plus 15us for ADC) 


>80dB down @ 1kHz 
70dB to 1kHz 

4.5us max 

10ns 

70dB down @ 1kHz 


Standard DTL/TTL logic levels, 
1 unit load/line : 
Positive true natural binary coding 
selects channel for random address- 
ing mode. Must be stable for 
100ns after STROBE. 
High (Logic ‘*1”) input enables MUX 
“HI” output (for inputs 0 through 7) 
High (Logic ‘*1”’) input enables MUX 
“LO” output (for inputs 8 through 
15) 
Negative going transition (Logic ‘‘1”’ 
to Logic “‘0”’) updates MUX address 
register. 1 must be a Logic 
“1” to enable STROBE 2. 
2 must be at Logic ‘‘1”’ to enable 
STROBE 1. 
High (Logic “‘1”’) input allows next 
STROBE command to sequentially 
advance MUX address register. 
Low (Logic ‘‘0”’) input allows next 
command to update MUX 
address register according to exter- 
nal address inputs. 
Low (Logic “‘0’’) input allows next 
STROBE command to reset MUX 
address to channel “‘O”’ overriding 
LOAD ENABLE. 
Positive going trans‘tion (Logic “‘0”’ 
to Logic ‘‘1”’) initiates A/D conver- 
sion (even during conversion); _ 
TRIGGER (Pin 27T) must be at 
Logic ‘‘0” to allow TRIGGER 
function. 
Negative going transition (Logic “1” 
ta Logic ‘‘0’’) initiates A/D conver- 
sion; Pin 26T (TRIGGER) must be 
at Logic ‘‘1”’ to allow TRIGGER 
function. 


* Specification applies only when tracking +15V and -15V supplies are used, and for 
slowly occuring variations in power supply voltages. 


Specifications subject to change without notice. 
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nless otherwise noted) 


DIGITAL OUTPUT SIGNALS 
Compatibility 


Parallel Outputs 
Coding 


MUX Address Outputs 
(8, 8, 4, 2, 1; pins 18B, 
19T through 22T) 

DELAY OUT (Pin 23T) 


EOC (Pin 27B) 


ADJUSTMENTS & TRIMS 
Offset Adjust 
Internal Adjustment (Externally 
Accessible) 
Remote External Adjustment 
(Pin 16T) 
Range Adjust 
Internal Adjustment (Externally 
Accessible) 
Remote External Adjustment 
(Pin 16B) 
Clock Trim (Pin 26B) 


Factory Setting (Pin 26B “OPEN’’) 


External Adjustment Range 
Delay Trim (Pin 23B) 
Factory Setting (Pin 23B 
“OPEN’”’) 
External Adjustment Range 


CONTROLS 
SHORT CYCLE (Pin 28T) 


Channel Selection Mode 
(MUX Address Loading Mode) 


A-D Conversion/Channel-Select 
Sequences 


Range Select (Pin 12T) 


BINARY SCALE (Pin 15B) 


OUTPUT CODING (Pin 17T) 


POWER REQUIREMENTS 
+15V 3% 
-15V +3% 
+5V t5% 
Power Supply Sensitivity? : 
Gain 
Offset 
Ref 
ENVIRONMENT & PHYSICAL 
Operating Temperature 
Storage Temperature 
Relative Humidity 
Electrical Shielding 


Packaging 


Standard DTL/TTL logic levels; 5 
unit loads/line. 

BI, B1 through B12 

Natural binary, two’s complement, 
offset binary, or one’s complement. 
Pin selectable. 

Positive true natural binary coding 
indicates channel selected. 


Negative going transition (Logic ‘‘1”’ 
to Logic ‘0’’) occurring normally 
Sus (adjustable from 3.0us to 

20us) after STROBE command 
initiates A/D conversion automati- 
cally when connected to the 


High (Logic “‘1"’) output during A/D 
conversion. 


+10LSBs (min) 


+10LSBs (min) 


+10LSBs (min) 
+10LSBs (min) 


1.25ps/Bit 
1.25us/Bit to 2.08us/Bit 


3.Ous 
3.Ous to 20us 


Connect to ground for full 12 bit 
resolution. Connect to By output 
for resoluticn to B,- bits. 
Random, sequential continuous, 
and sequential triggered. Pin 
selectable. 

Normal (input channel remains 
selected during its A/D conversion) 
and overlap (next channel selected 
during A/D conversion). Pin select- 
able. 
Differential Amplifier gain control: 
connect to ANA RTN (Pin 2T) for 
X1 gain; connect to AMP OUT (Pin 
13B) for X2 gain. This control is 
used in FSR selection procedure. 
Connect to REF ADJ (Pin 16B) to 
set reference to 10.24V. This con- 
trol is used in FSR selection pro- 
cedure. 

Ground for 1’s complement output 
code; connect to -15V dc for other 
available codes. 


40mA, 50mA max 
70mA, 100mMA max 
250mA, 500mA max 


+2.0mV/V 
+4.0mV/V 
+0.5mV/V 


0 to +70°C 

-25°C to +85°C 

Up to 95% noncondensing 

RFI & EMI 6 sides (except connec- 
tor area) 


Insulated steel cased module 3.00" x 4.60” x 


0.375" 


ANALOG 
DEVICES 


1 


14-Bit & 15-Bit Sampling 
Analog To Digital Converter 
DAS1152/DAS1153 


FEATURES 

Complete with High Accuracy Sample/Hold and 
A/D Converter 

Differential Nonlinearity: + 0.002% FSR max 

(DAS1153) 
Nonlinearity: DAS1152: +0.005% FSR max 
DAS1153: +0.003% FSR max 

Low Differential Nonlinearity T.C.: +2ppm/°C max 

High Throughput Rate: 25kHz max (DAS1152) 

High Feedthrough Rejection: — 100dB 

Byte-Selectable Tri-State Buffered Outputs 

Internal Gain & Offset Potentiometers 

Improved Second Source to A/D/A/M 824 and 
A/D/A/M 825 Modules 

Low Cost 


APPLICATIONS 

Process Control Data Acquisition 
Automated Test Equipment 
Seismic Data Acquisition 
Nuclear Instrumentation 

Medical Instrumentation 
Robotics 


GENERAL DESCRIPTION 

The DAS1152/DAS1153 are 14-/15-bit sampling analog-to-digital 
converters having a maximum throughput rate of 25kKHz/20kHz. 
They provide high accuracy, high stability, and functional 
completeness all in a 2” x 4” x 0.44” metal case. 


Guaranteed high accuracy system performance such as nonlinearity 
of +0.005% FSR (DAS1152)/+ 0.003% FSR (DAS1153) and 
differential nonlinearity of + 0.003% FSR (DAS1152)/+ 0.002% 
FSR (DAS1153) are provided. Guaranteed stability such as 
differential nonlinearity T.C. of + 2ppm/°C (DAS1153) maximum, 
zero T.C. of +80uV/°C maximum, gain T. C. of + 8ppm/°C 
maximum and power supply sensitivity of +0.001% FSR/% Vs 
are also provided by the DAS1152/DAS1153. 


The DAS1152/DAS1153 make extensive use of both integrated 
circuit and thin film components to obtain their excellent 
performance, small size, and low cost. The devices contain a 
precision sample/hold amplifier, high accuracy 14-/15-bit analog- 
to-digital converter, tri-state output buffers, internal gain and 
offset trim potentiometers, and power supply bypass capacitors 
(as shown in Figure 1). 


Four analog input voltage ranges are selectable via user pin 
programming: 0 to +5V, 0 to +10V, +5V, and +10V. Uni- 
polar coding is provided in true binary format with bipolar 
coding displayed in offset binary and two’s complement. 
Tri-state buffers provide easy interface to bus structured 
applications. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
~ mation on this product can be found in Volume II, page 15-25. 


DAS1152/DAS1153 
FUNCTIONAL BLOCK DIAGRAM 
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(ANALOG & DIGITAL GNDS 
ARE CONNECTED INTERNALLY) 


*S/H INPUT IS THE ANALOG SIGNAL INPUT IF THE 
INTERNAL SAMPLE/HOLD AMPLIFIER IS USED. 


OPERATION | 

The DAS1152/DAS1153 are functionally complete data acquisition 
subsystems being fully characterized as such. All the necessary 
data acquisition and microprocessor interface elements are 
provided internal to these devices. Accuracy and performance 
criteria are tested and specified for the entire system. Thus, 
design time and associated high accuracy problems are minimized 
because layout and component optimization have already been 
performed. 

For operation, the only connections necessary to the DAS1152/ 
DAS1153 are the +15V and +5V power supplies, analog input 
signal, trigger pulse, and the HI-ENABLE/LO-ENABLE tri- 
state controls. Analog input and digital output programming are 
user selectable via external jumper connections. 
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ie ike ay 2 ak 


SP FC FI CATIONS (typical . + - unless otherwise specified) 


_MODEL - DAS1152 DAS1153 
RESOLUTION 14 Bits 15 Bits 
DYNAMIC PERFORMANCE 
Throughput Rate 25kHz max 20kHz max 
Conversion Time 35s max 44s max 
S/H Acquisition Time 4s max Sps max 
S/H Aperture Delay 5Ons x 
S/H Aperture Uncertainty . Ins * 
Feedthrough Rejection! — 100dB : 
Droop Rate 0.05pV/ps (0. 1. V/rs max) * 


* 


Dielectric Absorption Error + 0.005% of Input Voltage Change 


ACCURACY 
Integral Nonlinearity” + 0,005% FSR? max + 0.003% FSR? max 
Differential Nonlinearity + 0.003% FSR? max + 0.002% FSR? max 
No Missing Codes ~ (+10°Cto + 40°C) * 
+ 30 Noise (S/H plus A/D) 75pV rms i 
+ 30 Noise (A/D) SOV rms | us 
STABILITY 
Differential Nonlinearity T.C. + 2ppm/°C max i 
Gain T.C. + 8ppm/°C max 
Zero T.C. + 30nV/°C typ, + 80nV/°C max es 
Power Supply Sensitivity + 0.001% FSR7/% V, 7 


ANALOG INPUT. 
Voltage Range 
Bipolar +5V, +10V * 
Unipolar Oto +5V,0to + 10V im 
ADC Input Impedance 0 to +5V 2.5kO = 
Oto +10V, +5V 5kQ x 
+10V 10.0kQ — i 
S/H Input Impedance 100MQ)|SpF ad 
DIGITAL INPUTS 
Convert Command* ITTL Load, Positive Pulse * 
Negative Edge Triggered * 
S/H Control HOLD = Logic0 i 
SAMPLE = Logic 1 i 
Low Enable, High Enable ENABLE = Logic 0 * 
SNR SI ESET A A SIR AU EE OS 
DIGITAL OUTPUTS 
Parallel Data Outputs 
Unipolar Binary * 
Bipolar Offset Binary, 2’s Complement “ 
Output Drive 2TTL Loads = 
Status Logic “1”? During Conversion * 
Output Drive 2TTL Loads * 


INTERNAL REFERENCE VOLTAGE + 10V, +0.3% . 


External Load Current (Rated Performance) 2mA max * 
Temperature Stability + Sppm/°C max * 
POWER REQUIREMENTS 

Rated Voltages + 1SV(+ 3%), +5V(+5%) * 
Operating Voltages? +12Vto +17V, +4.75Vto +5.25V * 
_ Supply Current Drain + 15V +37mA * 
+5V 80mA * 

TEMPERATURE RANGE 
Specified Oto + 70°C * 
Operating Oto+70°C rm 
Storage — 25°C to + 85°C . 
Relative Humidity Meets MIL-STD-202E, Method 103B * 
Shielding Electrostatic (RFI) 6 Sides, * 
* 


Electromagnetic (EMI) 5 Sides 
2” x 4" x 0.44” Metal Package 


a 
N 
i 


far 
Igy] 
n 


*Specifications same as DAS1152 
‘Measured in hold mode, input 20V pk-pk @ 10kHz. 

?Worst-case summation of S/H and A/D nonlinearity errors. 

3FSR means Full Scale Range. 

“When connecting the Convert Command and the S/H control terminals together, the pulse width must be long enough for the S/H 
amplifier to acquire the input signal to the required accuracy 4s (max, DAS1152)/Sps (max, DAS1153). If the A/D converter | 
is only used, the Convert Command pulse width should be 100ns min, 

‘If only the ADC portion is used, the operating power supply voltage can be maintained at + 12V to +17V. But if the S/H section is 

required, the operating voltage must be maintained at + IN (+ 3%) or the S/H input voltage must be limited to — 7V 
to + 10V for a + 12V supply voltage. 

*Recommended Power Supply: Analog Devices Model 923. 


Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm), 


NONCONDUCTIVE LABEL 


0.025 DIA PIN 
HALF-HARD BRASS 
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METAL CASE 
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TOP VIEW >| j-0.1 (25.4) GRID 
“FOR MODEL 0AS1153 - BIT 15 (LSB). 
**FOR MODEL DAS1152 - BIT 14 (LSB). 


CASE IS NOT HERMETICALLY SEALED 


ANALOG 
DEVICES 


FEATURES 
Functionally Complete: 

Includes Instrumentation Amplifier, Sample/Hold 

Amplifier, and Analog to Digital Converter 
Differential Nonlinearity: + 0.002% FSR max (DAS1156) 
Guaranteed Nonlinearity: + 0.005% FSR (DAS1155) 

+ 0.003% FSR (DAS1156) 

High Common Mode Rejection: — 80dB (up to 500Hz) 
High Feedthrough Rejection: —96dB 
Resistor Programmable Gain: 1V/V to 1000V/V 
Byte Selectable Tri-State Buffer Outputs 
Internal Gain and Offset Potentiometers 


APPLICATIONS | 

Low Level High Accuracy Data Acquisition Systems 
Process Control 

Nuclear Instrumentation 

Automated Test Equipment 

Medical Instrumentation 


GENERAL DESCRIPTION 

The DAS1155/DAS1156 are 14-/15-bit low level data acquisition 
systems having a maximum throughput rate of 25kHz/20kHz. 
These data acquisition systems provide high accuracy, high 
stability, and functional completeness all in a2” x 4” x 0.44" 
metal case. 


Guaranteed high accuracy system performance such as nonlinearity 
of +0.005% FSR (DAS1155)/ + 0.003% FSR (DAS1156) and 
differential nonlinearity of + 0.003% FSR (DAS1155)/ + 0.002% 
FSR (DAS1156) are provided. Guaranteed stability such as 
differential nonlinearity T.C. of + 2ppm/°C.maximum, offset 
T.C. of +(1 + 50/G) pV/° (RTD and gain T.C. (RTI) of + 16ppm/ 
°C are also provided by the DAS1155/DAS1156. 


Each DAS1155/DAS1156 makes extensive use of both integrated 
circuit and thin-film components to obtain its excellent perfor- 
mance and small size. Incorporated in these devices are a gain 
programmable instrumentation amplifier, precision sample/hold 
amplifier, high accuracy 14-/15-bit analog to digital converter, 
tri-state output buffers, gain and offset trim potentiometers, and 
power supply bypass capacitors (as shown in Figure 1). 


Unipolar coding is provided for true binary format with bipolar 
coding displayed in offset binary or two’s complement. Tri-state 
buffers are available for easy interface to bus structured applica- 
tions. 


This two-page data summary contains key specifications to speed your 
selection of the proper solution for your application. Additional infor- 
mation on this product can be found in Volume II, page 15-29. 
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—-14-Bit & 15-Bit Low Level 


Data Acquisition Systems 
—_DAS1155/DAS1156 


DAS1155/DAS1156 
FUNCTIONAL BLOCK DIAGRAM 


+10V 
REF OUT --@ REFERENCE 
' 
t 
BIPOLAR OFFSETL _ 4 ADC FS = 10V (UNIPOLAR) 
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OHI ENABLE 


O MSB 

(+) INPUT G SAMPLE/ 
HOLD 

(=) INPUT @ AMPLIFIER 


ae | BIT = 
GAIN = (1+) Ro 70 OsiT 7 
S/H CONTROL 


TRI 
z STATE A 

£0c 9 eurrerns[ Ro 

CQNVERT COMMAND Q OBIT 14 (LSB FOR DAS1155) 

OBIT 15 (LSB FOR DAS1156) 


+15VQ Q +5V 


(ANALOG & DIGITAL GROUNDS 


ARE CONNECTED INTERNALLY) 


© DIGITAL GROUND 


OPERATION 

The DAS1155/DAS1156 are designed, built, and tested to meet 
system data acquisition requirements. These units can significantly 
reduce design and debug time by providing, in one package, all 
of the circuitry necessary for low level data acquisition and 
microprocessor bus interface. 


For operation, the only connections necessary to the DAS1155/ 
DAS1156 are the +15V and +5V power supplies, analog input 
signal, trigger pulse, and the HI-ENABLE/LO-ENABLE tri-state 
controls. Digital output programming is user selectable via 
external jumper connections. 
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SPECIFICATIO 


MODEL DAS1155 DAS1156 
RESOLUTION 14 Bits 15 Bits 
DYNAMIC CHARACTERISTICS 
ADC Conversion Time 35s max 44s max 
IA Settling Time, (10V Output Step) 
to 0.003% FSR @G=1 15s max - 
to 0.003% FSR @ G= 10 15s max * 
to 0.01% FSR @ G = 1000 50ps max ‘ 
Throughput Rate @ G= 1, 10 25kHz max 20kHz max 
SAMPLE HOLD 
Acquisition Time 4us max Sps max 
Aperature Delay Time : 50ns . 
Aperture Uncertainty Time Ins * 
Feedthrough Rejection ! — 96dB - 
Droop Rate 0.05pV/ps * 


ACCURACY 


Differential Nonlinearity (FSR)? + 0.003% max + 0.002% max 
Integral Nonlinearity (FSR)? + 0.005% max + 0.003% max 
No Missing Codes Guaranteed * 
Offset Error Adjustable to Zero * 
Gain Error - Adjustable to Zero ig 


TEMPERATURE COEFFICIENTS 
Offset (RTI) 


Gain (RTI) 
Differential Nonlinearity 


ANALOG INPUTS 


+(1 + 32) uwrc * 
(1+ % 


+ 16ppm/°C * 
+ 2ppm/°C max 


ADCFSR + 10mV to + 10V (Unipolar * 
Mousse Input Range| Gane +5mVto +5V ein * 
Instrumentation Amplifier 
Gain Resistor Programmable - = 
Gain Range 1 to 1000 * 
: . 20k * 
Gain Equation G=1+ ( Ro ) 
Input Impedance 108A * 
Bias Current 50nA . 
Offset Current 2nA = 
CMR (up to 500Hz) — 80dB i 
CMV +10V . 
DIGITALINPUTS 
ADC Convert Command‘ 1TTL Load, Positive Pulse 
Negative Edge Triggered 
SHA Control HOLD = Logic 0 
SAMPLE = Logic 1 
Low Enable, High Enable ENABLE = Logic 0 
A PP SE a ee Re I ET) 
DIGITAL OUTPUTS 
Parallel Data Outputs Tri-State 
Unipolar Binary 
Bipolar Offset Binary, 2’s Complement 
Output Drive 2TTL Loads . 
Status Logic “1” During Conversion 
Output Drive 2TTL Loads 


INTERNAL REFERENCE VOLTAGE +10V, + 0.3% 
External Load Current (Rated Performance) 2mA(max) 


Temperature Stability + 8.S5ppm/°C (max) 
POWER REQUIREMENTS 

Rated Voltages + 15V +5%, +5V +5% 

Operating Voltages? + 12Vto +17V, +4.75V to + 5.25V 

Supply Current Drain + 15V +45mA 

+5V 80mA 

TEMPERATURE RANGE 

Specified Oto + 70°C 

Storage — 25°C to + 85°C 

Relative Humidity (Meets MIL-STD-202E, Method 103B) 
SHIELDING Electrostatic (RFI) 6 sides, 

Electromagnet (EMI) 5 sides 

SIZE 2” x 4” x 0.44” metal package 
NOTES , 


‘Measured in hold mode, input 20V pk-pk @ 10kHz. 

2FSR means Full Scale Range. 

3Worst-case summation of IA, S/H and A/D nonlinearity errors. 

“When connecting the Convert Command the S/H control terminals together, the pulse 


N S (typical @ + 25°C and rated supplies unless otherwise noted) 


OUTLINE DIMENSIONS 


Dimensions shown in inches and (mm). 
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TOP VIEW 


*For Model DAS1156 - Bit 15 (LSB) 
**For Model DAS1155 - Bit 14 (LSB) 


INTERCONNECTION AND SHIELDING 
TECHNIQUES 

To preserve the high CMR characteristics of 
the DAS1155/DAS1156, care must be taken 
to minimize noise wherever possible. For best 
performance use twisted shielded cable, for 
the sensitive input signal, to reduce inductive 
and capacitive pickup. The cable should be 
connected as close as possible to the input 
common mode signal source. Place the gain 
setting resistor as close as possible to its re- 
spective terminal connections to avoid pick- 


up. 


me] bee 0.1 (25.4) GriD 


4us (min, DAS1155) Sys (min, DAS1156). 

5If a + 12V operating power supply is used, the analog input must be limited to +7V. 
*Recommended Power Supply: Analog Devices Model 923. 
*Same specifications as for DAS1155. 


width must be long enough for the S/H amplifier to acquire the input signal to the required accuracy Specifications subject to change without notice. 
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Contents 

Page 
Selection Guide 16-3 
General Information and Definitions of Specifications 16-4 
AD7501 8-Channel Multiplexer, High Enables 16-5 
AD7502 4-Channel Differential Multiplexer 16-5 
AD7503 8-Channel Multiplexer, Low Enables | 16-5 
AD7506 16-Channel Multiplexer 16-9 
AD7507 8-Channel Differential Multiplexer 16-9 
AD7510DI Dielectrically Isolated Quad SPST; Address High Closes Switch — 16-13 
AD7511DI Dielectrically Isolated Quad SPST; Address Low Closes Switch 16-13 
AD7512DI Dielectrically Isolated Quad SPDT 16-13 
®AD7590DI Dielectrically Isolated Quad SPST; Data Latches 16-21 
@®AD7591DI Dielectrically Isolated Quad SPST; Data Latches 16-21 
@®AD7592DI Dielectrically Isolated Dual SPDT; Data Latches 16-21 
ADG200 Dielectrically Isolated Dual SPST, Replaces DG200 16-29 
ADG201 Dielectrically Isolated Quad SPST, Replaces DG201 16-33 


eNew product since the 1980 Data-Acquisition Components and Subsystems Catalog 
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Selection Guide 
CMOS Switches & Multiplexers 


The devices catalogued in this section are grouped into two classes: Switches and Multiplexers. Descriptions, 
specifications, and application information can be found in the data sheets; definitions of the terminology can 
be found in the following pages. 


CMOS IC SWITCHES 


Vol I 
Type Characteristics Page 
AD7510DI Dielectrically isolated Quad SPST; Address High closes switch 16-13 
AD7511DI Dielectrically isolated Quad SPST; Address Low closes switch . 16-13 
ADG201 Dielectrically isolated Quad SPST, replace DG201 , 16-33 
ADG200 Dielectrically isolated Dual SPST, replace DG200 16-29 
AD7512DI Dielectrically isolated Quad SPDT 16-13 
@®AD7590DI Dielectrically Isolated Quad SPST; Data Latches _ .16-21 
®AD7591DI Dielectrically Isolated Quad SPST; Data Latches 16-21 
®AD7592DI Dielectrically Isolated Dual SPST; Data Latches 16-21 
CMOS IC MULTIPLEXERS Vol I 
Type Characteristics Page 
AD7501 8-channel multiplexer, High enables ‘ | 16-5 
AD7503 8-channel multiplexer, Low enables 16-5 
AD7502 4-channel differential multiplexer 16-5 
.AD7506 16-channel multiplexer | 16-9 
AD7507 8-channel differential multiplexer 16-9 


New product since the 1980 Data-Acquisition Components and Subsystems Catalog. 
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Orientation 
CMOS Switches & Multiplexers 


Analog Devices offers a complete line of monolithic CMOS 
analog multiplexers and switches, which utilize a high-break- 
down CMOS process, in conjunction with a double-layer inter- 
connect for high density. Both 8- and 16-channel multiplexers 
are available, in one-line and two-line (4- and 8-channel differ- 
ential) versions. The switches are dielectrically isolated duals 
and quads, available in a variety of contact forms. Both direct 
and inverted logic options are available for the most-popular 
- types. The popular AD7510/11/12DI (quad SPST/dual SPDT), 
which utilize dielectric isolation, are latchup-proof and can 
withstand overrange to t+25V beyond the supplies. 


CMOS switches have extremely low quiescent power dissipa- 
tion, require little drive or supply current while switching, and 
are low in cost. Their Ron is low and is, to a first-order, inde- 
pendent of applied voltage; in the off condition, leakage is quite 
small, both across the gate and to the drive and supply circuits. 
Most types respond to TTL/DTL, as well as CMOS, logic. 
Definitions for terminal nomenclature used in the data sheets 
_are given below, and a summary of device functions appears 

on the preceding page. General information on the nature of 
CMOS, its advantages, its applications, and its protection, is to 
be found in the Guide to CMOS Switches and Multiplexers, 
available from Analog Devices upon request. 


MULTIPLEXER TERMINOLOGY 
RON: Ohmic resistance between the output 
and an addressed input. 
RON vs. Temperature: ROn drift over the temperature range. 
ARON between Difference between the Ron ’s of any 
Switches: two switches. 


RON vs. Temperature Difference between the Ron drifts of 
between Switches: any two switches. 


Is: Current at any switch input, S1 through 


Sn. This is a leakage current when the 
switch is open. 

IOUT: Current at the output. This is a leak- 
age current when all switches are open. 


IouT - Is: Difference between the current going 
into terminal ‘‘S” and the current go- 
ing out of terminal ‘“‘out” when termi- 
nal ‘‘S” is addressed. 

VINL: Digital threshold voltage for the low 
state. 

VINH: Digital threshold voltage for the high. 
state. 

Cs: Capacitance between any open termi- 
na and ground. 

Pheg d g d 

COUT: Capacitance between the output termi- 
nal and ground with all switches open. 

Cs - OUT: Capacitance between any open termi- 
nal ‘‘S” and the output terminal. 

Css: Capacitance between any two “‘S”” 

terminals. 

transition: Delay time when switching from 


one address state to another. 
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topen: “OFF” time of both switches when 
switching from one address state 
to another. 

ton (En): Delay time between the 50% points 
of the enable input and the switch 
“ON” condition. 

toff (En): Delay time between the 50% points 
of the enable input and the switch 
“OFF” condition. 

VppD: Most positive voltage supply. 

Vss: Most negative voltage supply. 

Ipp: Positive supply current. 

Iss: Negative supply current. 

SWITCH TERMINOLOGY | 

Rps: Ohmic resistance between terminals 
D and S. 

Ip (Is): Current at terminals D or S. This is 

-a leakage current when the switch is 
OFF. 

Ips: Current flowing through the closed 
switch. 

Ip - Is: Leakage current that flows from the 
closed switch into the body. (This leak- 
age will show up as the difference 
between the current Ip going into the 
switch and the outgoing current Is.) 

Vp (Vs): Analog voltage on terminal D (S). 

Cg (Cp): Capacitance between terminal S (D) 
and ground, (This capacitance is speci- 
fied for the switch open and closed.) 

Cps: Capacitance between terminals D and 
S. (This will determine the switch iso- 
lation over frequency.) 

Cpp (Css): Capacitance between terminals D (S) 
of any 2 switches. (This will determine 
the cross coupling between switches 
vs. frequency.) 

tON: Delay time between the 50% points of 
the digital input and switch “ON” 
‘condition. 

tOFF: Delay time between the 50% points of 
the digital input and switch “OFF” 
condition. | 

VINL: Threshold voltage for the low state. 

VINH: Threshold voltage for the high state. 

INL (INH): Input current of the digital input. 

CIN: Input capacitance to ground of the 
digital input. 

Vpp: Most positive voltage supply. 

VSs: Most negative voltage supply. 

Ipp: Positive supply current. 

Iss: Negative supply current. 


ANALOG cmos: 
DEVICES 4/8 Channel Analog Multiplexers 


FEATURES 
7501, AD7503 FUNCTIONAL BLOCK DIAGRAM 
DTL/TTL/CMOS Direct Interface ee 


Power Dissipation: 30uW ?_ o xa PY 
Ron: 17082 

Output “‘Enable’”’ Control \* wel & 

AD7503 Replaces HI-1818 sed 


GENERAL DESCRIPTION 

The AD7501 and AD7503 are monolithic CMOS, 8-channel 
analog multiplexers which switches one of 8 inputs to a 
common output depending on the state of three binary ad- 


dress lines and an “enable” input. The AD7503 is identical AD7502 FUNCTIONAL BLOCK DIAGRAM 
to the AD7501 except its ‘‘enable”’ logic is inverted. All 


| 

v 
(-18v) O74 
L 


digital inputs are TTL/DTL and CMOS logic compatible. ?_ ry 9 
The AD7502 is a monolithic CMOS dual 4-channel analog 

multiplexer. Depending on the state of 2 binary address in- 8 

puts and an “‘enable’’, it switches two output buses to two <c 


of 8 inputs. Mss ot 
(-15V) 

All 3 devices are excellent examples of a high breakdown L 

CMOS process combined with a double layer interconnect for 

high density. Silicon nitride passivation ensures long term 

stability and reliability. 

PACKAGE IDENTIFICATION’ 

Suffix D: Ceramic DIP — (D16B) 

Suffix N: Plastic DIP — (N16B) 


*See Section 20 for package outline information. 


ABSOLUTE MAXIMUM RATINGS 
(Ta = +25°C unless otherwise noted) 


AD7501, AD7503 AD7502 
PIN CONFIGURATION PIN CONFIGURATION 


OU 
AO Vss Vop S1 14 S2 S3_ S4 


Vip? ONDE feels aia Y chalen bn cae cauess +17V Fe Cee oe ee 
Veg GND Aan he i bie Saeane e ae eee -17V pm ROU TO SeOee) 
V Between Any Switch Terminals................. 25V 16-PIN DIP 
Switch Current (I;, Continuous)............... 35mA TOP VIEW 
Switch Current (Is, Surge) 
Ims duration, 10% duty cycle............... 50mA 
Digital Input Voltage Range ............. Vpp to GND 


Power Dissipation (package) 
16 pin Ceramic DIP 


Up O75 Co aus bch eae ne he out euas 450mW 

Derates above +75°Cby.......... 0.000 0a 6mW/°C 
16 pin Plastic DIP 

UptO 770 C8 aS ot ete ha ae oat ee, 670mW 

Derates above +70 C by.......... 0.0000. 8.3mW/°C 
Operating Temperature 

Plastic (JN, KN versions) ............... 0 to +70°C 

Ceramic (JD, KD versions) ........... -25°C to +85°C 

Ceramic (SD versions) .............. -55°C to +125°C 
Storage Temperature.............004 -65°C to +150°C 
CAUTION: 


1. Do not apply voltages higher than Vpp and Vsg to any other terminal, especially 
when Vgg = Vpp = OV all other pins should be at OV. 

2. The digital control inputs are zener protected; however, permanent damage may 
occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 
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SPECIFICATIONS (Vpp = +15V, Vsg = -15V unless otherwise noted) 


aw a 
{ners 


PARAMETER VERSION’ SWITCH 
CONDITION 
ANALOG SWITCH 
Ron All ON 
Ron vs. Vs All ON 
Ron VS. Temperature All ON 
ARon Between Switches All ON 
Ron vs. Temperature Between 
Switches All ON 
Is J,K OFF 
S OFF 
lout J,K OFF 
S OFF 
lour — !s| dK ON 
S ON 
DIGITAL CONTROL 
ViNL All 
ViNH J 
K, S 
In OF tinn All 
N All 
DYNAMIC CHARACTERISTICS 
ton All 
"OFF All 
Cy All OFF 
Cour All OFF 
Cyout All OFF 
OFF 


Cog Between Any Two Switches All 
POWER SUPPLY . 


5 All 
Isg All 
Ipp All 
ise All 

NOTES 


*Same specifications as AD7501 and AD7503. 


1 
t . 


OVER SPECIFIED 


TEMP. RANGE 
@25°C AD7501, 
AD7501, AD7503 ' AD7502 AD7503 AD7502 
1702. typ, 3002 max 
20% typ 
0.5%/ C typ 
4% typ 
+0.01%/°C . 
0.2nA typ, 2nA max : 50nA max * 
0.5nA max bs 50nA max : 


1nA typ, 10nA max 0.6nA typ, 5nA max] 250nA max 125nA max 


5nA max 250nA max 125nA max 


12nA max 7nA max 300nA max 175nA max 
5.5nA max 3.5nA max 300nA max 175nA max 


se eae 
3.0V min * 
2.4V min ° 
10nA typ ’ 
3pF typ . 


0.8us typ 
0.8us typ 


500uA max 500uA max 
500uA max 5O00UA max * 


800A max . 800UA max * 
800A max i 800HA max * 


1 JN, KN versions specified for 0 to +70°C; JD, KD versions for -25°C to +85°C; and SD versions for -55°C to +125°C. 
7A pullup resistor, typically 1-2kQ is required to make the AD7501J, AD7502J compatible with TTL/DTL levels. The maximum value is 
determined by the output leakage current of the driver gate when in the high state. 


Specifications subject to change without notice. 


TRUTH TABLES 


AD7501 


A, Ay Ao En “ON ” 


~~ eee eK OOO fo 
«MH eH CORK OO 
~r OF OF- OY OC 


AD7503 
A, A, Ag Ey “ON” 


“~wr Or Or OF Oo 


ZFaonraunewnn 
5 
o 


0 
0 
1 
1 
0 
0 
1 
1 
xX 


AD7502 


Ay Ao En “ON ” 


-{TEST CONDITIONS 


-10V < Vs < +10V 
Ig = 1.0mA 


Vz = OV, Is = 1.0mA 


Vs. = -10V, Vout = +10V and 
Vs = +10V, Vout =-10V 


Vs = -10V, Vout = +10V and 
Vs = +10V, Vout = -10V 

AD7501/02: Enable LOW 

AD7503: Enable HIGH 


Vs = 0 


Note 2 


Vin = 0 to +5.0V 
(See Test Circuit 2) 


All Digital Inputs Low 


All Digital Inputs High 


ORDERING INFORMATION 


Plastic Ceramic 
(Suffix N) (Suffix D) 


AD7501JN 
AD7501KN 
AD7503JN 
AD7503KN 


AD7501JD 
AD7501KD 


AD7503JD 
AD7503KD 


AD7501SD 

| AD7503SD 
AD7502JN 
AD7502KN 

AD7502JD 

AD7502KD 


AD7502SD 


Operating 


Temperature Range 


0 to +70°C 


-25°C to +85°C 


-55°C to +125°C 


0 to +70°C 


-25°C to +85°C 


-55°C to +125°C 


Note: Ceramic versions are available 100% screened to MIL-STD-883, 


method 5004 for a class B device. To 
model number. 


VOL. |, 16-6 CMOS SWITCHES & MULTIPLEXERS 


order, add ‘‘/883B”’ to 


1. Ron As A Function Of Switch Voltage (Vs) 


At Different Power Supplies 


2. Digital Threshold Voltage (Vinu, VINL) 


Ty = +28°C 


AD7501K/AD7501S 


AD7502K/AD07502S 


Voo. Vss (V) 


vs. Power Supply 


3. TON TOFF 


Ta * +25°C 
Voo = +15V 
Vss = -15V 


vs. Digital Input Voltage 


At Different Temperatures 


Van. Vin (V) 


fs 


LUT 
EL 
SkR8 


AD7501K/AD7501S 
AD7502K/AD7502S 


vs. Temperature 


4. Power Dissipation 


Po (mW) 
es a ee ee 


= 
Pa a 
CCE 
Beat eel eee eel 
Es OS eS OS A AO RE Do ee Oe 
a ae as v 


TST Poe 

Ses Gn GO 7 A Ge ED Oa 

aati See nai eee ae eee eee 

len a a oc 

CCC 
1k 10k 1 


10 100 - 
f(Hz) 


vs. Logic Frequency (50% Duty Cycle) ° 
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TYPICAL SWITCHING CHARACTERISTICS 


TEST CIRCUIT 1 


+5V0 


DECODER/ORIVER 


1ps/DIV lus/DIV 


, SES See 

eve | | | : | | | Mew | | | ¢ | |] 
=aeeeeen a 

‘ 


novo) Ce 
Boue ooo ia Ee ie 
Peete abo | ooccen 
V, = -10V, Vz = +10V V, = +10V, V2 = -10V 


TEST CIRCUIT 2 


Vin© 
ig Y Y y Y = 


peicel 


(+15V) | 


DECODER/DRIVER 


lys/DIV 


ae a Se 
Poe ae eae | | | 
Fae ee 


Ty | ae 
a Bhi mt » BV IDIVI 
|i | | ¢] tf 


Vs = +10V 


1pis/DIV 


BEBE 

ovov SASS 
Fee en Oe eS DS 

Vou, A  e 
(0.5V/DIV) aise 
oe ae Se 


Vs = OPEN 
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ANALOG 
DEVICES 


o . 
*_ eMos 


8- and 16-Channel Analog Multiplexers 


AD7506, AD7507 


FEATURES 

Ron: 3002 

Power Dissipation: 1.5mW 
TTL/DTL/CMOS Direct Interface 
Break-Before-Make Switching 
Replaces DG506/DG507 


GENERAL DESCRIPTION 

The AD7506 is a monolithic CMOS 16-channel analog multi- 
plexer packaged in a 28-pin DIP. It switches a common out- 
put to one of 16 inputs, depending on the state of four ad- 
dress lines and an “‘enable’’. The AD7507 is identical to the 
AD7506 except it has two outputs switched to two of 16 
inputs depending on three binary address states and an “‘enable”’. 


ABSOLUTE MAXIMUM RATINGS 
(Ty = +25°C unless otherwise noted) 


Vin SOND awed atead gether ehat +17V 
Vee GND i cette thot bree bpatecn hes -17V 
V Between Any Switch Terminals................. 25V 
Digital Input Voltage Range .............. Vpp to GND 
Switch Current (Is, Continuous)................ 20mA 
Switch Current (Is, Surge) 

1ms duration, 10% duty cycle............... 35mA 


Power Dissipation (Package) 
28 pin Ceramic DIP 


WP1G2 50°C) 25 mina kg Ae acs Ged ae ea Paes 1000mW 

Derates above +50 Cby...........000005 10mW/°C 
28 pin Plastic DIP | 

Upt0°450" Cv. 5c -psn raced eaten aors 1200mW 

Derates above +50 Cby.............000- 12mW/°C 
Operating Temperature 

Plastic (J, K versions). ............-e00- 0 to +70°C 

Ceramic (J, K versions).............. -25°C to +85 C 

Ceramic (S, T versions)............. -~55°C to +125°C 
Storage Temperature................ -65°C to +150 C 
CAUTION: 


1. Do not apply voltages higher than Vpp and Vsg to any other terminal, especially 
when Vsg = Vpp = OV all other pins should be at OV. 

2. The digital control inputs are zener protected; however, permanent damage may 
occur on unconnected units under high energy electrostatic fields. Keep unused 
units in conductive foam at all times. 


AD7506 FUNCTIONAL BLOCK DIAGRAM 


EN A3 A2 Al AO 
e e e J e 


= ntti ial Se eae | 
ee 
(+15V) | | 
: E RIVER 
re: | 


| 
Vv. 
(-18v)O-F 


Seed 
our st” S16 
AD7507 FUNCTIONAL BLOCK DIAGRAM 
EN Az AN ad 
_ = 


DTL/TTL TO CMOS LEVEL TRANSLATOR | 


Voo 
(+18VJO~ 


cnno—| 
| 
Vi] 


L ae J 
OUT $1 S8 s9 S16 OUT 
1-8 9-16 


AD7506 PIN CONFIGURATION 
TOP VIEW 


Voo NC NC S16 S15 $14 $13 S12 S11 S10 S9 GND NC A3 


(NOT TO SCALE) 


AD7507 PIN CONFIGURATION 
TOP VIEW 


(NOT TO SCALE) 
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SPECIFICATI 


PARAMETER 


ANALOG SWITCH 


Ron 


Ron vs. Vs 
Ron vs. Temperature 


ARon Between Switches 
Ron VS. Temperature Between Switches 


Is (OFF) 


lout (OFF) 


lour — Is 
(Any Switch ON) 


DIGITAL CONTROL 
VINL 


ViNH 
Inc OT Linn 


Gn 


ade 
27 


AD7506 


AD7507 


AD7506 


AD7507 


DYNAMIC CHARACTERISTICS? 


"TRANSITION 


‘OPEN 
ton ( En) 


torr (En) 


“OFF”’ Isolation 


G 


Cout 


Cs_out 


AD7506 
AD7507 


Cog Between Any Two Switches 


POWER SUPPLY 


Isg 


NOTES: 


VERSION! SWITCH 
CONDITION 


(Vpp = +15V, Vgg = -15V unless otherwise noted) 


- 


- 


SALA ALA ALA ALO A 


n— n— na=— nap n= 


- 


- 


- 


- 


- 


- 


Nene Ln [n= 
AALS ALA AILSA 


- 


ON 
ON 
ON 


ON 
ON 
ON 


OFF 
OFF 


OFF 
OFF 


OFF 
OFF 


ON 
ON 


ON 
ON 


OFF 


OFF 
OFF 
OFF 
OFF 


OFF 
OFF 


OFF 
OFF 
ON 
ON 


ON 
ON . 


@ +25°C 


3002 typ, 4502 max 
4002 max 
15% typ 


0.5%/ C typ 


4% typ 
0.05%/°C typ 


0.05nA typ, 5nA max 
0.05nA typ, InA max 


0.3nA typ, 20nA max 
0.3nA typ, 10nA max 


0.3nA typ, 10nA max 
0.3nA typ, 5nA max 


0.3nA typ, 20nA max 
0.3nA typ, 10nA max 


0.3nA typ, 10nA max 
0.3nA typ, 5nA max 


10uA max 
3pF typ 


700ns typ 
700ns typ, 1000ns max 


100ns typ 


0.8us typ 
1.5us max 


0.8us typ 
lps max 


70dB typ 


SpF typ 

40pF typ 
20pF typ 
O.5pF typ 


0.05mA typ, ImA max 
0.05mA typ, 1mA max 


0.05mA typ, 1mA max 
0.05mA typ, 1mA max 


0.3mA typ, ImA max 
0.3mA typ, 1mA max 


0.05mA typ, ImA max 


0.05mA typ, 1mA max 


OVER SPECIFIED 
TEMP. RANGE 


5502 max 
5002 max 


50nA max 
50nA max 


500nA max 
500nA max 


250nA max 
250nA max 


500nA max 
500nA max 


250nA max 
250nA max 


0.8V max 
3.0V min 
2.4V min 


30uA max 


2mA max 


2mA max 


2mA max 


2mA max 


‘JN, KN versions specified for 0 to +70°C; JD, KD versions for -25°C to +85°C; and SD, TD versions for -55’C to +125°C. 
2 pullup resistor, typically 1-2kQ is required to make the J and S versions compatible with TTL/DTL. The maximum value is determined by 
the output leakage current of the driver gate when in the high state. 
AC parameters are sample tested to ensure conformance to specifications. 


TEST CONDITIONS 


x 
" 


-10V to +10V, ls = 1mA 


x 
\ 


= OV, ls = ImA 


i] 

+ 
— 
o 
< 


Vs ad -10V, Vout = 
and 

Vs -_ +10V, VouT = 

“Enable” Low 


\ 
= 
i=} 
< 


Note 2 


Vin: 0 to 3.0V 


VEN: 0 to 3.0V 


Ven = 0, Ry, = 2002, C, = 3.0pF, 
Vy = 3.0V rms, f = 50kHz 


All Digital Inputs Low 


All Digital Inputs High 


Specifications subject to change without notice. 


TRUTH TABLES ORDERING INFORMATION PACKAGE 


IDENTIFICATION! 


Suffix D: Ceramic DIP — (D28A) 
Suffix N: Plastic DIP — (N28A) 


1 See Section 20 for package 
outline information. 


AD7507 
“ON” Ao Ry Be 


Operating 
Temperature Range 


AD7506JN 
AD7506KN 
AD7507JN 

AD7507KN 


AD7506JD 
AD7506KD 
AD7507JD 

AD7507KD 


AD7506SD 
_ AD7506TD 
AD7507SD 
AD7507TD 


0 to +70°C 


WOMAN AMNAWNH 
= ee OOO CO 
~~ RP OOrYK OO 
~eK OF OF oro 


-25°C to +85°C 


-55°C to +125°C 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
Xx 


Me mee OOCOCORK EE OOOO 
xe RK OOR KY OOF FP OCOrF OS 
~ rR OF OF OF OF OF OF OFS 
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1. RON vs. Vs 


es RDO a YS 
Cate aa A a, ek a 
ee ae De a ae 


-10 8 6 A - 


Vs (V) 


At Different Power Supplies 


At Different Temperatures 


‘2. lIoUT vs. VOUT 


Vsg = -15V 
Voo = +15V 


a ee 

+200 F 

vaso Lt tL a sto 
oe ee ee 


Vout (V) 


lout (nA) 
1000.0 BESS: SEP 


100.0 


NIT 
CUNEATE Ty 


8 
& 
8 
° 
8 
8 
g 
g 
8 
8 
8 


1000 
ee 
900 Et Voo = +15V 


Ta = +25°C 


Vop = +15V 
f = 50% DUTY CYCLE 
Cc 
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TYPICAL SWITCHING CHARACTERISTICS | 


TEST CIRCUIT 1 


Yeo 
SND ool 
| 


cave 
L 


0.5us/DIV 
Vin ; Vin 
(SV/DIV) a oe (5V/DIV) 
Vout Vout 
(10V/DIvV) (10V/DIV) 


S7 = -10V, S16 = = +10V, 
So — S75 = OV, Ry, = 1K 


S1 = +10V, Sp = -10V, 
S2 — S45 = OV, Ry = © 
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TEST CIRCUIT 2 


Voo | 
(+15v)O—-] 
GND o 


| 
V. 
(-18V) 
E 


0.5us/DIV 


VIN 


(SV/DIV) ease = 
ee 


Vout 
(5V/Div) l 


S7 through S76 = OV 


ANALOG 
DEVICES 


Dl CMOS. 
Protected Analog Switches 


AD7510DI, AD7511D1, AD7512D! 


FEATURES 

Latch-Proof 

Overvoltage-Proof: +25V 

Low Ron: 7522 

Low Dissipation: 3mW 

TTL/CMOS Direct Interface 
Silicon-Nitride Passivated 

Monolithic Dielectrically-Isolated CMOS 


GENERAL DESCRIPTION 

The AD7510DI, AD7511DI and AD7512DI are a family of 
latch proof dielectrically isolated CMOS switches featuring 
overvoltage protection up to +25V above the power supplies. 
These benefits are obtained without sacrificing the low “ON” 
resistance (7582) or low leakage current (400pA), the main 
features of an analog switch. 


The AD7510DI and AD7511DI consist of four independent 
SPST analog switches packaged in a 16-pin DIP. They differ 
only in that the digital control logic is inverted. The AD7512DI 
has two independent SPDT switches packaged in a 14-pin DIP. 


Very low power dissipation, overvoltage protection and TTL/ 
CMOS direct interfacing are achieved by combining a unique 
circuit design and a dielectrically isolated CMOS process.. 
Silicon nitride passivation ensures long term stability while 
monolithic construction provides reliability. 


PACKAGE IDENTIFICATION! 

Suffix D: Ceramic DIP 

AD7510DI, AD7511DI — (D16B) 
AD7512DI — (D14B) 
Plastic DIP 

AD7510DI, AD7511DI — 
AD7512DI — (N14B) 


1 See Section 20 for package outline information. 


Suffix N: 
(N16B) 


AD7510DI, AD7511DI, AD7512DI 
FUNCTIONAL BLOCK DIAGRAMS 


A07510D1 
AD7511D! 


A07512D1 


(NOT TO SCALE) 


16-PIN DIP 14-PIN DIP 
TOP VIEW TOP VIEW 
ORDERING INFORMATION 
Operating 
Temperature 
Plastic Ceramic Range 


AD7510DIJN 
AD7510DIKN 
AD7511DIJN 
AD7511DIKN 
AD7512DIJN 
AD7512DIKN 


0 to +70°C 


AD7510DIJD 
AD7510DIKD 
AD7511DIJD 
AD7511DIKD 
AD7512DIJD 
AD7512DIKD 


AD7510DISD 
AD7511DISD.- 
AD7511DITD 
AD7512DISD 
AD7512DITD 


-25°C to +85°C 


-55°C to +125°C 


CONTROL LOGIC 


AD75.10DI: 
AD7511DI: 
AD7512DI: 
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Switch “‘ON”’ for Address ‘SHIGH”’ 
Switch ‘‘ON”’ for Address ‘““LOW”’ 


Address ‘‘HIGH”’ makes $1 to Out 1 and S3 to 
Out 2 


SPECIFICATIONS ea = +15V, Vss = —15V unless sue noted) 


COMMERCIAL VERSIONS (J, K) 


PARAMETER - MODEL VERSION +25°C 0 to +70°C (N) TEST CONDITIONS 
-25°C to +85°C (D) 


ANALOG SWITCH 
1 


Ron All J,K 75Q typ, 1002. max 17582 max -10V SV, < +10V 
Ron VS Vp (Vs) All J,K 20% typ | Ips = 1.0mA 
Ron Drift All J,K +0.5%/°C typ 
March All J,K 0.01%/°C typ 
Ip (I) OFF’ All J,K 0.5nA typ, 5nA max = 5 00nA max Vp = -10V, Vg = +10V and 
Vp = +10V, Vo = -10V 
Ip (Is)ON! All J,K 10nA max _ Vs = Vp = +10V 
Vs = Vp = -10V 
lour’ AD7512DI J,K 15nA max 1500nA max Vs1 = Vout = 410V, V2 = +10V 


DIGITAL CONTROL 


ViNL_ All J,K 0.8V max 
VinH_ All J 3.0V min 
All K 2.4V min 
INH: All J,K 10nA max Vin = Vpp 
NL. All J,K 10nA max Vin = 
DYNAMIC 
CHARACTERISTICS 
ton AD7510DI J,K 180ns typ 
AD7511DI J, K 350ns typ a 
torr AD7510DI J,K 350ns typ Min Oteso0 
AD7511DI J,K 180ns typ 
‘TRANSITION AD7512DI_——‘J, K. 300ns typ 
Cy (Cp )OFF All J,K 8pF typ 
Cy (Cp )ON All J,K 17pF typ 
Cys (Cs_our) All J,K pF typ Vp (Vs) = OV 
Cout AD7512DI_ ‘J, K 17pF typ 
All J,K 30pC t Measured at S or D terminal. 
Ons) yee CG, = 1000pF, Vp = 0 to 3V, 
Vp (Vg) = +10V to -10V 
POWER SUPPLY 
pp All J,K 800A max - 800HA max All digital inputs = Viayy 
Isg All J,K 800uA max 800A max 
Ibn All J, K 500uUA max 500uA max All digital inputs = Vay, 
Isc All J,K 500A max 500A max 
Ipp' All J,K 800uUA max All digital i ts= V. 
Iss! All J,K 800A max proctiens , ANE 
Ip’ All J,K 500uA max All digital inputs = Vivi 
Iss All J,K 5O00UA max 
NOTES: 
1 100% tested. 


Specifications subject to change without notice. 
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MILITARY VERSIONS (S, T) 


PARAMETER MODEL VERSION +25°C 


ANALOG SWITCH 
1 


-55°C to +125°C | TEST CONDITIONS 


Ron All S, T 1002. max 175Q max -10V <V, <+10V 
In Us )orF All S,T 3nA max 200nA max Vp = -10V, Vg = +10V and 
Vp = +10V, Vg = -10V 
Ip (Is)ON? All S, T. 10 Vs = Vp = +10V and 
Vg = Vp = -10V 
lout’ AD7512DI_‘S, T 9nA max 600nA max Vs1 = Vout = t10V 


Vs2 = +10V and 
Vs2 = Vout = *10V 
Vs1 = +10V 


EGA aN SEPTATE AS EST PEPSI STE eT PPS HE A SE SEEPS NSE ES ET NES BPE SI 2 EG SI OR ESPRESSO EE RATE STE EE EEE ITE TE A ELTA AES EOD 


DIGITAL CONTROL 
1 


VINL All S,T 0.8V max 
Vv 1.2 F 
INH ’ AD7510DI_—‘S 2.4V min 
AD7511DI__T 2.4V min 
AD7512DI__-T 2.4V min 
AD7511DI_— § 3.0V min 
AD7512DI .S 3.0V min | 
eR All ST 10nA max Vin = Yop 
LNL All S,T 10nA max Vin = 0 
2 a I PP SI ET IO a PA TO ST IE EP Ea PO BO TT I I PT IT SE ET TE IS TT ET TET EE EEE EE ET EP, 
DYNAMIC 
CHARACTERISTICS 
ton? - AD7510DI__‘S,T 1.0p1s max Vin = 0 to +3V 
AD7511DI S,T 1.0us max 
torF’ : AD7510DI__S, T 1.0ys max 
AD7511DI1 ae Bi 1.0us max 
tTRANSITION > AD7512DI_S,T 1.0us max 


POWER SUPPLY 


Inp' All S,T 800HA max All digital inputs = Viyy 

Igg? All S,T 800uUA max 

Ipp All 5, T SOONA max All digital inputs = Vpyy, 

Igg' All S,T 500UA max 
RS ST IE GS PI SP PSAP IE IT I EOS ED I ES IS IE AE CE ILO ELT ESE TIE I EE EEE Ea EA EEE 
NOTES: 
1 100% tested. 


2A pullup resistor, typically 1-2k2 is required to make AD7511DISD and AD7512DISD TTL compatible. 


> Guaranteed, not production tested, 
Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 


Vinij tO GND 2.0 2 a5. % healiate Fate Rae gra ee OS +17V 

VectOIGND caciwndinnd aig amet Meee eee LEG aaes -17V 
Overvoltage at Vp (Vs) 

(CESECONG SULPE) hu ia te oo ee Bae wes Vpp +25V 

or Vgg -25V 

(CONMNUOUS)).62- su ect oS Eee Se eee Vpp +20V 

or Vgg -20V 

Switch Current (Ipg, Continuous) ..........00065 50mA 


Switch Current (Ing, Surge) 
1ms Duration, 10% Duty Cycle.............. 
Digital Input Voltage Range ............... OV to Vpn 
Power Dissipation (Package) 
14 & 16 pin Ceramic Dip 
Upto $75 Cs dent ep eet Ge nas 
Derates above +75°C DV eink bsta a eae at cay Sowa 


14 & 16 pin Plastic Dip 


Upto 170 Ge nti. eaketaweeat eee 670mW 

Derates above +75°C DY Sad er eas, pa oars 8.3mW/°C 
Storage Temperature.............0-- ~65°C to +150°C 
Operating Temperature 

Plastic (J, K Versions) .............060- 0 to +70°C 

Ceramic (J, K Versions)............. -25°C to +85 C 

Ceramic (S, T Versions) ...........4- -55°Cto +125 C 


CAUTION: The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected units 


under high electrostatic fields. Keep unused units in conductive 
foam at all times. Prior to pulling the devices from the conduc- 
tive foam, ground the foam to deplete any accumulated charge. 
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a 


CIRCUIT DESCRIPTION” | 


OVpp +15V 


TTL a LEVEL 
CONTROL © SHIFTER/ 
INPUT 


DRIVER 


int Ye 
OS 


e Vss—15V 
NOTE: CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 


Figure 1. Typical Output Switch Circuitry of AD7510D! Series 


CMOS devices make excellent analog switches; however, 
problems with overvoltage and latch-up phenomenum neces- 
sitated prote¢tion circuitry. These protection circuits, 
however, either caused degradation of important switch 
parameters such as ROQn or leakage, or provided only limited 
protection in the event of overvoltage. 


The AD7510DI series switches utilize a dielectrically-isolated 
CMOS fabrication process to eliminate the four-layer substrate | 
found in junction-isolated CMOS, thus providing latch-free 
operation. | 


A typical switch channel is shown in Figure 1. The output 
switching element is comprised of device numbers 4 and 5. 
Operation is as follows: for an “ON” switch, (in+) is Vpp 
and (in—) is Vss from the driver circuits. Device numbers 
1 and 2 are ““OFF”’ and number 3 is “‘ON.”’ Hence, the back- 
gates of the P- and N-channel output devices (numbers 4 and 
5) are tied together and floating. (The circled devices are 
located in separate dielectrically isolated pockets.) Floating. 
the output switch back-gates with the signal input increases 
the effective threshold voltage for an applied analog signal, 
thus providing a flatter RON versus Vs response. 


For an “OFF” switch, device number 3 is “OFF,” and the 
back-gates of devices 4 and 5 are tied through 1k2 resistors 
(R1 and R2) to the respective supply voltages through the 
“ON” devices 1 and 2. 


If a voltage is applied to the S or D terminal which exceeds ‘ 
Vpp or Vssg, the S- or D-to-back-gate diode is forward biased; 
however, R1 and R2 provide current limiting action. 


Consequently, without external current limiting resistance 
(or increased RON), the AD7510DI series switches provide: 


1. Latch-proof operation 


2. Overvoltage protection 25V beyond the Vss and Vpp 
supply voltage 
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An equivalent circuit of the output switch element in Figure 2 
shows that, indeed, the 1k{2 limiting resistors are in series 
with the back-gates of the P- and N-channel output devices— 
not in series with the signal path between the S and D 
terminals. | 


In some applications it is possible to turn on a parasitic NPN 
(drain to back-gate to source of the N-channel) transistor, 
causing device destruction under certain conditions. This 
case will only manifest itself when a negative overvoltage 
(and not a positive overvoltage) exists with another voltage 
source on the other side of the switch. Current limitation 
through external resistors (20092) or current limiting devices 
(output of op amps) will prevent damage to the device. 


Vpp 


P CHANNEL 


N- CHANNEL 


e 
-15V 
Vss 


Figure 2. AD7510DI Series Output Switch 
Diode Equivalent Circuit . 


TYPICAL PERFORMANCE CHARACTERISTICS 


AD7510DI 
AD7511D! 
ahah ys 


AT DIFFERENT SUPPLIES Vp (Vs) (V) 


Ron as a Function of Vp (Vs) 


AD7510D1 
AD7511D! 
AD7512D! 
Vop = +15V 
Vsg = -15V 


-12 --10 a 2 4° 6 8 10 12 
AT DIFFERENT TEMPERATURES Vp (Vs) (V) 


Ron as a Function of Vp (Vs) 


AD7510D!, AD7511DI 


Veg -15V 
Ta = +25°C 


Is, ( IDIOFF vs Vs 


tTRANSITION (Ns) 


AD7512D1 


“OUT 1 TO S2 
OUT 1 TO S1 


(TRANSITION 45 4 Function of Digital Input Voltage 


ton. torr (ns) 


AD7510D! 
Vin = 0 to 3.0V 
Vop = +15V 
Veg = -15V 


400 
300 
200 
100 
0 
-60 -40 -20 0 20 40 60 80 100 120 
Ta (°C) 
ton. toFF as a Function of Temperature \ 
4 


trRANSITION (Ns) 


[TRANSITION as a Function of Temperature 
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TYPICAL SWITCHING CHARACTERISTICS AD7510DI, AD7511DI 


0.5us/DIV 0.5us/DIV 


Vin Vin 
(5V/DIV) (5V/DIV) 
Vs Vs 
(5V/DIV) (5V/DIV) 
Switching Waveforms for Vp = -10V Switching Waveforms for Vp = +10V 
0.5us/DIV 0.5us/DIV 
: : 
VIN a a Vin 
(5V/DIV) : (5V/DIV) 
Vs 7 Vs 
(1V/DIV) - | (0.5/DIV) 
i | ee ee 
Switching Waveforms for Vp = Open . Switching Waveforms for Vp = OV 


AD7510DI, AD7511DI TEST CIRCUIT 


Vss GND Vop 
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TYPICAL SWITCHING CHARACTERISTICS AD7512DI 
0.5u1s/DIV 0.5u1s/DIV 
7 : 
Vin Vin 
(5V/DIV) (5V/DIV) E 
Vs Vs E 
(10V/DIV) (10V/DIV) 
g 
Switching Waveforms for Switching Waveforms for 
Voz = -10V, Voo = +10V, Ry = 1k Vs7 = +10V, Vgp = -10V, Rp = 
0.5us/DIV 0.5us/DIV 

: 
Vin Bi 2 VIN 
(5V/DIV) r E (5V/DIV) ae 

a | foe a 
ovow i oom PPAR 
(0.5V/DIV) (0.5/DIv) 

Bes | ae ee ee Se ee 

Switching Waveforms for Switching Waveforms for 
Voz and Veg = OV, Rp = © Voz and Veo = Open, Ry = 1k 
AD7512DI TEST CIRCUIT 


SCOPE 
10M22/7 pF 


GND Vp 
(-15V) (+15 


< 


) 
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a 


Cps: 


7 i oe a 
' om. aa 

4. 4 ee 7 

7 aw 


TERMINOLOGY : ee 

RON: Ohmic resistance between terminals D and S. 

RON Drift Difference between the Ron drift of any 

- Match: two switches. 

RON Match: Difference between the RON of any two 
switches. 

Ip (Is)OFF: Current at terminals D or S. This is a leakage 
current when the switch is “‘OFF.”’ 

Ip (IS)ON: Leakage current that flows from the closed 
switch into the body. (This leakage will 
show up as the difference between the 
current Ip going into the switch and the 
outgoing current Is.) 

Vp (Vs): Analog voltage on terminal D (S). 

Cs (CD): Capacitance between terminal S (D) and 
ground. (This capacitance is specified 
for the switch open and closed.) 
Capacitance between terminals D and S. 


(This will determine the switch isolation 
over frequency.) 
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Cpp (Css): 


tON: 


tOFF: 


Ttransition: 


VINL: 
VINH: 


IINL (INH): 
CIN: 


VDD: 
VSs: 
Ipp: 
Iss: 


Capacitance between terminals D (S) of any 
two switches. (This will determine the cross 
coupling between switches vs. frequency.) 


Delay time between the 50% points of the 
digital input and switch “‘ON”’ condition. 


Delay time between the 50% points of the 
digital input and switch “OFF” condition. 


Delay time when switching from one address 
state to another. 


Threshold voltage for the low state. 
Threshold voltage for the high state. 

Input current of the digital input. 

Input capacitance to ground of the digital 
input. 

Most positive voltage supply. 


Most negative voltage supply. 


Positive supply current. 
Negative supply current: 


ANALOG 


DI CMOS 


DEVICES Analog Switches with Data Latches 


AD7590DI, AD7591D1, AD75920I 


FEATURES 

SCR Latch-Proof 

Overvoltage-Proof: +25V 

Low Ron: 752 

Buffered Switch Logic 

uP, TTL, CMOS Compatible 
Silicon-Nitride Passivated 

Monolithic Dielectrically-lsolated CMOS 
Pin Compatible with AD7510DI Series 


GENERAL DESCRIPTION 

The AD7590DI, AD7591DI and AD7592DI are a family of 
protected (latch proof) dielectrically isolated CMOS switches 
featuring overvoltage protection up to +25V above the power 
supplies. Microprocessor interfacing ‘is facilitated by the pro- 
vision of on-chip data latches. 


The AD7590DI and AD7591DI consist of four independent 
SPST analog switches packaged in a 16-pin DIP. They differ 
only in that the switch control logic is inverted. The AD7592DI 


has two independent SPDT switches packaged in a 14-pin DIP. 


ORDERING INFORMATION 


Operating 
Temperature Range 


0 to +70°C 
-25°C to +85°C 


Military temperature versions will be available at a later date. 


AD7590DI, AD7591DI, AD7592DI 
FUNCTIONAL BLOCK DIAGRAMS 


AD7590D1 
AD7591DI AD7592D! 


(NOT TO SCALE) 
16-PIN DIP 14-PIN DIP 
TOP VIEW TOP VIEW 


CONTROL LOGIC (WR HELD LOW) 


AD7590DI: Switch ‘“ON’’ for Address ‘‘HIGH”’ 
AD7591DI: Switch “ON’”’ for Address ‘‘LOW’’ 


AD7592DI: Address ‘‘HIGH” makes S1 to Out 1 
and S3 to Out 2 


PACKAGE IDENTIFICATION’ 

Suffix D: Ceramic DIP Package 
AD7590, AD7591 — (D16B) 
AD7592 — (D14B) 

Suffix N: Plastic DIP Package 
AD7590, AD7591 — (N16B) 
AD7592 — (N14B) 


See Section 20 for package information. 
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SPECIFICATION: 


ee de: By 


Pee : 


Ss. (Vpp =+15V, Vsg =-15V unless otherwise noted) 


Ta = OPERATING 


PARAMETER MODEL Ta = +25°C TEMPERATURE RANGE TEST CONDITIONS/COMMENTS 
ANALOG SWITCH 
Ron’ All 602. typ, 902 max 1202 max -10V <Vp <+10V 
: Ips = 1.0mA 

Ron Match? - All. 1% typ 

Ron Match Drift? All 0.01%/°C typ Np Os ipseAOma 

Ip (Is) OFF! All 0.5nA typ, 5nA max 100nA max Vp = -10V, Vg = +10V and 
Vp = +10V, Vs = -10V | 

Ip (Is) ON! All 0.5nA typ, 5nA max 100nA max Vs = Vp = +10V and 

sg Vs = Vp =-10V 
“lout! AD7592DI_ 1.0nA typ, 10nA max 200nA max > Vs1 = VouT = T10V, Vs2 = +10V 
and Vso = Vout = t10V, Vs; = +10V 

Cs (Cp) OFF? All 10pF typ 

Cs (Cp) ON* All 30pF typ 

Cps (Cs - our)” All IpF typ Vp (Vs) = OV 

Cpp (Css)* All O.5pF typ 

Cour’ AD7592DI 40pF typ 

DIGITAL CONTROL 

Vint’ All 0.8V max 0.8V max 

VINH All 2.4V min 2.4V min 

Cn? All 5pF typ 5pF typ 

ha All ipA max 1A max Vin = 0 or Vpp 

Int? All 1A max 1A max 

DYNAMIC CHARACTERISTICS 
ton” AD7590DI 170ns typ, 340nsmax = 190ns typ, 380ns max 
AD7591DI 300ns typ, 600ns max 380ns typ, 760ns max 
tOoFF? AD7590DI 300ns typ, 600ns max 380ns typ, 760ns max 
AD7591DI 170ns typ, 340ns max 190ns typ, 380ns max 

CTRANSITION - AD7592DI_ 300ns typ, 600ns max 380ns typ, 760ns max > 

Write Pulse-Width (twp)? All 300ns typ, 400ns min 400ns typ, 500ns min 

Address Set Up Time (tas)? All Ons min Ons min See Figure 1 

Address Hold Time (tay)? All 150ns typ, 250ns min 250ns typ, 350ns min 

OFF Isolation? 

(Analog Input to Analog Output) All Better than -85dB at 1kHz. Feedthrough primarily dependent upon printed 

circuit board layout. 

Crosstalk? 

(Digital Input to Analog Output) All 5mV peak, typ Ry = 1MQ, Cy = 15pF 
Vinu = 3.0V, Vint = OV 
trise = ttal] = 20ns 
WR held HIGH 

Qiny (Charge Injection)? All 40pC typ Measured at S or D 
terminal, Cy = 1000pF 
Vin = 0 to 3.0V, Vp (Vs) = +10V 
to -10V, WR held LOW 

POWER SUPPLY 
Ipp' All 1mA max ImA max All digital inputs 
Iss’ All lmA max 1mA max Vin = Ving OF VINL 
NOTES 


1100% tested. 
? Guaranteed, not production tested. 


3 Typical values for information only, not subject to test or guarantee 


* Inputs are MOS ‘gates typical current less 


than 10nA. 


Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* © 


Vip tO GND: 26h b.2g fe eh pena ioe A BSS +17V 
Veeto GND. s. cites ve eee eh ba ewe Le -17V 
Overvoltage at Vp (Vs) 
CISECONG SUNS) mee 4 a8 ib Hee oh eh ge Vpp +25V 
or Veg -25V 
(COMUNUOUS) 24 e Mve bate taaaie Robe S Vpp +20V 
or Vgc -20V 
Switch Current (Ing, Continuous) .............. 50mA 
Switch Current (Ing, Surge) . 
ims Duration, 10% Duty Cycle.............. 150mA 
Digital Input Voltage Range ......... -0.3V to Vpp +0.3V 


Absolute Maximum Ratings 


Power Dissipation (Package) 


14- & 16-pin Ceramic Dip 4 
Up TO27) Cary. é ah ag. ders weber eee 450mW 
Derates above +75 Cby........... 00000 ee 6mW/°C 

14- & 16-pin Plastic Dip 
W810 10 C. a. eo a tontst ees hae ere nde oe .. 670mW 
Derates above +75°C by......... 0000 e eee 8.3mW/°C 

Storage Temperature............... +, -65°C to +150°C 

Operating Temperature 
Plastic (KN Versions) ..........00 0002 ee 0 to +70°C 
Ceramic (BD Versions) .............. -25°C to +85°C 


*COMMENT: Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


CAUTION: 


ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; 
however, permanent damage may occur on unconnected devices subject to high energy elec- 
trostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 


WARNING! 
WS 


ESD SENSITIVE DEVICE 


TIMING AND CONTROL SEQUENCE 


SWITCH 
ADDRESS 


tay ADDRESS HOLD TIME 
tas ADDRESS SET UP TIME 
twa CLOCK PULSE WIDTH 


Figure 1. Timing and Control Sequence 


Figure 1 shows the timing sequence for latching the switch 
address. The minimum data set up time is zero so that the data 
may change coincident with the falling edge of WR. The ad- 
dress is latched on the rising edge of WR and address must be 
held for Tay, minimum to guarantee that it will be latched. 
While WR is held low the latch is transparent and the switches 
respond to changes in the input address. 
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: a hee es 
CIRCUIT DESCRIPTION™ ae 


A 
TTL SHIFTER/ 
CONTROL __ DRIVER 
INPUTS WR 
e 


os 


e Voo +15V 


O Vss—15V 


NOTE: CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 


Figure 2. Typical Output Switch Circuitry of AD7590DI Series 


CMOS devices make excellent analog switches; however, 
problems with overvoltage and latch-up phenomenum neces- 
sitated protection circuitry. These protection circuits, 
however, either caused degradation of important switch 
parameters such as Ron or leakage, or provided only limited 
protection in the event of overvoltage. | 


The AD7590DI series switches utilize a dielectrically-isolated 
CMOS fabrication process to eliminate the four-layer substrate 
found in junction-isolated CMOS, thus providing latch-free 
operation. 


A typical switch channel is shown in Figure 2. The output 
switching element is comprised of device numbers 4 and 5. 
Operation is as follows: for an ‘‘ON” switch, (in+) is Vpp 
and (in—) is Vss from the driver circuits. Device numbers 
1 and 2 are “SOFF”’ and number 3 is ““ON.”’ Hence, the back- 
gates of the P- and N-channel output devices (numbers 4 and 
5) are tied together and floating. (The circled devices are 
located in separate dielectrically isolated pockets.) Floating 
. the output switch back-gates with the signal input increases 
the effective threshold voltage for an applied analog signal, 
thus providing a flatter RON versus Vs response. 


For an “OFF” switch, device number 3 is “OFF,” and the 
back-gates of devices 4 and 5 are tied through 1kQ2 resistors 
_(R1 and R2) to the respective supply voltages through the 
“ON” devices 1 and 2. 


If a voltage is applied to the S or D terminal which exceeds 
Vpp or Vss, the S- or D-to-back-gate diode is forward biased; 
however, R1 and R2 provide current limiting action. 


Consequently, without external current limiting resistance 
(or increased Ron), the AD7590DI series switches provide: 


1. Latch-proof operation 


2. Overvoltage protection 25V beyond the Vss and Vpp 
supply voltage 
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An equivalent circuit of the output switch element in Figure 3 
shows that, indeed the 1k{2 limiting resistors are in series 

with the back-gates of the P- and N-channel output devices— 
not in series with the signal path between the S and D 
terminals. 


In some applications it is possible to turn on a parasitic NPN 
(drain to back-gate to source of the N-channel) transistor, 
causing device destruction under certain conditions. This 
case will only manifest itself when a negative overvoltage 
(and not a positive overvoltage) exists with another voltage 
source on the other side of the switch. Current limitation 
through external resistors (20092) or current limiting devices 
(output of op amps) will prevent damage to the device. 


Vop 


P CHANNEL 


N—- CHANNEL 


Figure 3. AD7590DI Series Output Switch 
Diode-Equivalent-Circuit 


Ron -2 

160 

140 AD7590D! 
é AD7591D1 

120 AD759201 

oe 

| 

cs oa” 

od 

a 


AD7590D! 
Ta = 25°C 


+5 . £10 £15 


Threshold Voltage as a Function of Temperature 


GLITCH MAGNITUDE —- mV p-p 


AD7590D! 

Vop = +15V 

Vss = -15V 

Vin = 0 - 3V, 500kHz, t, = 20ns 


Digital Crosstalk as a Function of Load Impedance 


. 


Typical Performance Characteristics 


AD7590D1 
Vop = +15V 
Vss = -15V 


CTT 
SeSSSnneE Ze 


CCT 
enn 


-80 -60 -40 -20 0 20 40 60 80 100 120 140 160 


RON as a Function of Temperature 


ton. torr — ns 


AD7590D! (AD7592D!) 
Vop = +15V 

Vss = -15V 

Ta = 25°C 


ton, toFF (tTRANSITION) as a Function of Digital Input 


Voltage 


ton. tOFF. tTRANSITION — MS 
aed 
Sa 


AD7590D1 (AD7592D1) 
Vin = 0 to 3.0V 
3 IN 
re Vpp = +15V 
Vsg = -15V 


Ta —°C 
100 
80 60 -40 -20 0 20 40 60 80 100 120 140 160 


tON, tOFF (tTRANSITION) as a Function of Temperature 


ton. toFF. tTRANSITION — NS 


AD7590D! (AD7592D!) 
Vin = 0 to 3.0V 
Ta = 25°C 


torr (OUT1 to S2) 


ee 
Se ae 


ton (OUT1 to $1) 


ae 
5 + 


10 +15 


Vop. Vss -: V 


ton. toFF (t TRANSITION) as a Function of Supply Voltage 
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TYPICAL SWITCHING CHARACTERISTICS 
AD7590DI, AD7591DI 
0.5ps/DIV 0.5p:s/DIV 


row EEE — 


Vs stk 
vow Le APE 


Switching Waveform for Vp = -10V Switching Waveform for Vp = +10V 


0.5us/DIV 0.5us/DIV 


Switching Waveform for Vp =0 Switching Waveform for Vp = OV 


AD7590DI, AD7591DI TEST CIRCUIT 


O O O 
Vss GND Vpop 
-15V +15V 
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TYPICAL SWITCHING CHARACTERISTICS 


AD7592DI 
0.5us/DIV 0.5us/DIV 


Switching Waveforms for V1 =-10V, Vs2=+10V, Switching Waveforms for Vs7 =+10V, Vs2=-10V, 
Re = 1kQ RL =e 


0.5yus/DIV | 0.5ys/DIV 


Switching Waveforms for V1 and Vso = OV, RL = Switching Waveforms for Vs71 and Vs2= Open, 
Re = 1kQ 


AD7592DI TEST CIRCUIT 
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ANALOG 
DEVICES 


FEATURES 

Latch-Proof DI CMOS 

Overvoltage-Proof: Vsupp_y £25V 

Superior DG-200 Replacement 
Break-Before-Make Switching Action 

Ron: 1000 max over Full Temperature Range 
Direct TTL/CMOS Interface 


GENERAL DESCRIPTION 

The ADG200 is a dual single-pole-single-throw analog switch. 
In the ON condition, the switch conducts current in either 
direction, maintaining nearly constant ON resistance over the 
entire analog signal range. In the OFF condition, the switch 
blocks voltages of peak values equal to the switch V+ and V- 
supplies. Switch action is break-before-make. The digital in- 
puts interface directly to TTL or CMOS logic over the full 
operating temperature range. 


Fabricated using an advanced monolithic dielectrically-isolated 
CMOS process, the ADG200 is a superior plug-in replacement 
for the DG200. The ADG200 provides additional advantages 
(over the DG200) of: overvoltage protection to +25V beyond 
the power supplies, total latch-free operation, much lower 
power dissipation (30mW max) and faster switching time. 


DI CMOS 


Protected Dual SPST Analog Switch 


ADG200 


ADG200 FUNCTIONAL BLOCK DIAGRAMS 


(NOT TO SCALE) (NOT TO SCALE) 
SWITCH STATES ARE FOR LOGIC “1” INPUT (POSITIVE LOGIC) 
TO-100 14-PIN DIP 
TOP VIEW DUAL-IN-LINE PACKAGE 
TOP VIEW 
ORDERING INFORMATION 
Commercial Industrial Military 


-25°C to +85°C -55°C to +125°C 


Ceramic (D14B)! TO-100 | Ceramic (D14B)! TO-100 


ADG200BP ADG200BA | ADG200AP ADG200AA ~ 
ADG200AA/883 


Note: “/883”’ version is 100% screened to MIL-STD-883, class B 
as per note 3 on Specifications Table, next page. 


0 to +70°C 
Plastic (N14B)! 
ADG200C] 


1See Section 20 for package outline information. 
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SPECIFICATIONS 


MAX LIMITS r 
. AA AP Gain? TEST CONDITIONS 
TYP" 7 i aa BA, BP/CJ Suffix Unless Noted V, = +15V 
CHARACTERISTIC! +25°C | -55°C? —-+25°C_— 125°C | -25/0°C? — +25°C_~=—-+85/70°C?]_ UNITS | V2 =-15V, GND = 0V 
SWITCH 
TDS(ON) Drain-Source 100 Q Vin = 0.8V 
. ON Resistance 100 Is = +1mA 
IS(OFF) Source OFF Vg = 10V, Vp = -10V 
Leakage Current Vs = -10V, Vp = 10V 
a hae Vin = 2.4 
ID(OFF) Drain OFF ae Vp = 10V, Vs =-10v| M 
P Leakage Current Vp = -10V, Vs = 10V 
. ID(ONn) Channel ON Vp = Vs = 10V Vin = 0.8V 
Leakage Current . y Vp = Vs = -10V as 
INPUT 
linnH Input Current -10 -1 -10 -10 -1 -10 LA Vin = 2.4V 
Input Voltage High Vin = 15V 
lIN(@EAK) Peak Input Current 
Required tor 
Transition 
Iw Input Current vA Vin = OV 
Input Voltage Low 
DYNAMIC : 
ton Turn-ON Time 300 1000? 1000? Vin = 3.5V to OV Ri = 1kQ, Cy = 35pF 
7 
tOFF Turn-OF F Time 500? 5007 Vin = OV to 3.5V Vs = +5V 
*CS(OFF Source OFF 
ae Capacitance pF bi aad id 
CpcoFF) ee o Vp = OV, Vin =5V_ | f = 140kHz 


Cpon) + Cs(on) Channel ON Vp = Vs = OV 

Capacitance pF Vin = OV 
Vin = 5V, Ry = 1kQ, Cy = 15pF 
Vs = 7Vims, f = 5OOkKHz 


OFF Isolation® 


a 
= 


120 

ie es 
ee 
a ar ae 


SUPPLY 
I, Positive Supply Current mA 
oo Both Channels ON; Vin = OV 

I; Negative Supply Current mA 

I, Positive Supply Current 0.1 mA 

I, Negative Supply Current | -0.02 mA pepe’ VIN oy 

NOTES: 
' Typical values for information only, not guaranteed or pro- “ Functional operation is possible for supply voltages less than +15V, 
duction tested. but the input logic switching threshold will shift . 
2 Guaranteed, not subject to 100% production test. *Ip(ON) is leakage from driver gate into ON switch. 
3 ADG200AP is available 100% screened to MIL-STD-883, 6 Digital inputs are MOS gates. Typical leakage (+25°C) is less than 1 nanoamp. 

method 5004, para. 3.1.1 through 3.1.12 for a class B This is in contrast to other designs which require typically 150uA to switch. 

device. Final electrical tests are: 'DS(ON): IS(OFF): 7 Switch action is guaranteed break-before-make. 

ID(OFF): INH» HNL, 11 and Iz at +25°C and +125°C ® OFF isolation (dB) = 20 log Vs/Vp where Vs = input to OFF switch and 

(AA/883 version). Vp = output. 

Specifications subject to change without notice. 
CAUTION: 
ESD (Electro-Static-Discharge) sensitive device. The-digital control inputs are zener protected; WARNING! ) 
however, permanent damage may occur on unconnected devices subject to high energy elec- ray 
trostatic fields. Unused devices must be stored in conductive foam or shunts. The protective Ag 
foam should be discharged to the destination socket before devices are removed. ESD SENSITIVE-DEVICE 
° ° ° 
AA; AP Sutfitx 3 oi-+5.4 644. ew eda me 3S Cterl23-C 
oe < ° 3° 
Vin(Digital Input) toGround............ .. 70.3V,Vq BA, BP Suffix......... OE Baie aes ...725 Cto +85 C 
. ° (eo) 
Vs or Vp to Vy CO) Suliixa. cs Rik Seah ase eas 0 Cto +70 C 
(i second Surge): 2 s-34 Aven 6 6s chee eel .. +25V,-40V Storage Temperature 
. . ce) ° 
(CONLINUOUS) oc eed shee se Vee ee +20V,-35V C] Suttix® ova tia ganar es eee 765 Cto +125 C 
° ° 
Vs or Vp to V2 All Others ..... La Pathany bie Baad ..765 Cto +150 C 

(I Second surge): > .2.2-74-0 & ne hae eee as . ~25V, +40V Power Dissipation (Package) * 

(CONTINUOUS) 23 hove seach BR Ree Fee as -20V, +35V Metal Can**............000 20020200 eee0¢ 6 450mW 
Vz, toGround.........-2 eee e eee eee -0.3V, +17V 14 Pin’ Ceramic: DIP*** 2. oes eco Bh ee . 825mW 
V7 toGround.... 22... eee eee eee ee eee +0.3V,-17V 14: Pin: Plastic: Div sk aes one ae eo SSS 470mW 
Current, Any Terminal ExceptSorD............ 30mA 
Current, S:0F D.. sae sé Lv ace eee SAA he ea 5OmA : Devices with all leads welded or soldered to printed circuit board 

S or D Pulsed +s Derate 6mW/°C above +75°C 
Current, S or D Pulse *** — Derate 11mW/°C above +75°C 
(1ms, 10% duty cycle max).......... ». ees. -L50mMA **** Derate 6.5mW/°C above +25°C 


VOL. I, 16-30 CMOS SWITCHES & MULTIPLEXERS 


CIRCUIT DESCRIPTION 


NOTE: LOGIC “0” ON IN TERMINAL CLOSES SWITCH BETWEEN S AND D. 


Figure 1. Schematic Diagram (1 of 2 channels) 


CMOS devices make excellent analog switches; however, prob- 
lems with overvoltage and latch-up phenomenon necessitate 
protection circuitry. However, these protection circuits either 
cause degradation of important switch parameters such as 
Ron or leakage, or provide only limited protection in the 
event of overvoltage. 


The ADG200 switch utilizes a dielectrically-isolated CMOS 
fabrication process to eliminate the four-layer structure found 


in junction-isolated CMOS, thus providing latch-free operation. 


A typical switch channel is shown in Figure 1. The output 
switching element consists of device numbers 17 and 20. 
Operation is as follows: for an ‘““ON”’ switch, the gate of 
device 20 is Vy and the gate of device 17 is V2 from the driver 
circuits. Device numbers 14, 15, and 16 are “OFF” and 
numbers 18 and 19 are ‘“‘ON’’, Hence, the back-gates of the 

P- and N-channel output devices (numbers 17 and 20) are tied 
together and floating, Floating the output switch back-gates 
with the signal input provides a flatter Ron versus Vs 
response. 


For an “OFF” switch, device numbers 18 and 19 are “‘OFF’’, 
and the back-gates of devices 17 and 20 are tied through 1kQ 
resistors R3 and Rg to the respective supply comes through 
the ON” devices 14, 15, and 16. 


P CHANNEL 


N- CHANNEL 


Figure 2. ADG200 Output Switch Diode Equivalent Circuit 


If a voltage is applied to the S or D terminals which exceeds 
V1 or V2, the S- or D-to-back-gate diode is forward biased; 
however, R3 and Rg provide current limiting action (Fig. 2). 


Consequently, without external current limiting resistance 
(or increased Ron), the ADG200 series switches provide: 


1, Latch-proof operation. 
2. Overvoltage protection 25V beyond the Vy or V2 
supply voltage. 


An equivalent circuit of the output switch element in Figure 

2 shows that, indeed, the 1k{2 limiting resistors are in series 
with the back-gates of the P- and N-channel output devices — 
not in series with the signal path between the S & D terminals. 


In some applications itis possible to turn on a parasitic NPN 
(drain to back-gate to source of the N-channel) transistor 
which causes device destruction under certain conditions. This 
case will only manifest itself when a negative overvoltage 
(and not a positive overvoltage) exists with another voltage 
source on the other side of the switch. Current limitation 
through external resistors (20092) or the output of op amps 
will prevent damage to the device. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


V, =+15V 
V2 =-15V 


Vin = OV TO 5V 


SWITCHING TIME — ns 


TEMPERATURE — °C 


Figure 3. Switching Time vs. Temperature 


VtH — Volts 


0 
7 8 9 110 WM #12 «13 «14~«15 
V1 = |V2| — Volts 


Figure 4. Input Logic Threshold vs. Power Supply Voltage 
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ANALOG 
DEVICES 


FEATURES 

Latch-Proof DI CMOS 

Overvoltage Proof to 25V Beyond Supplies 
Superior DG201 Replacement 
Break-Before-Make Switching Action 

Low Ron: 8022 

Low Power Dissipation: 30mW max 

Direct TTL or CMOS Interfacing 


GENERAL DESCRIPTION 

The ADG201 is a quad SPST analog switch. In the ON state, 
the switch conducts current in either direction, maintaining 
nearly constant ON resistance over its signal handling range. In 
the OFF state, it blocks voltages equal to the switch V+ and 
V- supplies. Switch action is break - before - make. 


The digital inputs interface directly to TTL or CMOS logic 
over the full operating temperature range. 


Fabricated with an advanced monolithic dielectrically - iso- 
lated CMOS process, the ADG201 is a superior plug-in 
replacement for the DG201. ADG201 advantages over other 
designs include: lower Ron, lower power dissipation, faster 
switching time, overvoltage protection (25V beyond power 
supplies), and latch - free operation. 


DI CMOS 


Protected Quad SPST Analog Switch: 


ADG201 


ADG201 FUNCTIONAL BLOCK DIAGRAM 


SWITCH IS OPEN FOR LOGIC “1” (POSITIVE TRUE) INPUT 


16-PIN DIP 
TOP VIEW 


ORDERING INFORMATION 


Commercial Industrial Military 
0 to +70°C -25°C to +85°C -55°C to +125°C 
Plastic (N16B)! Ceramic (TO-116)! Ceramic (TO-116)! 
ADG201CJ ADG201BP ADG201AP 
ADG201AP/8837 


NOTES: 

1See Section 20 for package outline information. 

“1883” version is 100% screened to MIL-STD-883, eis B 
as per note 3 on Specifications Table, next page. 


CMOS SWITCHES & MULTIPLEXERS VOL. I, 16-33 


‘Ty 


. 


SPECIFICATIONS 


MAX LIMITS * 
é ; TEST CONDITIONS 
Typ! |. AP SUFFIX BRC SURES Unless Noted V, = +15V 
CHARACTERISTIC — +25°C | -55°C? 425°C — +1 25°C | -25/0°C? —-+25°C_—-+85/70°C?] UNITS | V2 =-15V, GND = 0V 
SWITCH 
T'DS(ON) Drain-Source Q Vin = 0.8V 
: ON Resistance Is = +1mA 
* IS(OFF) Source OFF Vs = 10V, Vp =-10V 
Leakage Current Vs = -10V, Vp = 10V 
Vin = 2.4V 
ID(OFF) Drain OFF nA Vp = 10V, Vs = -10V 
Leakage Current : Vp = -10V, Vs = 10V 
Ip(on)° Drain ON 500 1 500 250 5 250 Vp = Vs = 10V | Vin = 0.8V 
Leakage Current -500 =i -500 -250 -5 -250 Vp = Vs = -10V 
INPUT : 
INH Input Current -10 -1 ~10 -10 -1 -10 LA | Vin = 2.4V 
Input Voltage High 10 1 10 10 1 10 Vin = 15V 
IIN@EAK)° Peak Input Current 
Required for 
Transition 
INL Input Current HA Vin = OV 
Input Voltage Low 
DYNAMIC 
ton Turn-ON Time?’ 1000 1000 Vin = 3.5V to OV Ry = 1k, Cy = 35pF 
toFF Turn-OFF Time?” 500 500 Vin = OV to 3.5V Vs = +5V 
Cg(oFF) Source OFF pF: Vs = OV, Vin = 5V 
Capacitance 
Cp(OFF) Drain OFF pF Vp = OV, VIN =5V 
Capacitance 
Cpon) + Cs(ony Channel ON Vp = Vs = OV 
Capacitance 21 pF Vin = OV 
OFF Isolation® Vin = 5V, Ry = 1kQ, Cy = 15pF 
Vs = 7Vrms, f = 500kHz 
SUPPLY 
I, Positive Supply Current 0.015 mA 
One Channel ON, Vy = OV 
I, Negative Supply Current | -0.015 mA 
I, Positive Supply Current 
All Channels OFF, Vp = 5V 
I, Negative Supply Current 
NOTES: 
' Typical values for information only, not guaranteed or pro- 5 Ip(ON) is leakage from driver gate into ON switch. 
‘ duction tested. 6 Digital inputs are MOS gates. Typical leakage (+25°C) is less than 1 nanoamp. 


2 Guaranteed, not subject to 100% production test. 

3 ADG201AP is available 100% screened to MIL-STD-883, 
method 5004, para. 3.1.1 through 3.1.12 for a class B 
device. Final electrical tests are: rps(ON), IS(OFF): 


ID(OFF): ID(ON). INH: HNL. !1 and 12 at +25°C and 
+125°C (AP/883 version). 

“Functional operation is possible for supply voltages less than 
+15V, but the input switching threshold will shift. 


ABSOLUTE MAXIMUM RATINGS 


VIN (Digital Input) to Ground 
Vs or Vp to Vy 
(1 second surge) .... 
(continuous)........ 
Vs or Vp to V2 
(1 second surge) . 
(continuous). ...........0-6- ; 
V;toGround......... 
V2 toGround.... 


Current, any terminal exceptSorD.... 


Continuous Current,SorD........ 
Peak Current, S or D 


(pulsed at lms, 10% duty cycle max) . 


eee e« © © © © © © © © © © 8 


oe © © © © © © © © © © © © © 


ee «© © © © © © © © © © © © © © 8 ew 


This is in contrast to other designs which require typically 150uA to switch. 
7 Switch action is guaranteed break-before-make. 
8 OFF isolation (dB) = 20 log Vs/Vp where Vs = input to OFF switch and 
Vp = output. 


Specifications subject to change without notice. 


Operating Temperature 


..70.3V, Vy (AP Suffix)... 0... eee eee ee 755 C to $125°C 

(BP Suffix). ...... ita st aa fae foritaee .. .725°C to +85°C 

+25V, -40V (CJ Suffix)............ epeneane te .... 0'Cto +70°C 
.. +20V,-35V_ —- Storage Temperature 

(AP, BP Suffix).................-765°C to +150°C 

-25V, +40V (CJ Suffix)............. Mente 2 .-65°C to +125°C 
.. ~20V, +35V Power Dissipation (Package) * 

-0.3V, +17V 16 Pin Ceramic DIP**.................... 900mMW 
..+0.3V,-17V 16 Pin Plastic DIP***................204. . 470mW 
F ... 30mA 
sees . 50mA 

id Device mounted with all leads soldered or welded to PC board 
** Derate 12mW/°C above +75°C 
satetce ats 150mA *** Derate 6.5mW/°C above +25°C 
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CAUTION: 


ESD (Electro-Static- Discharge) sensitive device. The digital inputs are zener protected; 
however, permanent damage may occur on unconnected devices subjected to high energy elec- 
trostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed for insertion. 


CIRCUIT DESCRIPTION 


R2 
R1 


NOTE: LOGIC “0” ON IN TERMINAL CLOSES SWITCH BETWEEN S AND D. 


Figure 1. Schematic Diagram, 1 of 4 Channels 


CMOS devices make excellent analog switches; however, prob- 
lems with overvoltage and latch - up phenomenon necessitate 
protection circuitry. However, these protection circuits either 
cause degradation of important switch parameters such as 
Ron or leakage, or provide only limited protection in the 
event of overvoltage. 


The ADG201 switch utilises a dielectrically - isolated CMOS 
fabrication process to eliminate the four- layer structure found 
in junction-isolated CMOS, thus providing latch-free operation. 


A typical switch channel is shown in Figure 1. the output 
switching element consists of device numbers 17 and 20. 
Operation is as follows: for an “ON”’ switch, the gate of 
device 20 is V 1 and the gate of device 17 is Vz from the driver 
circuits. Device numbers 14, 15 and 16 are “OFF” and 
numbers 18 and 19 are ‘‘ON’’. Hence, the back-gates of the 

P- and N-channel output devices (numbers 17 and 20) are tied 
together and floating. Floating the output switch back - gates 
with the signal input provides a flatter Ron versus 

Vg response. 


For an “OFF’”’ switch, device numbers 18 and 19 are “OFF’”’, 
and the back - gates of devices 17 and 20 are tied through 
1kQ resistors R3 and Rg to the respective supply voltages 
through the “ON”’ devices 14,15 and 16. 


WARNING! _ 
WS 


ESD SENSITIVE DEVICE 


P CHANNEL 


N- CHANNEL 


Figure 2. ADG201 Output Switch Diode Equivalent Circuit 


If a voltage is applied to the S or D terminals which exceeds 
V1 or V9, the S- or D-to- back - gate diode is forward biased; 
however, R3 and Rg provide current limiting action (Fig. 2). 


Consequently, without external current limiting resistance 
(or increased Ron), the ADG201 series switches provide: 


1. Latch - proof operation. 
2. Overvoltage protection 25V beyond the V, or V> 
supply voltage. 


An equivalent circuit of the output switch element in Figure 
2 shows that, indeed, the 1k{2 limiting resistors are in series’ 
with the back - gates of the P- and N-channel output devices- 
not in series with the signal path between the S & D terminals. 


In some applications it is possible to turn on a parasitic NPN 
(drain to back -gate to source of the N-channel) transistor 
which causes device destruction under certain conditions. This 
case will only manifest itself when a negative overvoltage 
(and not a positive overvoltage) exists with another voltage . 
source on the other side of the switch. Current limitation 
through external resistors (200Q2) or the output of op amps 
will prevent damage to the device. 
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V, = +15V 
Vz = -15V 


Vin =0 TO 3.5V 


peat 


SWITCHING TIME — ns 


TEMPERATURE — °C 


Figure 3. Switching Time vs. Temperature 
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VtH — Volts 


0 
7 ~8 9 10 11 12 13 14 «15 
POWER SUPPLY VOLTAGE, V, =/V2/ — Volts 


Figure 4. Input Logic Threshold vs. Power Supply Voltage 
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Bonding Diagrams: 


AD7501 17-60 17 
AD7502 17-60 


AD7503 - 17-60 
AD7506 . 17-60 
AD7507 17-61 
AD7510 17-61 
AD7511 17-61 
AD7512 17-61 
AD7520 17-61 
AD7521 17-62 
AD7522 | 17-62 
AD7523 17-62 
AD7524 17-62 
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AD7533 
AD7541 
AD7542 
AD7543 
AD7550 
AD7574 
®AD7590 
@AD7591 
@®AD7592 


@New product since the 1980 Data-Acquisition Components and Subsystems Catalog, 


DACPORT is a trademark of Analog Devices, Inc. 
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Bipolar Integrated Circuit Chips 


General Information 


PHYSICAL CHARACTERISTICS 
Die Thickness: The standard thickness of Analog Devices Bi- 
polar dice is 20 mils +2 mils. 


Die Dimensions: The dimensions given on the specific device 
data sheets have a tolerance of +2 mils. 


Backing: The standard backside surface is silicon (not plated). 
Analog Devices does not recommend gold-backed dice for 
most applications. 


Edges: A diamond saw is used to separate wafers into dice 
thus providing perpendicular edges half-way through the die. 


In contrast to scribed dice, this technique provides a more 
uniform die shape and size. The perpendicular edges facili- 
tate handling (such as tweezer pick-up) while the uniform 
shape and size simplifies substrate design and die attach. 


Top Surface: The standard top surface of the die is covered 
by a layer of glassivation. All areas are covered except bonding 
pads and scribe lines. 


Surface Metalization: The metalization on Analog Devices 
Bipolar dice is aluminum. Minimum thickness is 10,000A. 
Bonding Pads: All bonding pads have a minimum size of 4 mils 
by 4 mils. The passivation windows are 3.5 mils by 3.5 mils 
minimum, 


PACKAGING 

All dice are packaged in plastic waffle packs: The quantity of 
dice per package depends on die size. 

A sheet of anti-static paper and a sheet of anti-static plastic 
is included in each pack. 


Waffle packs are secured and shipped in cardboard shipping 
containers, 


ASSEMBLY INFORMATION 
Cleaning: Each die is cleaned prior to packaging in waffle 
packs. No additional cleaning is recommended. 


Dice Inspection: Standard dice are 100% inspected to MIL- 
STD-883, Method 2010, Class B. 


Die Attach: The proper method of die attach is determined 
by the requirements of the particular application. 


If an adhesive die attach technique is required by the con- 
straints of the application, then package moisture content 
must be monitored. To insure reliability the internal moisture 
content of the package has to remain below 5000ppm (from 
0 to 1000 hrs. minimum). 


When eutectic die attach is used, Analog Devices recommends 
using either a 99.99% gold or a 98% gold, 2% silicon preform. 


Recommended eutectic die attach temperature is 410°C 
+10°C as measured at the die-substrate interface surface. 
Time at 410°C shall not exceed 30 seconds. 


Lead Bonding: Analog Devices recommends bonding one mil 
99.99% gold for gold ball bonding. 


Analog Devices recommends ultra-sonic bonding for users 
requiring aluminum wire. One mil 99% aluminum 1% silicon 
wire is recommended. 


Unless otherwise specified on the device data sheet, there is 
no required bonding sequence for bipolar chips. 


Electrostatic Discharge (ESD): Bipolar integrated circuits are | 
subject to catastrophic damage due to electrostatic charges 
generated by careless handling. 


Furthermore, subtle shifts in transistor characteristics can 
occur after being subjected to lower amounts of ESD. Pre- 
cision devices, trimmed to accuracies in the order of +25 
microvolts, can be shifted out of spec due to improper 
handling. 


To preserve the accuracy of precision bipolar integrated cir- 
cuits, Analog Devices recommends the following: 


a. Verify proper grounding of all manufacturing equipment. 


b. All workers who handle the chips should be wearing a 
grounded conductive wrist-strap. 


c. All work-in-process, especially any work with incomplete 
wire-bonding, should be placed on a conductive surface. 


d. Dice not in use should be stored in the original waffle pack 
- with anti-static paper. 
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PACKAGE SEALING RECOMMENDATIONS 

Analog Devices recommends hermetic packaging. The initial 
precision of trimmed thin-film integrated circuits is retained 
indefinitely when not subjected to high humidity or corrosive 
environments, 


. . ° . 
A maximum sealing temperature of 320 C for a maximum 
time of 3 minutes is recommended. 


The sealing technique must insure that the internal moisture 
content remain below 5000ppm under all conditions for the 
life time of the product. 


ORDERING INFORMATION 

Analog Devices bipolar integrated circuit chips are specified in 
the same manner as packaged devices, except the package code 
letter is replaced by the word “CHIPS”’. 


ADXXX X CHIPS 
Prefix (all Product Grade Designates 
products) Number (single letter) Chips 


Minimum order quantity is 25 pieces per line item. Analog 
Devices dice are supplied only in multiples of 25 pieces. 


USING DATA SHEETS . 

Specifications: Electrical tests are performed at wafer probe, 
before the wafer is separated into individual dice. Maintaining 
chip performance to specification requires great care in hand- 
ling and assembly. The specific recommendations in this Gen- 
eral Information Section are intended to assist the user in 
achieving specified performance of Analog Devices chips in 
assembled circuits. Electrical specifications are given for each 
product. NOTE: Although the specifications generally con- 
form to those of equivalent grades of packaged product, some 
differences exist. 
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AC testing at the chip level is also not practical; therefore, ac 
specifications are also given as typical. 


Applications Information: General applications information 1s 
not included on the chip data sheets; this information is pro- 
vided on the data sheet for the packaged version of each © 
product. 


Specific application information that applies to the chip ver- 
sion of each product is given on the chip data sheet. 


Metalization Photograph: Metalization photographs are pro- 
vided for each product. Chip dimensions and pad functions 
are included. 


ADDITIONAL PRODUCT AVAILABILITY INFORMATION 
Older Products: The data sheets published in this catalog are 


intended to assist the user in the design of new hybrid cir- 


cuits using the highest performance, most cost-effective prod- 
ucts available from Analog Devices. There are, however, 

older IC products that may have been designed into circuits 
in the past but which are no longer the optimum choice for 
new designs. These products continue to be available as in 
the past. 


If you are using one of these older Analog Devices [C chips 
and require technical assistance, please contact the factory. 
Sales-related information may be obtained from the nearest 
Analog Devices sales office listed on the back cover. 


New Products: Analog Devices is continuously introducing new 
integrated circuit products. Most of these are monolithic and 
thus may be supplied in chip form. Although it is our policy to 
obtain first-hand assembly, testing and application experience 
with new products before introducing the chip version, we 
encourage potential users to contact the factory for avail- 
ability information on new IC products not listed in this 
catalog. 


ANALOG 
DEVICES 


Low Cost, Laser Trimmed 
Precision IC Op Amp 


ADS17 CHIPS 


PRODUCT DESCRIPTION 

The Analog Devices AD517 operational amplifier is laser- 
trimmed for ultra-low offset voltages, thus eliminating the 
need to trim in most applications. Other features include very 
low offset voltage drift and high gain. Advanced super-beta 
techniques provide ultra-low input currents. The AD517 is 
ideal for precision instrumentation applications. Protected in- 
put and output circuitry along with internal compensation for 
gains of one or greater minimize hybrid component count. 
AD517 chips are available in two grades specified for oper- 
ation between 0 and +70°C and one grade specified for oper- 
ation between -55°C and +125°C. 


APPLICATION INFORMATION 

AD517 chips are functionally identical to packaged AD517 
devices. For general application information, see the AD517 
packaged product catalog data sheet. 


The following additional application information applies to 
AD517 chips: 


1. No particular wire-bonding sequence must be followed. 


2. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD517 chip must be 
connected to -Vs, device pad number 4. 


4, Pads 7A and 7B must both be connected to +Vs. 


5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm), 


NULL NULL 
1 8 


3 
+INPUT 


0.093 
(2.362) 


6 OUTPUT 


_ 


4 NOTE: THERE IS NO PAD #5 
-Vs 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS (typical @+25°C - +15V dc ie otherwise noted) 


MODEL AD517J AD517K AD517S 
OPEN LOOP GAIN 
Vo = +10V, Rp > 2kQ 10° * * 
Ta = +25°C to Tmax 500,000 min * 250,000 
Ta = Tmin to +25°C we . 500,000 * 250,000 
" ‘OUTPUT CHARACTERISTICS 
Voltage @ Ry 2 2kQ, T,., to Thay +10V min . * 
Load Capacitance 1000pF ? : 
Output Current 10mA min - . 
Short Circuit Current 25mA a m 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 250kHz . ee 
Full Power Response 1.5kHz . : 
Slew Rate, Unity Gain 0.10V/us 7 - 
INPUT OFFSET VOLTAGE 
Initial Offset, Rg < 10kQ 150uV max 75uV max = 
vs. Temp, Ta = +25°C to Tmax 3.0uv/°C max 1.8uV/°C max ** 
Ta = Tmin to +25°C 3.0uV/°C 1.8uV/°C sd 
vs. Supply | 25uV/V max 10uV/V max sa 
Ta = +25°C to Tmax 40uV/V max 15uV/V max 20uV/V max 
Ta = Tmin to +25°C 40uV/V 15uVv/V 20uV/V 
INPUT OFFSET CURRENT 
Initial 1nA max 0.75nA max Ne 
Ta = +25°C to Tmax 1.5nA max 1.25nA max 2nA max 
Ta = Tmin to +25 C 1.5nA 1.25nA 2nA 
INPUT BIAS CURRENT 
Initial 5nA max 2nA max baled 
Ta = +25°C to Tivax 8nA max 3.5nA max 10nA max 
Ta = Tmin to +25°C 8nA 3.5nA 10nA 
vs. Temp, Tmin to Tmax +20pA/°C +10pA/°C ae 
INPUT IMPEDANCE . 
Differential 1SMQQ1.5pk 20MQQ111.5 pF ais 
Common Mode 2.0x10!''Q * 
INPUT NOISE 
Voltage, 0.1Hz to 10Hz 2uV p-p . a 
f = 10Hz 35nVA/Hz : * 
f = 100Hz 25nVA/Hz * * 
f = 1kHz 20nV/\/Hz : - 
Current, f = 10Hz 0.05pAA/Hz . : 
f = 100Hz 0.03pAA/Hz ‘ ‘ 
= 1kHz 0.03pAh/Hz Z : 
INPUT VOLTAGE RANGE 
Differential or Common Mode, max safe tVs . = 
Commen Mode Rejection, Vpy = +10V 94dB min 110dB a 
Common Mode Rejection, Ta = +25°C to Tmax 94dB min 100dB min oe 
Ta =Tmin to+25°C 94dB 100dB = 
POWER SUPPLY 
Rated Performance +15V * ig 
Operating +(5 to 18)V : +(5 to 22)V 
Current, Quiescent 4mA max 3mA max aoe 


TEMPERATURE RANGE 
Operating 
Tested (Ta = +25°C to Tmax) 
Guaranteed, Not Tested 
(Ta = Tmin to +25°C) 
Storage 


+25°C to +70 C 


0 to +25°C 


-65°C to +150°C 


* 


* 


* 


+25°C to +125°C 


~55°C to +25°C 
* 


NOTES 


*Specifications same as ADS 17). 
**Specifications same as AD517K. 


Electrical tests are performed at wafer probe, before the wafer is separated into 


individual dice. Maintaining chip performance to specification requires great 


care in handling and assembly. 


Specifications subject to change without notice. 
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Sa A I a a ED 


ANALOG | | ae 
DEVICES Low Cost, High Speed, IC Op Amp. — 


AD518 CHIPS |. 


PRODUCT DESCRIPTION The following additional application information applies to 
The AD5 18 is a low cost, high speed operational amplifier AD518 chips: 

designed as an improved functional replacement for 118-type 
devices, It is internally compensated for unity gain, but has the oe 
capability of accepting feed-forward compensation for increased 2: For assembly information, see the Bipolar Integrated Cir- 


1. No particular wire-bonding sequence must be followed. 


slew rate and bandwidth. AD5 18 chips are available in two cuit Chips General Information Section. 
“fe . ° 
grades specified for operation between 0 and +70 C and 3. For performance to device specifications, the metal sub- 
one grade for operation between -55 C and +125 C. strate pad or header beneath the AD518 chip must be 
APPLICATION INFORMATION connected to -Vg, device pad number 4. | { 
AD5 18 chips are functionally identical to packaged AD518 4. Do not connect to any bonding pads or metalization not 
devices. For general application information, see the AD518 indicated as a functional bonding pad on the metalization 


packaged product catalog data sheet. photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 


OUTPUT 
6 


2 
-INPUT +INPUT 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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| | ; a _ 
SPECIFICATIONS (typical @ +25°C and Vs = +15V dc unless otherwise specified) 


PARAMETER AD518J AD518K AD518S 
OPEN LOOP GAIN 
» RL 22kQ, Vo = +10V 25,000 min (100,000 typ) 50,000 min (100,000 typ) . 
Ta = +25°C to Tmax 20,000 min 25,000 min = 
Ta = Tmin to +25°C 20,000 25,000 
OUTPUT CHARACTERISTICS 
Voltage @ Ry, 2 2kQ22, TA = min to max +12V min (+13V typ) : 2 
Current @ Vg = +10V +10mA i a * 
Short Circuit Current . 25mA i . 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 12MHz * * 
Slew Rate, Unity Gain S5OV/ps ae 
Settling Time to 0.1% 
(Single Capacitor Compensation) 800ns i ‘ 
Phase Margin, Uncompensated at Unity 
Gain Crossover Frequency 60° * . 


INPUT OFFSET VOLTAGE 


Initial, Rg < 10kQ 10mV max (4mV typ) 4mV max (2mV typ) ag 
Te = 425 CXO Tray 15mV max 6mV max ** 
Ta = Tmin to +25-C 15mV 6mV ** 
Avg vs. Temp, Ta = 25°C to Tmax LOUV/PC 15uV/°C max (SuV/°C typ) 20uV/°C max (10uV/°C typ) 
Ta = Tmin to +25°C 10uV/°C suViC . : 
Avg vs. Supply, Ta = +25°C to Tmax 65dB min (80dB tvp) 80dB min (90dB typ) si 
Ta = Tmin to +25°C 80dB 90dB ne 
INPUT BIAS CURRENT 
Initial 500nA max (120nA typ) 250nA max (120nA typ) = 
Ta = +25°C to Tmax 750nA max 400nA max a 
Ta = Tmin to +25°C 750nA 400nA - 


INPUT OFFSET CURRENT 


Initial 200nA max (30nA tvp) 5OnA max (6nA typ) Hee 
Ta = +25°C to Tmax 300nA max 100nA max as 
Ta = Tmin to +25°C 300nA 100nA ** 


INPUT IMPEDANCE 


Differential 0.5MQ min (3.0MQ2Q typ) i 
INPUT VOLTAGE RANGE* 

Common Mode, max safe tVs * 5s 

Operating, Vs = +15V +11.5V ts : 

Common Mode Rejection Ratio 70dB min (100dB typ) 80dB min (100dB typ) P 


POWER SUPPLY 


Rated Performance ESV = . 
Operating +(5 to 20)V % : 
Current, Quiescent 10mA max (5mA typ) 7mA max (SmA typ) es 
TEMPERATURE RANGE 
Operating 
Tested (Ta = +25°C to Tmax) +25°C to +70°C : +25°C to +125°C 
Guaranteed, Not Tested 
(Ta = Tmin to +25°C) 0 to +25°C . ~55°C to +25°C 
Storage -65°C to +150°C 5f 4 
ek RS SES PS DN SS STS ET IS PE ESET ESS TET DI IPE ESI AT EE TE TES EET 
NOTES 
+The inputs are shunted with back-to-back diodes; if the Electrical tests are performed at wafer probe, before the wafer is separated 
differential input may exceed £1 volt, a resistor should into individual dice. Maintaining chip performance to specification requires 
be used to limit the input current to 1OmA. great care in handling and assembly. 


*Specifications same as AD518J. 
**Specifications same as AD518K. 


Specifications subject to change without notice. 
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ANALOG: a | . 
DEVICES Precision Instrumentation Amplifier 


PRODUCT DESCRIPTION The following additional application information applies to 
The AD521 is a second generation, low cost monolithic instru- AD521 chips: 
mentation amplifier. As a true IA, it exhibits high input im- 1. No particular wire-bonding sequence must be followed. 


pedance, balanced differential inputs, low bias currents and 
high CMR. Gain is programmed for values between 0.1 and 
1000 by two external resistors. The AD521 is internally com- 


2. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. 


pensated and input and output protected. Two AD521 chip 3. For performance to device specifications, the metal sub- 
grades are specified for operation between 0 and +70°C while strate pad or header beneath the AD521 chip must be 
one grade is specified over the -55°C to +125°C range. connected to -Vg, device pad number 5. 
APPLICATION INFORMATION 4. Do not connect to any bonding pads or metalization 
AD521 chips are functionally identical to packaged AD521 not indicated as a functional bonding pad on the 
devices. For general application information, see the AD521 metalization photograph. 


packaged product catalog data sheet. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 


COMP 9 
NULL 
Rs 10 
-Vs 
0.110 
REF 11 
(2.794) 
NULL 
SENSE 12 
Rs 13 
-INPUT 
Rg 
+INPUT 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-116 14 PIN CERAMIC PACKAGE. 
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SPECIFICATIONS ee @ Vs = + 15V, Ri =2kQ and Ta = 25°C unless otherwise specified) 


MODEL ADS21J ADS5S21K ADS521S 
AIN 
Range (For Specified Operation, Note 1) 1 to 1000 *: * 
“ Equation G = Rs/RGV/V bd ° 
Error from Equation (£0.25 —0.004G)% : 
Nonlinearity (Note 2) J 
1<G<1000 0.2% max 3 , 
Gain Temperature Coefficient 4(3 £0.05G)ppm/°C ‘i +(15 £0.4G)ppm/°C 

OUTPUT CHARACTERISTICS 
Rated Output +10V, +10mA min : * 
Output at Maximum Operating Temperature £10V © SmA min . . 
Impedance 0.12 ‘ * 

DYNAMIC RESPONSE 
Small Signal Bandwidth (+3dB) 

G=1 > 2MHz . bs 
G=10 300kHz ‘ * 
G= 100 200kHz . . 
G = 1000 40kHz * ° 
Small Signal, +1.0% Flatness 
G21 75kHz i * 
G=10 26kHz ° : 
G = 100 24kHz : : 
G = 1000 6kHz . . 
Full Peak Response (Note 3) 100kHz i ‘ 
Slew Rate, 1G ©1000 10V/ps % . 
Settling Time (any 10V step to within 10mV of Final Value) 
G=1 7us bg * 
G=10 Sus. * e 
G= 100 10us ° * 
G= 1000 35 us ° Py 
Differential Overload Recovery (£30V Input to within 
10mV of Final Value) (Note 4) 
G = 1000 SOus id ° 
Common Mode Step Recovery (30V Input to within 
10mV of Final Value) (Note 5) 
G = 1000 10us . . 

VOLTAGE OFFSET (may be nulled) ee 

Input Offset Voltage (Vos, ) 3mV max (2mV typ) 1.5mV max (0.5mV typ) ee 
vs. Temperature, Ta = +25°C to Trax 15uV/°C max (7uV/°C typ) 5uV/°C max (1.5uV/°C typ) 
Ta = Tmin to +25°C MmVPC 1.5uVvi°C “ 
vs. Supply 3uV/% ne 4 
Output Offset Voltage (Vos) 400mV max (200mV typ) 200mV max (30mV typ) ix 
vs. Temperature, Ta = +25°C to Tmax 400uV/°C max (150NV/°C typ) 150uV/°C max (SOUV/°C typ) 
Ta = Tmin to +25°C 150nV/°C 50uV/°C a 
vs. Supply (note 6) 0.005Vos_/% = : 

INPUT CURRENTS a 
Input Bias Current (either input) 80nA max 40nA max 

vs. Temperature, Ta = +25°C to T, ax 1nA/°C max 500pA/°C max ae 

Ta = Tmin to +25°C InA/?C 500pA/°C a 

vs. Supply 2%/V ® Ae 

Input Offset Current 20nA max 10nA max ie 
vs. Temperature, Ta = +25°C to Trax 250pA/°C max 125pA/°C max 

Ta = Tmin to +25°C 250pA/°C 125pA/°C ce 

INPUT : 
Differential Input Impedance (Note 7) 3 x 10°2]1.8pF : ‘ 
Common Mode Input Impedance (Note 8) 6 x 10! °Q113.0pF 
Input Voltage Range for Specified Performance 

(with respect to ground) +10V : ° 
Maximum Voltage without Damage to Unit, Power ON . 
or OFF Differential Mode (Note 9) 30V ° ‘ 
Voltage at either input (Note 9) Vs t15V . 
Common Mode Rejection Ratio, DC to 60Hz with 1kQ 
source unbalance 
G= 70dB min (74dB typ) 74dB min (80dB typ) *s 
G= 10 90dB min (94dB typ) 94dB min (J00dB typ) aac 
G = 100 100dB min (104dB typ) 104dB min (114dB typ) pa 
G = 1000 100dB min (110dB typ) 110dB min (120dB typ) sche 

NOISE : 

Voltage RTO (p-p) @ 0.1Hz to 10Hz (Note 10) V(0.5G)?_+ (225)? eV ‘ . 
RMS RTO, 10Hz to 10kHz (1.2G)° + (50)° uv : : 
Input Current, rms, 10Hz to 10kHz 1SpA (rms) . 

REFERENCE TERMINAL i 
Bias Current 3uA . 2 : 
Input Resistance 10M2Q . . 
Voltage Range +10V . ‘ 
Gain to Output 1 . 

POWER SUPPLY ‘ 
Operating Voltage Range +5 to £18 . i 
Quiescent Supply Current 5mA max « 

TEMPERATURE RANGE 
Operating 

Tested (Ta = +25°C to Tmax) +25°C to +70°C . +25°C to +125°C 
Guaranteed, Not Tested 

(Ta = Tmin to +25°C) 0 to +25°C ° -55°C to #25°C 
Storage -65°C to +150°C ‘ 7 


NOTES: 


All Numbered Notes Refer to AD521 Packaged Product Catalog Data Sheet in Section 5. 


*Specifications same as AD521J. 
**Specifications same as AD521K. 


°°*Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great care 


in handling and assembly. t 
Specifications subject to change without notice. 
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ANALOG —_ a 
DEVICES Trimmed IC Multiplier 


PRODUCT DESCRIPTION packaged product catalog data sheet and the Analog Devices 
The AD532 is a complete laser-trimmed analog multiplier/ “Multiplier Application Guide”. 
divider that performs to specification without any external 


ns he f itional ication inf ti lies t 
trims or additional components. In hybrid applications, ee a sea ee ea 


AD532 chips can eliminate the need to design and operate 


complicated trim and test equipment while conserving 1. No particular wire-bonding sequence must be followed. 


valuable substrate area. As a multiplier, the AD532 op- 2. For assembly information, see the Bipolar Integrated 
erates as a full four-quadrant device; division is performed Circuit Chips General Information Section. 

weap qnactants: nD? se emips ane ae we grades 3. For performance to device specifications, the metal sub- 
specified for 0 to +70 C operation and one grade for -55 C strate pad or header beneath the AD532 chip must be 

to +125°C. . connected to -Vs, device pad number 5. 

AP PLICATION INFORMATION 4, Do not connect to any bonding pads or metalization not 
AD532 chips are functionally identical to packaged AD532 indicated as a functional bonding pad on the metalization 


devices. For general application information, see the AD532 photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-100 10 PIN METAL PACKAGE. 
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1 | 
SPECIFICATIONS (typical @ +25°C with Vs = +15V dc, Vos grounded, unless otherwise specified) 


PARAMETER CONDITIONS ADS532J 
ABSOLUTE MAX RATINGS 
Supply Voltage +18V 
Internal Power Dissipation ‘500mW 
Input Voltage? 
XV ViceZ tVs 
Output Short Circuit To Ground Indefinite 


MULTIPLIER SPECIFICATIONS 
Transfer Function 
Total Error (% F.S.) Vx = 0/t10V, Vy = 0/+10V 


Ta = +25°C to Tmax 


(X,—-X, MY —Y,)/10 
+2.0% max (+1.5% typ] 
+2.5% 


AD532K 


* 


+1.0% max [+0.7% typ] 
+1.5% 


AD532S 


+22V 


s 


* 


+1.0% max [40.5% typ] 
+4.0% max 


Ta =Tmin to +25 C £2.5% 41.5% +4,0% 
vs. Temperature Ta = +25 C to Tmax +0.04%/°C +0.03%/°C +0,04%/°C max 
[+0.0196/°C typ] - 
Ta = Tmin to +25°C +0.04%/°C +0.03%/°C +0.01%/°C 
Nonlinearity | 
X Input — Vx = 20V(p-p), Vy = +10V_ £0.8% +0.5% +e 
Y Input Vy = 20V(p-p), Vx =+10V — £0.3% - +0.2% sea 
Feedthrough 
X Input Vx = 20V(p-p), Vy = 0, 200mV(p-p) max 100mV(p-p) max 
f = 50Hz [SOmV(p-p) typ] {30mV(p-p) typ] ~ 
Y Input Vy = 20V(p-p), Vx = 0, 150mV(p-p) max 80mV(p-p) max 
f = 50Hz [30mV(p-p) typ] [25mV(p-p) typ] oe 
vs. Temperature TA = min to max 2.0mV(p-p)/°C 1.0mV(p-p)/°C = 
DIVIDER SPECIFICATIONS ; 
Transfer Function 10Z/(X,—X,) ‘i . 
Total Error? Vx = —10V, Vz = t10V +2% +1% a8 
Vx =—-1V, Vz = $10V t4% +3% “— 
SQUARER SPECIFICATIONS 
Transfer Function (X,—-X, )?/10 ; : 
Total Error +0.8% +0.4% bel 
SQUARE ROOTER SPECIFICATIONS 
Transfer Function —~¥10Z if 
Total Error? Vz = 0/+10V +1.5% +1.0% ae 
INPUT SPECIFICATIONS a 
Input Resistance 
X, Y Inputs 10MQ 7 
Z Input 36k is 
Input Bias Current 
X, Y Inputs 3uA 4uA max [1.5uA typ] whe 
Z Input +10uA £15uA max [+5uA typ] sgh 
X, Y Inputs TA = min to max 10pA 8uA i 
Z Input TA = min to max +30uA +25yuA = 
Input Offset Current 
X, Y Inputs +0.3uA +0.1pA nf 
Input Voltage Diff/CM TA = min to max 
X, Y, Z Inputs For Rated Accuracy +10V - . 
CMRR (X or Y Inputs) X or Y= +10V 40dB min 50dB min nae 
DYNAMIC SPECIFICATIONS 
Small Signal, Unity Gain 1.0MHz . * 
Full Power Bandwidth 750kHz - ?, 
Slew Rate 45V/us to 2% * . 
Small Signal Amplitude Error 1% at 75kHz * . 
Small Signal 1% Vector Error 0.5° phase shift 5kHz is ‘3 
Settling Time +10V step ‘ lps to 2% : : 
Overload Recovery 2s to 2% * . 
OUTPUT AMPLIFIER SPECIFICATIONS 
Output Impedance Closed Loop 12 ‘ = 
Output Voltage Swing TA = min to max 
Ry 2 2kQ, Cy <1000pF = £10V min [£13V typ] sg i 
Output Noise f = 5Hz to 10kHz 0.6mV(rms) . . 
f = 5Hz to SMHz 3.0mV(rms) . : 
Output Offset Voltage 
Initial Offset Trimmable To Zero +40mV +30mV max we. 
vs. Temperature Ta = +25°C to Tmax 0.7mvV/C * 2.0mV/°C max 
Ta = Tmin to +25 C 0.7mV/°C . = 
POWER SUPPLY SPECIFICATIONS 
Supply Voltage Rated Performance +15V . . 
Operating +10V to t18V . +10V to +22V 
Supply Current Quiescent +6mA max (+4mA typ] bs as 
Power Supply Variation 
Multiplier Accuracy £0.05%/% ig i 
Output Offset +2.5mV/% ‘ : 
Scale Factor —0.03%/% ‘ 7 
Feedthrough +0.25mV/% r 
TEMPERATURE 
Operating, tested (Tq = +25°Cto Tmax) +25°C to +70°C : +25°C to +125°C 
guaranteed, not tested 
(Ta = Tmin t0+25°C) Oto +25°C ; -55°C to +25°C 
Storage -65°C to +150°C , * 
NOTES: 


’ Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 
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? Max input voltage is zero when supplies are turned off. 

3 With recommended external trim (see packaged AD532 data sheet). 
*Specifications same as AD5 32). 

**Specifications same as AD532K. 

Specifications subject to change without notice. 
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DEVICES Trimmed Precision IC Multiplier 


ADS34 CHIPS 


AD535 NOTE: APPLICATION INFORMATION 

The AD534 is a functional equivalent to the AD535 divider. Since AD534 chips are functionally identical to packaged AD5 34 
the AD535 is not available in chip form, AD534 chips are recom- and AD535 devices. For general application information, 
mended for divider as well as multiplier applications; see the AD5 35 see the AD534 and AD535 packaged product catalog data 


ackaged product data sheet for application recommendations. ; oP is ae 
saci ae sheets and the Analog Devices “Multiplier Application 


PRODUCT DESCRIPTION Guide.” 
The AD534 is a precision laser-trimmed four-quadrant multi- 


plier/two-quadrant divider that requires no external compo- The following additional application information applies to 


; ; AD534 chips: 
nents to achieve accuracies usually found in expensive as- 
semblies. As a hybrid building-block, AD534 chips can 1. No particular wire-bonding sequence must be followed. 
guarantee etTOrs.ds small as +0.50%, Differential inputs, 2. For assembly information, see the Bipolar Integrated Cir- 
internal calibrated reference, output amplifier and a versa- cuit Chips General Information Section. 


tile configuration are all features of the AD534,. AD534 
chips are available in two grades specified for operation 

between 0 and +70°C and one grade specified for -55°C 
to +125°C. 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD534 chip must be 
connected to -Vs, device pad number 5. 


4, Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metaliza- 
tion photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-100 10 PIN METAL PACKAGE. 
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SPECIFICATIONS (typical at +25°C, with tVs = 15V, Ru > 2k, unless otherwise stated) 


PARAMETER CONDITIONS AD534J AD534K AD534S 
MULTIPLIER PERFORMANCE (X, - XY, - ¥p) ‘ 3 
Transfer Function ST age ee 
"Total Error? -10V<X, Y<+10V £1,0% max 40.5% ; 
- . neat. £1.5% £1.0% +2.0% max 
: cae uae Eee ae a2.0% 
vs. Temperature Ta = +25°C to Tmax +0.022%/°C +0.015%/°C +0.02%/°C max 
Ta = Tmin to +25°C +0.022%/°C +0.015%/°C +0.02%/°C 
Scale Factor Error SF = 10.00 nominal? 0.25% 10.1% . 
Temperature-Coefficient of 
Scaling-Voltage Ta = min to max +0.02%/°C £0.01%/°C bs 
Supply Related Error Vo =(15V) £1V +0.01% ° : 
Nonlinearity, X X = 20V pk-pk 
Y=+10V 40.4% +0.2% (0.3% max) . 
Nonlinearity, Y Y = 20V pk-pk 
X=tl0V +0.01% +0.01%(4+0.1% max) * 
Feedthrough* , X Y nulled 
X = 20V pk-pk S5OHz +0.3% £0.15% (0.3% max) = * 
Feedthrough‘ , Y X nulled 
Y = 20V pk-pk 50Hz 40.01% +0.01% (40.1% max) °* 
Output Offset Ta = +25°C to Trin +5mV (£30mV max) +2mV (£15mV max) * 
Voltage Drift 200uV/°C 100uV/°C 500uV/°C max 
Ta = Tmin to #25°C t5mV +2mV . 
200uV/°C 100nV/°C 500uV/°C 
DYNAMICS 
Small-Signal BW Vout = 0.1V rms I1MHz : ° 
1% Amplitude Error C..oab = 1000pF SOkHz bg : 
Slew Rate Vout 20V pk-pk 20V/us . ° 
Settling Time to 1% AVout = 20V 2us . Gy 
NOISE 
Noise Spectral-Density SF = 10 0.8uVA/ Hz 7 . 
SF = 3 (Note 5) 0.4uVA/Hz * . 
Wideband Noise f = 10Hz to SMHz ImV rms ° ‘ 
f = 10Hz to 10kHz 90uV rms . : 
f = 10Hz to 10kHz, 
= 6 Vv s e 
OUTPUT 
Ourput Voltage Swing Ta = min to max +11V min ° qi 
Output Impedance Unity-Gain, f < 1kHz 0.12 z ‘ 
Amplifier Open-Loop Gain f = 50Hz 70dB . * 
Maximum Output Current Ry_= 0, Ta = min to max 30mA ‘ : 
INPUT AMPLIFIERS (X, Y and Z)® 
Signal Voltage Range Rated Accuracy 
(Diff. or CMR) +10V © . 
Operating (Diff.) +12V is . 
Offset Voltage, X, Y +5mvV (£20mV max) +2mV (*10mV max) = * 
Drift Ta = Tmin t0 Tmax 100nV/°C SOnV/°C ‘ 
Offset Voltage, Z ‘ +5mV (£30mV max) t2mV (£15mV max) * 
Drift Ta = +25 C to Tmax 200unV/°C 100uV/°C 500uV/°C max 
_ +5mV +2mV . 
Ta = Tmin to +25°C © 200nV/°C 100uV/°C 500uV/°C 
CMRR (X, Y, Z) 50Hz, 20V pk-pk 80dB (60dB min) 90dB (70dB min) . 
Bias Current Diff. Input = 0 0.8uA (2uA max) : * 
Offset Current Diff. Input = 0 O.1uA - . 
Differential Resistance 10M2Q : . 


DIVIDER PERFORMANCE 


(Zp - 21) 


Transfer Function X,; >X2 10 v1 . . 
(X, - X2) 
Total Error” X= 10V 
-10V&Z<+10V 40.75% 40.35% : 
X=1V 
-IVSZE+1V £2.0% +1.0% * 
O1VSEXS10V 
-10V ©£Z<+10V 42.5% £1.0% be 
SQUARER PERFORMANCE 2 
7 . (X,-X2)° ... < 
Transfer Function io +Z2 : 
Total Error? -10V&X<+10V +0.6% +0.3% * 
SQUARE-ROOTER PERFORMANCE 
Transfer Function Z; &2Z2 V10(Z2 -Z;) + X2 : * 
Total Error’ 1V<Z<10V +1.0% +0.5% . 
POWER SUPPLY SPECIFICATIONS 
Supply Voltage Rated Performance t15V . od 
Operating +8V to +18V : +8V to £22V 
Supply Current Quiescent 4mA (6mA max) ig * : 
“TEMPERATURE a : : : 
Operating, tested (Ta = +25°C to Tmax) +25 Cto+70 C +25 C to +125 C 
guaranteed, not tested (Ta = Tmin to +25 C) Oto+25C | ° “55°C to 425°C 
Storage -65 Cto+l50C . . : 
ABSOLUTE MAXIMUM RATINGS ‘ 
Internal Power Dissipation 500mW 4 . 
Supply Voltage +15V * +22V 
Output Short-Circuit to Ground Indefinite zs m 
Input Voltages, X;,X2,¥1, ¥2,Z1,Z2 tVs ° ° 


NOTES: 
*Same as AD5 34) specs. 


‘Electrical tests are performed at wafer probe, before the 
wafer is separated into individual dice. Maintaining chip 
performance to specification requires great care in handling 


and assembly. 


* Figures given are percent of full-scale, t10V (i.e., 0.01% = lmV). 
* May be reduced to 3V using external resistor between -Vs 


and SF, 


¢ 


“irreducible component due to nonlinearity: 
excludes effect of offsets. 

5 Using external resistor adjusted to give SF = 3. 

* See Functional Block Diagram, Figure 1 of packaged 
ADS534 data sheet for definition of sections. 

‘with external Z-offset adjustment, Z < +X. 


Specifications subject to change without notice. 
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ANALOG 
DEVICES 


IC True rms-to-dc Converter 


PRODUCT DESCRIPTION 

The AD536A is a complete true rms-to-dc converter. As a 
single-chip IC, it is ideally suited to hybrid circuits as it re- 
quires only one external capacitor for operation. Features 
include factory calibration by laser trimming, dB output 
with 60dB range, low power (1mA) single or dual supply 
operation, wide bandwidth and 1% errors at crest factors 
of 7. One grade of the AD536A chip is specified for operation 
between 0 and +70°C, one grade for -55°C to +125°C. 
APPLICATION INFORMATION 

The AD536A chips are functionally identical to packaged 
AD536A devices. For general application information, see 
the AD536A packaged product catalog data sheet. 


ADS36A CHIPS 


The following additional application information applies 

to AD536A chips: 

1. No particular wire-bonding sequence must be followed. 

2. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. | 


3, For performance to device specifications, the metal sub- 
strate pad or header beneath the AD536A chip must be 
connected to -Vs, device pad number 3. 

4, Pads 1A and 1B must both be connected to Vjn. 

5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 


+Vo5 
14. NOTE: THERE ARE NO PAD 10 


9 
NUMBERS 11, 12, 13. . 
in teennaceuna: Sl 


COM Ri 


8 lout 


7 BUF IN 


3 4 5 6 
-Vs Cay dB BUF OUT 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE T0-116 14 PIN CERAMIC DIP PACKAGE. 


NOTE: 


*BOTH PADS SHOWN MUST BE CONNECTED TO Vin. 
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SPECIFICATIONS - (typical @ +25°C and +15V. i unless otherwise noted) 


MODEL ADS36AJ 


AD536AS 


Vout = V avg. (Vin)? 


TRANSFER EQUATION 


e 


CONVERSION ACCURACY 
Total Error, Internal Trim? (Fig. 1)t t5mV +t0.5% of Reading, max 
vs. Temperature, Ta = +25 C to +70°C +(0.1mV +0.01% Reading)/*° C, max 
Ta =+70°Cto+125°C = — 
_ Ta = Tmin to +25°C +(0.1mV +0.01% Reading)/°C, 
vs. Supply Voltage +(0.1mV 40.01% Reading)/V 
de Reversal Error £0.05% of Reading 
Total Error, External Trim? (Fig. 2)+ t3mV 10.3% of Reading 


+(0.1mV +0.005% Reading)/°C, max 
+(0.3mV +0.005% Reading)/C, max 
+(0.1mV £0.005% Reading)/°C 


ERROR vs CREST FACTOR? 
Crest Factor 1 to 2 
Crest Factor = 3 
Crest Factor = 7 


FREQUENCY RESPONSE* 
Bandwidth for 1% additional error (0.1dB) 


Specified Accuracy 
-0.1% of Reading 
-1% of Reading 


10mV < Vin <100mV 6kHz 

100mMV<Vin <1V 40kHz 

1V<Vin <7V 100kHz 
+3dB Bandwidth 

10mV< Vin €100mV 50kHz 

100mMV< Vin €1V 300kHz 

1V<Vin<7V 2MHz 


AVERAGING TIME CONSTANT (Fig. 5) 25ms/uk Cay 


INPUT CHARACTERISTICS 
Signal Range, +15V Supply +20V Peak \ : 
Signal Range, +5V Supply (Fig. 17)t +5V Peak 7 
Safe Input, All Supply Voltages +25V max . 
Input Resistance 16.7k2 +25% 7 
Input Offset Voltage +2mV max i 
OUTPUT CHARACTERISTICS 
Offset Voltage +2mV max ‘ 
vs. Temperature, Ta = +25°C to Tmax +0.1mV/°C +0.2mV/°C, max 
Ta = Tmin to +25 C +0.1ImV/°C +0.2mV/°C 
vs. Supply Voltage +0.1mV/V +0.2mV/V max 
Voltage Swing, +15V Supplies 0 to +10V min ° 
+5V Supply 0 to +2V min 7 
Output Current (+5mA, -130uA) min , 
Short Circuit Current +20mA : 
Resistance 0.52 max e 
dB OUTPUT (Fig. 13)t 
Error, Vin 7mV to 7V rms, OdB= 1V rms +0.5dB 
Scale Factor -3mV/dB e 
Scale Factor TC (Uncompensated, see Fig. 13+ -0.3% Reading/°C (-0.03dB/°C) : 
for Temperature Compensation) 
IREF for OdB = 1V rms 20uA (5UA min, 80NA max) i 
IREF Range 1uA to 100UA % 
lout TERMINAL 
lout Scale Factor 40uA/Volt rms . 
Iout Scale Factor Tolerance +25% ‘ 
Output Resistance 10°02. 4 
Voltage Compliance -Vs to (+Vg -2.5V) 
BUFFER AMPLIFIER : 
Input and Output Voltage Range -Vs to (+Vg -2.5V)min . 
Input Offset Voltage, Rg = 25k +4mV max - 
Input Current 100nA typ, 300nA max i 
Input Resistance 10°2 . 
Output Current (S5mA, -130uA) min . 
Short Circuit Current +20mA i 
Small Signal Bandwidth IMHz . 
e 


Slew Rate 5V/us 


POWER SUPPLY 
Voltage, Rated Performance 
Dual Supply 
Single Supply 
Quiescent Current 
Total Vs, 5V to 36V, Tmin tO Tr 


+3.0V to +18V 
+5V to +36V 


2mA max (1mA typ) 


TEMPERATURE RANGE 
Operating 
Tested (Ta = +25 °Cto Tmax) 
Guaranteed, Not Tested 
(Ta = Tmin to +25°C) 


+25°C to +70°C 


0 to +25°C 
-55°C to +150°C 


+25°C to +125°C 


-55°C to +25°C 
s 


’ Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. , 

? Accuracy is specified for 0 to 7V rms, de or 1kHz sinewave input with the 
AD536A connected as in Figure 1. 

® Error vs. crest factor is specified for 1V rms rectangular pulse input, pulse 
width - 200us. 
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“Input voltages are expressed in volts rms. 

5 With 2K external puildown resistor. 

tFigure references refer to figures on AD536A packaged product catalog 
data sheet in Section 7. 


*Specifications same as ADS36AJ. 
Specifications subject to change without notice. 


ANALOG 
DEVICES 


| Low Cost 
IC V-to-F Converter 


PRODUCT DESCRIPTION 

The AD537 is a V to F converter consisting of an input ampli- 
fier, precision oscillator, accurate voltage reference and a high 
current output stage. Only a single external RC network is 
required to set up any full scale frequency up to 100kHz and 
any full scale input voltage up to +30V. AD537 chips feature 

a precision reference output, low quiescent current (1.2mA), 
high linearity and excellent stability. The device operates from 
single or dual supplies from 4.5 to 36 volts. The AD537 chip is 
specified for 0 to +70°C operation. 


APPLICATION INFORMATION 

AD537 chips are functionally identical to dual-in-line packaged 
AD537 devices. For general application information, see the 
AD537 packaged product catalog data sheet. 


AD537 CHIPS 


The following additional application information applies to 
AD537 chips: 


1. No particular wire-bonding sequence must be followed. 


2. For assembly information, see the Bipolar Integrated Cir- 
cuit.Chips General Information Section. 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD537 chip must be 
connected to -Vs, device pad number 8. 


4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 


+Vin -VIN 
6 5 4 


IN SYNC 
3 2 


9 10 11 12 13 
NULL CAP 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 14 PIN CERAMIC PACKAGE. 
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oa 


SPECIFICATIONS (typical @ +25°C with Vs (total) = 5 to 36V, unless otherwise noted) 


MODEL AD537J 


ANALOG INPUT AMPLIFIER 
(Voltage-to-Current Converter) 
Voltage Input Range 


Single Supply 0 to (+Vg - 4) Volts (min) 
Dual Supply -Vg to (+Vg - 4) Volts (min) 
Input Bias Current 
(Either Input) 100nA 
Input Resistance (Non-Inverting) 250M22 
Input Offset Voltage 
(Trimmable to Zero) 5mV max 
vs. Supply 100uV/V max 
vs. Temp, Ta = Tmnip t0 Tmax 5uvi°C 
Safe Input Voltage tVo5 
CURRENT-TO-FREQUENCY CONVERTER 
Frequency Range 0 to 150kHz 
Nonlinearity* 
fax = 10kHz 0.1% 
fmax = 100kHz 0.15% 
Full Scale Calibration Error 
C= 0.0100yuF, Iyy = 1.000mA +7% max 
vs. Supply, (fmax < 100kHz) +0.1%/V max (0.01% typ) 
vs. Temp, Ta = Tmin tO Tmax 50ppm typ 


REFERENCE OUTPUTS 
Voltage Reference 


Absolute Value 1.00 Volt +5% max 
vs. Temp, Ta = Tmin tO Tmax 50ppm/°C 
vs. Supply +0.03%/V max 
Output Resistance* 38022 

Absolute Temperature Reference 
Nominal Output Level 1.00mV/°K 
Initial Calibration @ +25°C 298mV t5mV typ 
Slope Error from 1.00mV/°K +0.02mV/°K 
Slope Nonlinearity +0.1°K 
Output Resistance* 900Q 


OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 
Output Sink Current in Logic ‘‘0” 


(Vout = 0.4V max, Tmin tO Tmax) = 20mA min 
Output Leakage Current in Logic “1” 
(Tmin tO Tmax) 200nA max 
Logic Common Level Range -Vs to (+Vg - 4) Volts 
Rise/Fall Times (Cy = 0.01uF) 
In = ImA 0.2us 
In = WA lus 


POWER SUPPLY 
Voltage, Rated Performance 


Single Supply | 4.5 to 36V 
Dual Supply +5 to 118V 
Quiescent Current 1.2mA 
TEMPERATURE RANGE 
Operating 
Tested (Ta = +25°C to Tmax) +25°C to +70°C 
Guaranteed, Not Tested 
(Ta = Tmin to +25°C) 0 to +25°C 
Storage -65°C to +150°C 
NOTES: 


1 Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 

2 Maximum voltage input level is equal to the supply on either input terminal. 
However, large negative voltage levels can be sensed at the negative terminal 
if the input is scaled to a nominal 1mA full scale through an appropriate 
value resistor. 

3 Nonlinearity is specified for a current input level (Ij) to the converter from 
0.1 to 1000uA. Converter has 100% overrange capability up to IIN = 2000HA 
with slightly reduced linearity. Nonlinearity is defined as deviation from a 
straight line from zero to full scale, expressed as a percentage of full scale. 

“ Loading the 1.0 volt or ImV/* K outputs can cause a significant change in 
overall circuit performance, as indicated in the applications section of the 
packaged AD 537 catalog data sheet. To maintain normal operation, 
these outputs should be operated into the internal buffer or an 
external amplifier. 


Specifications subject to change without notice. 
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ANALOG | High Accuracy 
DEVICES Low Cost FET-Input Op Amp 
AD540 CHIPS 


PRODUCT DESCRIPTION The following additional application information applies to 
The AD540 is a low cost, high accuracy FET input operational AD540 chips: 
amplifier. The low maximum bias current of 25pA (K-grade) 1. No particular wire-bonding sequence must be followed. 


is specified warmed up. The device is latch-up proof and short 
circuit protected. It is internally compensated for gains of one 
or greater. Two grades of AD540 chips are specified for opera- 
tion over the 0 to +70°C temperature range and one grade is 3. For performance to device specifications, the metal sub- 
specified for operation between -55°C and +125°C. strate pad or header beneath the AD540 chip must be 


APPLICATION INFORMATION connected to -Vs, device pad number 4. 


2. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. 


AD540 chips are functionally identical to packaged AD540 4. Do not connect to any bonding pads or metalization oe 
devices, For general application information, see the AD540 indicated as a functional bonding pad on the metalization 
packaged product catalog data sheet. photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm), 


0.088 
( 2.235 ) 
za NOTE: THERE IS NO PAD NO. 8. 
7 +Vs 
6 OUTPUT 


3 
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PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99 8 PIN METAL PACKAGE. 
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SPECIFICATIONS (typical @ +25°C and Vs = +15V de unless otherwise specified) 


MODEL | AD540J AD540K AD540S 
OPEN LOOP GAIN? 

Vout = 10V, Ry 22k . 20,000 min 50,000 ad 

Ta = +25°C to Tmax 15,000 min 25,000 min * 

Tmin to +25°C 15,000 25,000 * 
OUTPUT CHARACTERISTICS 

Voltage @ Rp, = 2k, TA = min to max +10V min (+13V typ) . : 

Voltage @ Ry, = 10kQ, Ta = min to max +12V min (+14V typ) . : 

Short Circuit Current 25mA * . 
FREQUENCY RESPONSE 

Unity Gain, Small Signal 1.0MHz * . 

Full Power Response 100kHz : : 

Slew Rate, Unity Gain 6.0V/us . : 
INPUT OFFSET VOLTAGE? 50mV max 20mV max ae 

vs. Temp, Ta = +25°C to Tmax 75uV/°C max 25uV/°C max 50uV/°C max 

Ta = Tmin to +25°C 75uVI°C 25uV/°C  50uV/°C 
vs. Supply, Ta = +25 C to Tmax 400uUV/V max 300UV/V max = 
Ta = Tmax to +25 °C 400uV/V 300LV/V i 

INPUT BIAS CURRENT 

Either Input* SOpA max 25pA max bid 
INPUT IMPEDANCE | 

Differential 10'°Q\|2pF ‘ * 

Common Mode 10'' Q\|2pF ‘ r 
INPUT VOLTAGE RANGE 

Differential® +20V * bs 

Common Mode +10V min (412V typ) r : 

Common Mode Rejection, Vin = +10V 70dB min * . 
POWER SUPPLY 

Rated Performance +15V : . 

Operating +(5 to 18)V : ’ 

Quiescent Current 7mA max (3mA typ) - ss 
TEMPERATURE RANGE 

Operating 

Tested (Ta = +25°C to Tmax) +25°C to +70°C . +25°C to +125°C 
Guaranteed, Not Tested . 
(Ta = Tmin to +25°C) 0 to +25°C . -55°C to +25°C 

Storage -65°C to +150°C ' . 
NOTES: 
‘Electrical tests are performed at wafer probe, before the wafer is * Defined as voltage between inputs, such that neither exceeds +10V 

separated into individual dice. Maintaining chip performance to from ground. 
specification requires great care in handling and assembly. *Specifications same as AD540J 

? Open Loop Gain is specified with Vos both nulled and unnulled. **Specifications same as AD540K. 


7 Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at Ta = +25°C, 

‘ Bias Current specifications are guaranteed after 5 minutes of opera- 
tion at TA = +25°C, For higher temperatures, the current doubles 
every 10 C, 


Specifications subject to change without notice. 
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ANALOG Precision 
DEVICES Low Cost BIFET Op Amp 


AD542 CHIPS 


PRODUCT DESCRIPTION The following additional application information applies to 
The AD542 is a precision FET-input operational amplifier fab- | AD542 chips: 

ricated with the most advanced BIFET and laser-trimming 
technologies. Bias currents as low as 25pA max, warmed-up, 


1. No particular wire-bonding sequence must be followed. 


and offset voltages as low as 1.0mV max and offset voltage 2. For assembly information, see the Bipolar Integrated Cir- 
drifts as low as 10uV/°C max make the AD542 ideal for cuit Chips General Information Section. 
precision instrumentation applications. This precision is 3. For performance to device specifications, the metal sub- 


gained without sacrificing the low cost, high-speed features strate pad or header beneath the AD542 chip must be 
of other BIFET amplifiers. Two grades of AD542 chips are connected to -Vs, device pad numbers 4A and 4B. 


specified for operation between 0 and +70°C and one grade 


is specified for the -55°C to +125°C temperature range. 4. Pads 4A and 4B must both be connected to -Vs. 


APPLICATION INFORMATION 5. Do not connect to any bonding pads or metalization 
AD542 chips are functionally identical to packaged AD542 not indicated as a functional bonding pad on the 
devices. For general application information, see the AD542 metalization photograph. 


packaged product catalog data sheet. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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SPECIFICATIONS (typical @ +25°C and Vs = +15V dc unless otherwise specified) 


AD542K 


MODEL AD542) AD542S 
OPEN LOOP GAIN? 
~ Vour = $10V, Ry > 2kQ 100,000 min 300,000 min ** 
Ta = +25°C to Tmax 100,000 min 300,000 min es 
Ta = Tmin to +25 C 100,000 300,000 ** 
OUTPUT CHARACTERISTICS 
Voltage @ Ry = 2kQ,Ta=T i to Ta, 10 min (+12V typ) ‘ * 
Voltage @. Ry = 10kKQ,Ta=Tmin to Tmax +12V min (£13V typ) * . 
Short Circuit Current 25mA * . 
FREQUENCY RESPONSE 
Unity Gain, Small Signal 1.0MHz 7 , 
Full Power Response 5O0kHz s - 
Slew Rate, Unity Gain 3.0V/us * ° 
INPUT OFFSET VOLTAGE®* 2.0mV max 1.0mV max + 
vs. Temp, Ta = +25°Cto Trax 20uV/°C max 10uV/°C max 15uV/°C max 
Ta = Tmin to +25 C 20uV/°C 10uVv/°C 15uv/°C 
vs. Supply, Ta = +25 C to Trax 200“UV/V max 100uV/V max bal 
Ta = Tmin to +25 C 200uV/V 100uV/V = 
INPUT BIAS CURRENT 
Either Input* S5OpA max 25pA max a 
Input Offset Current SpA 2pA oi 
INPUT IMPEDANCE 
Differential 10! °Q\|2pF . ms 
Common Mode 10''Q||2pF : 4 
INPUT VOLTAGE RANGE 
Differential® +20V * 
Common Mode +10V min (+12V typ) i 
Common Mode Rejection, V;, = +10V 76dB min 80dB min bia 
POWER SUPPLY 
Rated Performance +15V . : 
Operating +(5 to 18)V : 
Quiescent Current 1.5mA max ss si 
VOLTAGE NOISE 
0.1-10Hz 2uV p-p ‘ = 
10Hz 70nV/V/ Hz 3 * 
100Hz 45nV/Hz. ‘ : 
1kHz 30nV/\/Hz ‘ * 
10kHz 25nV/V/Hz - ss 
TEMPERATURE RANGE 
Operating 


Tested (Ta = +25°C to Tmax) 
Guaranteed, Not Tested 
(Ta = Tmin to +25°C) 


+25°C to +70°C 


0 to +25°C 


-65°C to +150°C 


+25°C to +125°C 


-55°C to +25°C 


* 


* Defined as voltage between inputs, such that neither exceeds 
+10V from ground. 


1 Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

2 Open Loop Gain is specified with Vog both nulled and unnulled. ° 

3 Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at Ta = +25°C. 

“Bias Current specifications are guaranteed maximum at either 
input after 5 minutes of operation at Ta = +25°C. For higher 
temperatures, the current doubles every 10°C. 


*Specifications same as AD542]J. 
**Specifications same as AD542K. 
Specifications subject to change without notice. 
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eat ees Precision 
DEVICES | High Speed BIFET Op Amp 


AD344 CHIPS | — 


PRODUCT DESCRIPTION The following additional application information applies to 
The AD544 is a precision, high speed, FET-input operational AD544 chips: : 

amplifier fabricated with the most advanced BIFET and 
laser-trimming technologies. Bias currents as low as 25pA max, 


1. No particular wire-bonding sequence must be followed. 


warmed-up, offset voltages as low as 1.0mV max and offset 2. For assembly information, Bee the Bipolar Integrated Cir- 
voltage drifts as low as 10uV/°C max and fast settling time cuit Chips General Information Section. 

of 3us to 0.01% make the AD544 ideal for use as a precision 3. For performance to device specifications, the metal sub- 
output amplifier for digital to analog converters. Two grades - strate pad or header beneath the AD544 chip must be 

of AD544 chips are specified for operation between 0 and connected to -Vg, device pad numbers 4A and 4B. 


+70°C and one grade is specified for the -55°C to +125°C 
temperature range. 


APPLICATION INFORMATION 

AD544 chips are functionally identical to packaged AD544 
devices. For general application information, see the AD544 
packaged product catalog data sheet. 


4. Pads 4A and 4B must both be connected to -Vs. 


5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm), 
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SP ECIFICATIONS (typical @ +25°C and Vs = +15V dc unless otherwise specified) 


MODEL AD544J AD544K AD544S 
OPEN LOOP GAIN? 

Vout = £10V,. RL > 2kQ 30,000 min 50,000 min ** 

Ta = +25°C to Trax 20,000 min 40,000 min +e 

Ta = Tmin to +25 C 20,000 40,000 * 
OUTPUT CHARACTERISTICS 

Voltage @ Ry = 2kQ, Ta =T sto Tmax +10V min (+12V typ) . 

Voltage @ Ry, = 10k2,Ta= Tmin tO Tmax  £12V min.(+13V typ) * 

Short Circuit Current 25mA * 
FREQUENCY RESPONSE 

Unity Gain, Small Signal 2.0MHz : 

Full Power Response 200kHz ‘ , 

Slew Rate, Unity Gain 13.0V/us . | ? 
INPUT OFFSET VOLTAGE? 2.0mV max 1.0mV max ed 

vs. Temp, Ta = +25°C to Tmax 20uV/°C max 10uV/°C max 15uV/°C max 

Ta = Tmin to +25 C 20uV/°C 10uV/°C 15uV/°C 
vs. Supply, Ta = +25 C to Trax 200uV/V max 100uV/V max afi 
Ta = Tmin to +25°C 200UV/V 100uV/V ** 

INPUT BIAS CURRENT 

Either Input* SOpA max 25pA max ba 

Input Offset Current SpA 2pA hi 
INPUT IMPEDANCE 

Differential 10! °Q2pF ? * 

Common Mode 10! 'Q|2pF * . 
INPUT VOLTAGE RANGE 

Differential® +20V : ‘ 

Common Mode +10V min (412V typ) + * 

Common Mode Rejection, V;, = +10V 74dB min 80dB min = 
POWER SUPPLY 

Rated Performance t15V . 

Operating +(5 to 18)V * * 

Quiescent Current 2.5mA max (1.8mA typ) * * 
VOLTAGE NOISE . 

0.1-10Hz 2uV p-p * * 

10Hz 35nVA/Hz * * 

100Hz 22nV// Hz - * 

1kHz 18nV/A/Hz ‘ . 

10kHz 16nV//Hz : 
TEMPERATURE RANGE 

Operating 7 

Tested (Ta = +25°C to Tmax) +25°C to +70°C : +25°C to +125°C 
Guaranteed, Not Tested 
(Ta = Tmin to. +25°C) 0 to +25°C -55°C to +25°C 

Storage -65°C to +150°C : * 

NOTES: 


‘Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

2 Open Loop Gain is specified with Vog both nulled and unnulled. 

> Input Offset Voltage specifications are guaranteed after 5 minutes 


of operation at Ta = +25°C. 


‘Bias Current specifications are guaranteed maximum at either 
input after 5 minutes of operation at Ta = +25°C. For higher 


temperatures, the current doubles every 10°C. 


5 Defined as voltage between inputs, such that neither exceeds 


+10V from ground. 


“Specifications same as AD544J. 
**Specifications same as AD544K. 


Specifications subject to change without notice. 
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ANALOG 
DEVICES 


Ultra Low Drift 
BIFET Operational Amplifier 


ADS47 CHIPS 


PRODUCT DESCRIPTION 

The AD547 is a monolithic, FET input operational amplifier 
combining the very low input bias current advantages of a 
BIFET op amp with offset and drift performance previous- 

ly available only ‘in high quality bipolar amplifiers. 


The exclusive Analog Devices laser wafer trim process trims 

both the input offset voltage and offset voltage drift to levels 

far lower than any competing BIFET amplifier (ImV, 5uV/ 
C). 

In addition to superior low drift performance, the AD547 

offers the lowest guaranteed input bias currents of any BIFET 

amplifier (SOpA max warmed-up). 

APPLICATION INFORMATION 

AD547 chips are functionally identical to packaged AD547 

devices, For general application information, see the AD547 

packaged product catalog data sheet. 


The following additional application information applies to 
AD547 chips: 


1. No particular wire-bonding sequence must be followed. 


2. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD547 chip must be 
connected to -Vs, device pad numbers 4A and 4B. 


4, Pads 4A and 4B must both be connected to -Vs. 


5. Do not connect to any bonding pads or metalization 
not indicated as a functional bonding pad on the 
metalization photograph, 


METALIZATION PHOTOGRAPH 
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SPECIFICATIONS (typical @ +25°C and Vs = +15V dc unless otherwise specified) 


MODEL 


OPEN LOOP GAIN? 
Vout = t10V, Ry 2 2kQ22 
Ta = +25°C to Tmax 
Ta = Tmin to +25°C —. 


OUTPUT CHARACTERISTICS 
Voltage @ Ry = 2kQ22, Ta = min to max 
Voltage @ Ry = 10kQ, Ta = min to max 
Short Circuit Current 


FREQUENCY RESPONSE. 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 


INPUT OFFSET VOLTAGE? 
vs. Temperature, Ta = +25°C to Tmax 
| Ta = Tmin to +25°C 
vs. Supply, Ta = +25°C to Tmax 
Ta = Tmin to +25°C 


AD547J 


100,000 min 
100,000 min 
100,000 


+10V min (+12V typ) 
+12V min (+13V typ) 
25mA 


1.0MHz 
50kHz 
3.0V/us . 


1,.0mV max 
5uV/°C max 
5uVPC 
200”uUV/V max 
200uV/V 


INPUT BIAS CURRENT 
Either Input* 
Input Offset Current 


10pA (SOpA max) 
5p 


INPUT IMPEDANCE 
Differential 
Common Mode 


10!2Q\|6pF 
10!2.Q\|6pF 


INPUT VOLTAGE RANGE 
Differential> 
Common Mode 
Common Mode Rejection, V;,=+10V 


+20V 
+10V min (£12V typ) 
76dB min 


POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 


+15V 
+(5 to 18)V 
1.5mA max (1.1mA typ) 


VOLTAGE NOISE 
0.1-10Hz 
10Hz 
100Hz 
1kHz 
10kHz 


2uV p-p typ 
70nV/\/Hz 
45nV/Hz 
30nV/A/Hz 
25nVA/Hz 


TEMPERATURE RANGE 
Tested (Ta = +25°C to Tmax) 
Guaranteed, Not Tested 

(Ta = Tmin to +25°C) 
Storage 


+25°C to +70°C 


0 to +25°C 
-65°C to +150°C 


NOTES: 


Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice, Maintaining chip performance to 
specification requires great care in handling and assembly, 

2Open Loop Gain is specified with Vog both nulled and unnulled. 

7 Input Offset Voltage specifications are guaranteed after 5 minutes 


of operation at Ta = +25°C. 


* Bias Current specifications are guaranteed maximum at either 
input after 5 minutes of operation at Ta = +25°C. For higher 


temperatures, the current doubles every 10°C. 


* Defined as the maximum safe voltage between inputs, such that 


neither exceeds +10V from around, 
Specifications subject to change without notice. 


VOL. |, 17-26 MONOLITHIC CHIPS 


. 


ANALOG DACPORT™ Low Cost 
DEVICES Complete ,.P-Compatible 8-Bit DAC 


AD558 CHIPS 


PRODUCT DESCRIPTION The AD558J is specified for use over the 0 to +70°C tempera- 
The AD558 DACPORT is a complete voltage-output 8-bit ture range and the AD558T is specified for the -55°C to 
digital-to-analog converter, including output amplifier, full +125°C range. 

microprocessor interface and precision voltage reference on a APPLICATION INFORMATION 


single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 


AD558 chips are functionally identical to packaged AD558 
devices. For general application information, see the AD558 
packaged product catalog data sheet. 


The performance and versatility of the DACPORT isaresultof py, following additional application information applies to 


several recently-developed monolithic bipolar technologies. AD558 chips: 

The complete microprocessor interface and control logic is 

implemented with integrated injection logic (IL), an extreme- 1, No particular wire-bonding sequence must be followed. 
ly dense and low-power logic structure that is process-compat- 2. For assembly information, see the Bipolar Integrated Cir- 
ible with linear bipolar fabrication. The internal precision cuit Chips General Information Section. 


voltage reference is the patented low-voltage band-gap circuit 
which permits full-accuracy performance on a single +5V to 
+15V power supply. Thin-film silicon-chromium resistors 
provide the stability required for guaranteed monotonic 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD558 chip must be 
connected to analog ground, device pad number 13. 


operation over the entire operating temperature range, 4. Do not connect to any bonding pads or metalization not 
while recent advances in laser-wafer-trimming of these thin- indicated as a functional bonding pad on the metalization 
film resistors permit absolute calibration at the factory to photograph. 


within +1LSB; thus no user-trims for gain or offset are re- 
quired. A new circuit design provides voltage settling to 
+1/2LSB for a full-scale step in 800ns. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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SPECIFICATIONS (typical @ +25°C, Voc = +5V to +15V unless otherwise specified) 


MODEL AD558J AD558T 
RESOLUTION | 8 Bits 
RELATIVE ACCURACY? 
Ta = Tmin tO Trax +1/2LSB max +3/8LSB max 
OUTPUT | 
Ranges OV to +2.56V ii 
OV to +10V 3 $ 
Current, Source +5mA +5mA min 
Sink Internal Passive : 
Pull-Down to Ground* 
OUTPUT SETTLING TIME® 
0 to 2.56 volt range 0.8us » 2 
0 to 10 volt range? 2.Ous 34 
FULL SCALE ACCURACY 
@ 25°C +1.5LSB (+0.6%) max ‘ 
Ta = +25°C to Tmax +2,5LSB (+1.0%) max * 
Ta =Tmin to +25°C +2,5LSB (+1.0%) ‘ 
ZERO ERROR 
@ 25°C +1LSB max : 
Ta = +25°C to Tmax +2LSB max 2 
Ta = Tmin to +25°C +2LSB * 
MONOTONICITY® Guaranteed, Ta = +25°C to Tmax 
Typical, Ta = Tmin to +25°C 
DIGITAL INPUTS 
Tmin 0 Tmax 
Input Current +100uUA max : 
Data Inputs, Voltage 
Bit On — Logic “1” 2.0V min . 
Bit Off — Logic ‘‘0”’ 0.8V max 
Control Inputs, Voltage 
On — Logic ‘‘1”’ 2.0V min , 
Off — Logic ‘‘0” 0.8V max : 
Input Capacitance 4pF . 
TIMING 
Tmin tO Tmax 
tw (Strobe Pulse Width) 100ns min * 
tpy (Data Hold Time) 10ns max m 
tps (Data Set-Up Time) 100ns min . 
POWER SUPPLY 
Operating Voltage Range (Vcc) 
2.56 Volt Range +4.5V to +16.5V - 
10 Volt Range +11.4V to +16.5V 
Current (Icc) _15mA typ, 25mA max . 
Rejection Ratio 0.03%/% max : 
POWER DISSIPATION, Vcc =5V 75mW (125mW max) - - 
Vcc = 15V 225mW (375mW max) . 


TEMPERATURE RANGE 
Operating 
Tested (Ta = +25°C to Tmax). 
Guaranteed, Not Tested 
(Ta = Tmin to +25°C) 
Storage 


NOTES 


+25°C to +70°C +25°C to +125°C 


0 to +25°C : -55°C to +25°C 
-65°C to +150°C * 


‘Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice, Maintaining chip performance to 
specification requires great care in handling and assembly. 

? Relative Accuracy is defined as the deviation of the code transition points from the ideal 
transfer point on a straight line from the zero to the full scale of the device. 

? Operation of the 0 to 10 volt output range requires a minimum supply voltage of +11.4 volts. 

* Passive pull-down resistance is 2kQ for 2.56 volt range, 10kQ tor 10 volt range. 

5 Settling time is specitied tor a positive-going tull-scale step to +1/2LSB. Negative-going steps to zero 
are slower, but can be improved with an external pull-down. ; 

° A monotonic converter has a maximum differential linearity error of +1LSB. 

*Specifications same as AD558). 


Specifications subject to change without notice. 
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ANALOG Low Cost, High Speed 10-Bit 
DEVICES D-to-A Converter with Reference 


AD561 CHIPS 


PRODUCT DESCRIPTION resistor. This enables the user to set his own output range 
The AD561 is a low-cost, high-speed complete current output without degrading the gain temperature coefficient. 
Divo Py converter 7 won Cup iouned conc ( lerence er 3. An additional output span resistor is accessible. This per- 


wafer-trimmed resistors, high-speed switches and control am- 


ss sae ; : its th he AD561 chip for +5, +10 or £20 
plifier make the AD561 chip ideal for adjustment-free 10-bit ne pone: ene on 


; Bae vt 5 It 
hybrid applications. Monotonicity to 10 bits (guaranteed ae at as ; 
+25°C to Tmax) along with a 250ns settling time are among All other general application information on the AD561 pack- 
the performance features of the AD561. One grade of the aged product catalog data sheet applies to AD561 chips. 
AD561 chip is specified for Oo: 700C operation and one is The following additional application information applies to 
specified|for -55 C to +125 C. AD561 chips: 
AP PLICATION INFORMATION 1. No particular wire-bonding sequence must be followed. 
The AD561 chip has several features not accessible to users 


of packaged AD561 devices. 2. For assembly information, see the Bipolar Integrated Cir- 


; cuit Chips General Information Section. 
1. On AD561 chips, the internal reference is not permanently 


connected. This allows the use of an external reference and 
also makes the internal reference available for external use. 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD561 chip must be 


connected to -Vs, device pad number 5. 
2. The control amplifier summing point is accessible on the 


AD561 chip, Thus the user may connect an external ref- 
erence voltage-to-current conversion resistor that may be 
specified to match an external feedback (range-setting) 


4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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SPECIFICATIONS (Ta = +25°C, Vcc = +5V, VEE = -15V, unless otherwise specified) 


AD561)J ADS561T 
MODEL MIN TYP MAX MIN TYP MAX UNITS 
RESOLUTION 
ACCURACY (Error Relative +1/4 +1/2 +1/8 41/4 LSB 
to Full Scale) * (0.025) (0.05) (0.012) (0.025) % of F.S. 
DIFFERENTIAL NONLINEARITY LSB 
DATA INPUTS 
TTL, Vcc = +5V 
Bit ON Logic “1” V 
Bit OFF Logic ‘‘0”’ Vv 
CMOS, 10V Vcc € 16.5V 
(See Figure 1) 
Bit ON Logic Ae 70% Vcc 70% Vcc Vv 
Bit OFF Logic ‘‘0” 30% Vcc Vv 
Logic Current (Each Bit) (T,,,, to T,,4x 
Bit ON Logic **1” +100 nA 
Bit OFF Logic *‘0”’. MA 
OUTPUT 
Current 
Unipolar mA 
Bipolar mA 
Resistance (Exclusive of 
Application Resistors) Q 
Unipolar Zero (All Bits OFF) % of FS. 
Capacitance pF 
Compliance Voltage Vv 
SETTLING TIME TO 1/2LSB 
All Bits ON-to-OFF or OFF-to-ON 250 250 ns 
POWER REQUIREMENTS 
Vcc: +4.5V de to +16.5V de 8 10 6 10 mA 
VER, -10.8V dc to -16.5V de 12 16 11 16 mA 
POWER SUPPLY GAIN SENSITIVITY 
Voc, +4.5V de to +16.5V de 2 10 2 10 ppm of F.S./% 
VeZ, ~10.8V de to -16.5V de 4 25 4 25 ppm of F.S./% 


TEMPERATURE RANGE 
Operating 


Tested (Ta = +25°C to Tmax) +25 to +70 +25 to +125 a 
Guaranteed, Not Tested 

(Ta = Tmin to +25°C) 0 to +25 -55 to +25 me 

Storage -65 to +150 -65 to +150 2G 


TEMPERATURE COEFFICIENTS 
With Internal Reference 


Unipolar Zero, Ta 


+25°C to Tmax 


ppm of F S.C 


Ta = Tmin to +25°C ppm of F.S./°C 
Bipolar Zero, Ta = +25°C to Tmax ppm of F.S./°C 
Ta = Tmin to +25 C ppm of F.S.°C 
Full Scale, = Ta = +25°C to Tmax ppm of F.S./°C 
Ta = Tmin to +25°C ppm of F.S./°C 
Differential Ta = +25°C to Tmax | ppm of F.S./°C 


Nonlinearity, Ta = Tmin to +25°C ppm of F.S./°C 


MONOTONICITY 


Guaranteed, Ta = +25 C to Tmax 
Typical, Ta = Tmin to +25°C 

0 to 15,0 to +10, 0 to +20 Vv 
-2.5 to +2.5, -5 to +5, -10 to +10 Vv 


Guaranteed, Ta = +25 C to Tmax 
Typical, Ta = Tmin to +25°C 

0 to +5,0 to +10, 0 to +20 

-2.5 to +2.5, -5 to +5, -10 to +10 


PROGRAMMABLE OUTPUT 
RANGES 


CALIBRATION ACCURACY 
Full Scale Error with Fixed 2592 
Resistor 
Bipolar Zero Error with Fixed 1022 
Resistor 


CALIBRATION ADJUSTMENT 
RANGE 
Full Scale (With 502 Trimmer) 
Bipolar Zero (With 502 Trimmer) 
REFERENCE 
Output Voltage, I, = 0 to lmAT 
Maximum Current Out Tf 
Temperature Coefficient 
Ta = +25°C to Tmax 
Ta = Tmin to +25°C 


2.500 2.505 


5.0 


2.500 
5.0 


2.510 


10 
10 


10 


ppm of F.S.°C 
10 / 


ppm of F.S.°C 


NOTES: 

‘Electrical tests are performed at wafer probe, before the wafer is separated 
into individual dice. Maintaining chip performance to specification requires 
great care in handling and assembly. 

+Referent current out is in addition to reference current required by D-to-A 
REF IN and BIPOLAR OFFSET. 

Specifications subject to change without notice. 
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ANALOG Complete High Speed 
DEVICES 12-Bit D/A Converter 


AD565A/AD566A CHIPS 


PRODUCT DESCRIPTION All other general application information on the AD565A or 
The AD565A/AD566A is a 12-bit digital-to-analog converter AD566A packaged product catalog data sheets applies to 
that incorporates 12 precision, high speed bipolar current AD565A/AD566A chips. 


steering switches, control amplifier, laser-trimmed thin film 


resistor network, and buried zener voltage reference to pro- The following additional application information applies to 


duce a very fast, high accuracy analog output current. The AD565A/AD566A chips: 

10-90% full scale transition time is less than 35ns, The 1. No particular wire-bonding sequence must be followed. 
bs ‘ 

AD565AJ/AD566AJ is specified for use over the Oto+70 C 2. Foy assembly information, see the Bipolar Integrated Cir- 


temperature range and the AD565AS/AD566AS is specified 


cuit Chips General Information Section. 
for the -55°C to +125°C range. 


3. For performance to device specifications, the metal sub- 
APPLICATION INFORMATION strate pad or header beneath the AD565A/AD566A chip 
The AD565A/AD566A chip has several features not acces- must be connected to -VgR, device pad number 7 


sible to users of either the AD565A or AD566A packaged coat 
4. Do not connect to any bonding pads or metalization not 


devices. 
indicated as a functional bonding pad on the metalization 
1. The AD565A chip can be wired to perform as either a photograph 
AD565A or as a AD566A at the discretion of the user. : 
5. Pads 12A, 12B, 12C must all be connected to ground, : 


2. The control amplifier summing point is accessible on 6 
AD565A/AD566A chips. Thus the user may connect an 
external reference voltage-to-current conversion resistor 

‘that may be specified to match an external feedback 
(range-setting) resistor. This enables the user to set his 
own output range without degrading the gain tempera- 
ture coefficient. 


. To reduce settling time, minimize the effects of stray ca- 
pacitance on the reference amplifier summing junction. 
Do not connect to this pad unless necessary. If needed, 
keep the lid as far from the pad as possible, Ground the 
lid or tie to a reference point if the summing junction 
is used, 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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SPECIFICATIONS (Ta = +25°C, VEE = =ISV, unless otherwise specified) 


MODEL 


DATA INPUTS? (Pads 13 to 24) 
TTL or 5 Volt CMOS 
Input Voltage 
Bit ON Logic 1" 
Bit OFF Logic “0” 
Logic Current (each bit) 
Bit ON Logic "1" 
Bit OFF Logic “0” 
RESOLUTION 
OUTPUT 
Current 
Unipolar (all bits on) 
Bipolar (all bits on or off) 
Resistance (exclusive of span 
resistors) 
Offset 
Unipolar 
Bipolar 
Capacitance 
Compliance Voltage 


ACCURACY (error relative to 
full scale) Ta = +25°C 


Ta = +25°C to Tmax 
Ta = Tmin to +25 C 
DIFFERENTIAL NONLINEARITY 
+25°C 


+25°C to Tax Monotonicity Guaranteed Monotonicity Guaranteed 
Tmin to +25 C Monotonicity Typical Monotonicity Typical 
TEMPERATURE RANGE 
Operaung 0 +70 
Storage -65 +150 
TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Ta = +25°C to Tmax 1 2 
Ta = Tmin to +25 C 1 
Bipolar Zero 
Ta = +25°C to Tmax 5 10 
Ta = Tmin to +25°C 5 
Gain (Full Scale) 
Ta = +25°C to Trax 15/7 50/10 
Ta = Tmin to +25 C 15/7 
Differential Nonlinearity 
Ta= +25°C to Tm 2 
Ta = Tmin t0 +25 C 2 F 2 
SETTLING TIME TO 1/2LSB 
All Bit ON-to-OFF or OF F-to-ON 150/250 250/350 150/250 250/350 ns 
FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 15 30g 15 30 ns 
90% to 10% Delay plus Fall Time 30 50 ; 30 50 ns 
POWER REQUIREMENTS 
Vcc, +11.4 to +16.5V de? 3 5 mA 
Veg, -11.4 t0 -16.5V de -12 -18 mA 
POWER SUPPLY GAIN SENSITIVITY 
Vcc, +11.4 to +16.5V de> 10 ppm of F.S./% 
Veg, -11.4 to -16.5V de 15 25 ppm of F.S./% 
PROGRAMMABLE OUTPUT 
RANGE Ow +5 0 to +5 Vv 
-2.5 to +2.5 -2.5 to +2.5 Vv 
0to +10 Oto +10 Vv 
-5 to +5 -S5to+5 Vv 
-10 to +10 -10 to +10 Vv 
EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 
Resistor for R2 +0.1 +0.25 
Bipolar Zero Error with Fixed 
50Q Resistor for R1 +0.05 +0.15 
Gain Adjustment Range £0.25 
Bipolar Zero Adjustment Range = {£0.15 
REFERENCE INPUT 
Input Impedance 15k 20k 25k 
REFERENCE OUTPUT? 
Voltage 9.90 10.00 10.10 
Current (available for external 
loads)* 1.5 2.5 : : 
POWER DISSIPATION 225/180 345/300 mW 
MULTIPLYING MODE PERFORMANCE® 
Quadrants Two (2): Bipolar Operation at Digital Input Only 
Reference Voltage +1V to +10V, Unipolar 
Accuracy 10 Bits (0.05% of Reduced F.S.) for 1V de Reference Voltage 
Reference Feedthrough (unipolar mode, 
all bits OFF, and 1 to +10V [p-p], sinewave 
frequency for 1/2LSB |p-p| teedthrough) 40kHz typ 
Output Slew Rate 10%-90% SmA/us 
90%- 10% ImA/us 
Output Settling Time (all bits on and a 0O—10V 
step change in reference voltage) 1.5us to 0.01% F.S. 
CONTROL AMPLIFIER® 
‘Full Power Bandwidth 300kHz 
Small-Signal Closed-Loop Bandwidth 1.8MHz 
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MIN 


+2.0 
0 


-1.6 
t0.8 


6k 


-1.5 


ADS6S5AJ/AD5S06AJ 


TYP 


+120 
+35 


-2.0 
+1.0 


8k 


0.01 
0.05 
25 


£1/4 
(0.006) 
1/2 
41/2 


t1/2 


MAX 


41/2 
(0.012) 
3/4 


3/4 


ADS565AS/ADS566AS 
TYP 


MIN 


+1/4 
(0.006) 
43/4 


41/4 41/2 


UNITS 


" NOTES: 


* Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly, 

* The digital input levels are guaranteed but not tested over the 
temperature range. 

* This specification applies for the AD565A/AD566A chip 

configured as aADS65A. 

“The power supply gain sensitivity is tested in reference to a 
VEE of -15V de. 

* For operation at elevated temperatures the reference cannot supply 
current for external loads. It, therefore, should be buffered if 
additional loads are to be supplied. 

* This specification applies for the AD565A/AD566A chip 
configured as s ADS66A. 

Specifications subject to change without notice, 


ANALOG Microprocessor-Compatible 
DEVICES —-- 42-Bit D/A Converter — 


AD367 CHIPS 


PRODUCT DESCRIPTION 2. An additional output span resistor is accessible. This 
The AD567 is a complete high speed 12-bit digital-to-analog permits the user to connect the AD567 chip for 10 or 20 
converter including a high stability buried zener voltage volt spans. 


reference and double-buffered input latch on a single chip. 
The converter uses 12 precision high speed bipolar current 
steering switches and a laser trimmed thin film resistor 

network to provide fast settling time and high accuracy. The following additional application information applies to 


Microprocessor compatibility is achieved by the on-chip | poeon ee 

double-buffered latch. The design of the input latch allows 1. No particular wire-bonding sequence must be followed. 
direct interface to 4-, 8-, 12-, or 16-bit buses. The 12 bits of 2. For assembly information, see the Bipolar Integrated Cir- 
data from the first rank of latches can then be transferred to cuit Chips General Information Section. 

the second rank, avoiding generation of spurious analog out- 
put values, The latch responds to strobe pulses as short as 
100ns, allowing use with the fastest available microprocessors, 


All other general application information on the AD567 pack- 
aged product catalog data sheet applies to AD567 chips. 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD567 chip must be 


connected to -Vgg, device pad number 9, 
The AD567] is specified for use over the 0 to +70 C tempera- 


ture range and the AD567S is specified for the -55°C to 4. Do not connect to any bonding pads or metalization not 
+125°C range indicated as a functional bonding pad on the metalization 
Bc. photograph. | 


APPLICATION INFORMATION 

1. On AD567 chips, the internal reference is not perma- 
nently connected, This allows the use of an external 
reference and also makes the internal reference available 
for external use. 


5. Pads 5A and 5B must both be connected to reference 
ground. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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_ SPECIFICATIONS (Ta = +25°C, VCC = +12V or +15V, VEE = -12V or -15V, unless otherwise specified) 


ADS567J ADS567S . 
MODEL MIN TYP MAX MIN TYP MAX UNITS 
DATA INPUTS? (Pins 10-15 and 17-28) 
TTL or 5 Volt CMOS 
Input Voltage . 
Bit ON Logic “1” 42.0 +5.5 
Bit OFF Logic “0” +0.8 
Logic Current (each bit) 
Bit ON Logic “1” +120 +300 
; Bit OFF Logic “0” +35 +100 
RESOLUTION 12 
OUTPUT 
Current 
Unipolar (all bits on) -1.6 -2.0 -2.4 
Bipolar (all bits on or off) +0.8 t1.0 #12 
Resistance (exclusive of span 
resistors) 6k 8k 10k 
Offset 
Unipolar 0.01 0.05 
Bipolar 0.05 0.15 
Capacitance 25 
Compliance Voltage 
Pic €0°7 age -1.5 +10 
ACCURACY (error relative to 
full scale) +25°C 1/4 +1/2 +1/4 +1/2 LSB 
(0.006) (0.012) (0.006) (0.012) % of F.S. 
Ta = +25°C to Tmax +1/2 +3/4 +1/2 +3/4 LSB 
Ta = Tmin to +25 C +1/2 +1/2 LSB 
DIFFERENTIAL NONLINEARITY 
Ta =+25°C . +1/2 +3/4 +1/2 +3/4 LSB 
Ta = +25°C to Trax Monotonicity Guaranteed Monotonicity Guaranteed 


Ta =Tmin to +25°C 


TEMPERATURE COEFFICIENTS 
With Internal Reference 
Unipolar Zero 


Monotonicity Typical 


Monotonicity Typical 


Ta = +25°C to Tmax 1 2 
Ta = Tmin to +25 C 1 
Bipolar Zero 
Ta = +25°C to Tmax 5 10 
Ta = Tmin to +25 C 5 
Gain (Full Scale) 
Ta = +25°C to Tmax 15 50 
Ta = Tmin to +25 C 15 
Differential Nonlinearity 
Ta = +25°C to Tmax 2 
Ta = Tmin to +25°C 2 
TEMPERATURE RANGE 
Operating 0 +70 
Storage -65 +150 
POWER REQUIREMENTS 
Vcc, +11.4 to +16.5V de 3 5 mA 
Veg, -11.4 to -16.5V de aif -25 mA 
POWER SUPPLY GAIN SENSITIVITY? 
Vcc = +11.4 to +16.5V de 3 10 3 10 ppm of F.S./% 
VEE = -11.4 to -16.5V de 15 25 15 25 ppm of F.S./% 
PROGRAMMABLE OUTPUT 
RANGE 0 to +5 0 to +5 Vv 
-2.5 to +2.5 -2.5 to +2.5 Vv 
0to +10 Oto +10 Vv 
-5 to +5 -Sto +5 Vv 
-10 to +10 -10 to +10 Vv 


EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 502 


Resistor for R2 . +0.1 +0.25 
Bipolar Zero Error with Fixed ; 

502 Resistor for R1 +0.05 £0.15 
Gain Adjustment Range +0.25 


Bipolar Zero Adjustment Range = +0..15 
REFERENCE INPUT 


Input Impedance 15k 20k 25k 
REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 10.10 
Current (available for external 
loads) 0.1 1.0 
POWER DISSIPATION 300 495 
NOTES: 


*The power supply gain sensitivity is tested in reference to a Vcc, VEE 
of t15V de +10%, - 


Specification subject to change without notice. 


‘Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

? The digital input specifications are guaranteed but not tested over 
the operating temperature range. 
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ANALOG 
DEVICES 


Low Cost, Complete 


8- and 10-Bit A-to-D Converters 


ADS70/AD571 CHIPS 


PRODUCT DESCRIPTION 

The AD570 is a low-cost 8-bit successive approximation A-to- 
D converter consisting of a DAC, reference, clock, comparator, 
successive approximation register and output buffers on a sin- 
gle chip. The AD571 is the 10-bit version of the same chip. 
Since no additional components or trimming is required to 
perform a full-accuracy 8-bit conversion in 25yus, AD570/ 
AD571 chips are ideal for hybrid applications. AD570J/ 
AD571J chips are specified for operation between 0 and 
+70°C, AD570S/AD571S chips for -55°C to +125°C. 


APPLICATION INFORMATION 

AD570 and AD571 chips have one bonding pad accessible to 
the user that is not pinned out on packaged AD570 and AD571 
devices. That pad provides two additional input ranges thus: 


1. If pad 13A or 13B is used alone as the analog input, the 
input voltage span is 20 volts (for OV to +20V, or -10V to 
+10V ranges). 

2. If pads 13A and 13B are tied together and used as the 
analog input, the input voltage span is 10 volts (for OV to 
+10V or -5V to +5V ranges) as in packaged AD570/AD571 
devices. 


Otherwise, AD570 and AD571 chips are functionally identical 
to packaged AD570 and AD571 devices, For general applica- 
tion information, see the AD570 or AD571 packaged product 
catalog data sheets. : 


The following additional application information applies to 
ADS570 and AD571 chips: 


1. No particular wire-bonding sequence must be followed. 
2. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD570 and AD571 chip 
must be connected to -Vs, device pad number 12. | 


4, Pads 10A and 10B must both be connected to +Vs. Pads 16A 
and 16B must both be connected to Digital Common. 


5. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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_ SPECIFICATIONS 


(typical @ +25°C with V+ = +5V, V- = -15V, all voltages measured with respect to digital common, unless otherwise indicated) 


MODEL . ADS70)_ ; ADS71J ADS70S ADS71S 
RESOLUTION 8 Bits i 10 Bits . *s 
. RELATIVE ACCURACY @ 25°C? +1/2LSB max +1LSB max =~ s 2” 
Ta = 425°C to Trax +1/2LSB max t1LSB max ° oe 
Ta ® Tmin'to +25" C +1/2LSB +1LSB : ** 


FULL SCALE CALIBRATION 
(With 15Q Resistor In Series With 


Analog Input +2LSB (typ) +2LSB (typ) bd se 
UNIPOLAR OFFSET (max) +1/2LSB +1LSB . ae. 
BIPOLAR OFFSET (max) - £1/2LSB +1LSB 2 bk 
EERE RSI, SIF TE DE AIR NTE R IT IEE ETL SRT DE OATS ETE ERPS POODLE IEE I 2 LIES EEE LED PLE EON EE EE A LAPEER EOL ED PEL SPA ILE LE OTE BENDEL EEE EPR E EEE ESOS TE STOOL IE EEE PDE 


DIFFERENTIAL NONLINEARITY 
(Resolution for Which no Missing 
Codes are Guaranteed) 


Ta = +25°C 8 Bits 10 Bits < as 
Ta = +25°C to Tmax 8 Bits 9 Bits : 10 Bits 
Ta = Tmin to +25 C 8 Bits 9 Bits, typ . 10 Bits, typ 
TEMPERATURE RANGE 
Operating 
' Tested (Ta = +25°C to Tmax) +25°C to +70°C +25°C to +70°C +25°C to +125°C +25°C to +125°C 
Guaranteed, Not Tested F 
(Ta = Tmin to +25°C) 0 to +25°C 0 to +25°C -55°C to +25°C -55°C 10 +25°C 


TEMPERATURE COFFFICIENTS 
Guaranteed max Change 
Ta = +25°C to Trax 


Unipolar Offset +1LSB (88ppm/°C) +2LSB (44ppm/°C) t1LSB (44ppm/°C) +2LSB (20ppm/*C) 
Bipolar Offset . t1LSB (88ppm/°C) +2LSB (44ppm/°C) +1LSB (40ppm/°C) +2LSB (20ppm/°C) 
Full Scale Calibration* +2LSB (176ppm/°C) +4LSB (88ppm/°C) +2LSB (80ppm/°C) +SLSB (SOppm/°C) 


(With 15Q Fixed Resistor or 
50Q Trimmer) 


; Typical Change 
pea? Ta = Tmin to +25°C 
* Unipolar Offset +1LSB +2LSB +2LSB 
Bipolar Offset tiLSB +2LSB . +2LSB 
Full Scale Calibration* +2LSB +4LSB 5 +5LSB 


(With 15Q Fixed Resistor or 
50Q Trimmer) 
POWER SUPPLY REJECTION 
Max Change In Full Scale Calibration 
TTL Positive Supply 


+4 SVEV CRESS SV +2LSB max +2LSB max i “* 
Negative Supply 

-16.5V&V48-13.5V +2LSB max +2LSB . — 
ANALOG INPUT RESISTANCE 

10 Volt Span 3kQ min 3kQ min . =e 

5kQ min 5kQ typ * oe 

7kQ min 7kQ max ' °. 

20 Volt Span 6kQ min 6kQ min * 9 

10kQ typ 10kQ typ * *e 

e ee 


14kQ max 14kQ max 


ANALOG INPUT RANGES 
(Analog Input to Analog Common) 


Unipolar 0 to +10V, 0 to +20V 0 to +10V, 0 to +20V . og 
Bipolar : -5V to +5V, -10V to +10V -5V to +5V, -10V to +10V ad bad 
gr Ss SSS ssi SSS SSS 
OUTPUT CODING ; 
Unipdlar Positive True Binary Positive True Binary " “es 
Bipolar Positive True Offset Binary Positive True Offset Binary bd bh 


OUST ATU TIGRO en ee 
LOGIC OUTPUT 


Bit Outputs and Data Ready 


Ourput Sink Current 3.2mA min 3.2mA min 7 “ 
(Vour = 0.4V max. Tmin tO Tmax? (2TTL Loads) (2TTL Loads) : “9 
Output Source Current (Bit Outputs)® 
(Vout = 2.4V min, Tin 60 Tmax) 0.5mA min 0.5mA min : oe 
Output Leakage When Blanked +40uA max *  £40uA max i i 


LOGIC INPUT® 
Blank and Convert Input 


O<Vi,<V+ +40uA max ~ $40uA max . ee ; 
Blank — Logic "1" 2.0V min 2.0V min . nig 
Convert — Logic ‘‘0" 0.8V max 0.8V max bo ee 
CONVERSION TIME 15s min 15s muin- be oe 
35us typ 35us typ 7 oe 
40us max 40us max . bed 


POWER SUPPLY 
Absolute Maximum 


V+ +7V +7V i tg 
V- -16.5V -16.5V = * 
Specified Operating — Rated Performance 
V+ +5V +5V a hie 
V- -15V -15V : 7 As 
Operating Range 
V+ +4.5V to +5.5V +4.5V to +5.5V ° ad 
V- : ; -12V 10 -16.5V : es 
Operating Current 
Blank Mode . 
V+=+5V 2mA typ (10mA max) 2mA typ (10mA max) . . ee 
V- =-15V 9mA typ (15mA max) 9mA typ 15mMA max) * * 
Convert Mode 
V+=+5V SmA 5mA bg oF 
V-=-15V 10mA 10mA ° 2 
"Bleetrical rformed at wafer probe, before the wafer i “Full-scale calibrati ficient includes the eff Arse pire tae tis 
ectrical tests are performed at wafer probe, before the wafer is ull-+cale calibration temperature coefficient includes the effects *Specificati AD570}. 2s 
separated into individual dice, Maintaining chip performance to of unipolar offset drift as well as gain drift. **Specifications eae ve podtias yee PE gital COMMGI: 5 preset nie a ee eon 
specification requires great care in handling and assembly. ‘The data output lines have active pull-ups to source 0.5mA. The Specifications subject to change V- to Digital Common ........... 0 to -16.5V 
? Relative accuracy is defined as the deviation of the code transition DATA READY line is open collector with a nominal 6kQ intemal without notice. Analog Common to Digital Common. ..... .1V 
points from the ideal transfer point on a straight line from the pull-up resistor. ‘Anglos Indu to Aniloe Camis +15V 
zero to the full scale of the device. * Logic Input and Output Thresholds and Levels are tested li ic atk Meese aoesess! 
> Full scale calibration is guaranteed trimmable to zero with an Ta = 425°C to Tmax, not tested but guaranteed Ta = Tmin to Control Inputs... ............0.. Oto V+ 
external 502 potentiometer in place of the 152 fixed resistor. 28°C. - 0: 
Full scale is defined as 10 volts minus 1LSB, or 9.990 volts. ° Digital Oucputs (Blank: Mode)iis tates Oro 
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ANALOG Fast, Complete 10-Bit A-to-D Converter 
DEVICES With Microprocessor Interface 


ADS73 CHIPS 


PRODUCT DESCRIPTION 

The AD573 is a 10-bit successive approximation A-to-D con- 
verter consisting of a DAC, reference, clock, comparator, suc- 
cessive approximation register and 3 state output buffers on 


to +10V or -5V to +5V ranges) as in packaged AD5 73 
devices. 


Otherwise, AD573 chips are functionally identical to packaged 
AD573 devices. For general application information, see the 


a single chip. Since no additional components or trimming 
is required to perform a full-accuracy 10-bit conversion in 
1.5us, AD573 chips are ideal for precision hybrid applica- 
tions. AD573 chips are available in one grade specified for 


AD573 packaged product catalog data sheet. 


The following additional application information applies to 
AD573 chips: 


0 to +70°C operation, and another grade for -55°C to 1. No particular wire-bonding sequence must be followed. 
-+125°C operation. 

APPLICATION INFORMATION | 
AD573 chips have one bonding pad accessible to the user 
that is not pinned out on packaged AD573 devices. That 
pad provides two additional input ranges thus: 


2. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD573 chip must be 


connected to -Vs, device pad number 13. 
1. If pad 14A or 14B is used alone as the analog input, the 


input voltage span is 20 volts (for OV to +20V or -10V 
to +10V ranges). 


2. If pads 14A and 14B are tied together and used as the 
analog input, the input voltage span is 10 volts (for OV 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 


4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. 
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SPECIFICATIONS * 


(typical @ +25°C with V+ = +5V, V- = -15V, all voltages measured with respect to digital common, unless otherwise indicated) 


MODEL AD573J ADS73S 

RESOLUTION 10 Bits . 

RELATIVE ACCURACY @ 25°C? +1LSB max +1LSB max 
Ta = +25°C to Tmax +1LSB max +1LSB max 
Ta = Tmin to +25 C t1LSB t1LSB 


FULL SCALE CALIBRATION? 
(With 15Q Resistor In Series With 


Analog Input +2LSB (typ) 
UNIPOLAR OFFSET (max) +1LSB . 
BIPOLAR OFFSET (max) +1LSB . 


DIFFERENTIAL NONLINEARITY 
(Resolution for Which no Missing 
Codes are Guaranteed) 


Ta = +25°C 10 Bits oe 
Ta = +25°C to Trax 10 Bits 10 Bits 
Ta = Tmn to +25 C 10 Bits, tvp 10 Bits, typ 
TEMPERATURE RANGE 
Operating 
Tested (Ta = +25°C to Tmax) +25°C to +70°C +25°C to +125°C 
Guaranteed, Not Tested 
(Ta = Tmin to +25°C) 0 to +25°C -55°C to +25°C 


TEMPERATURE COEFFICIENTS 
Guaranteed max Change 


Ta = +25°C to Tmax 


Unipolar Offset +2LSB (44ppm/°C) +2LSB (20ppm/°C) 
Bipolar Offset +2LSB (44ppm/°C) +2LSB (20ppm/°C) 
Full Scale Calibration* +4LSB (88ppm/°C) +5 LSB (SOppm/°C) 


(With 15Q Fixed Resistor or 


50Q Trimmer) 
Typical Change 
Ta = Tmin to +25°C 
Unipolar Offset +2LSB +2LSB 
Bipolar Offset +2LSB +2LSB 
Full Scale Calibration* +4LSB +5LSB 
(With 1592 Fixed Resistor or 
50Q Trimmer) 


POWER SUPPLY REJECTION 
Max Change In Full Scale Calibration 
TTL Positive Supply 


+4. 5VE&V+E45.5V +2LSB max 
Negative Supply 
-15.75V €V-<-14.25V +2LSB max . 
-12.6V <V-<-11.4V +2LSB max : 
ANALOG INPUT RESISTANCE 

10 Volt Span 3kQ min 5 
5kQ typ ‘ 
7kQ max " 
20 Volt Span 6kQ min = 
10kQ typ : 
14kQ max . 


ANALOG INPUT RANGES 


(Analog Input to Analog Common) 


Unipolar 0 to +10V, 0 to +20V : 
Bipolar -5V to +5V,-10Vto+10V * 
OUTPUT CODING 
Unipolar Positive True Binary 
Bipolar Positive True Offset Binary 


LOGIC OUTPUT 
Bit Outputs and Data Ready 
Output Sink Current 3.2mA min 
(Vout = 0.4V max, Tmin tO Tmax) (2TTL Loads) 
Output Source Current (Bit Outputs)* 


(Vout = 2.4V min, Tmin to Tmax) 0.5mA min sd = 
Output Leakage When Blanked +40uA max : 
LOGIC INPUT (Convert, HBE, LBE) 
O0<Vin S V+ +100uUA max . 
Logic “1” 2.0V min bd 
Logic “0” 0.8V max ig 
CONVERSION TIME. 10us min 
15us typ 
20us max 


POWER SUPPLY 
Absolute Maximum 


V+ +7V . 

V- -16.5V * 
Specified Operating — Rated Performance 

V+ +5V * 

V- -15V . 
Operating Range 

V+ +4.5V to +5.5V . 

V- -11.4V to -15.75V - 
Operating Current 

V+=4+5V 7mA typ (25mA max) bg 

V-=-15V 9mA typ (15mA max) bs 
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NOTES: 

* Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice, Maintaining chip performance to specification requires great care 
in handling and assembly. 

? Relative accuracy is defined as the deviation of the code transition points from the 
ideal transfer point on a straight line from the zero to the full scale of the device. 

* Full scale calibration is guaranteed trimmable to zero with an external 502 potentio- 
meter in place of the 152 fixed resistor. Full scale is defined as 10 volts minus 1LSB, 
or 9.990 volts. ; 

“Full-scale calibration temperature coefficient includes the effects of unipolar offset drift 
as well as gain drift. © 

‘The Data output lines have active pull-ups to source 0.5mA. The DATA READY line is 
open collector with a nominal 6kQ internal pull-up resistor. 

“Specifications same as AD573)J. 

Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 


V+ to Digital Common............ 00000008. Oto +7V 
V- to Digital Common...............-... 0 to -16.5V 
Analog Common to Digital Common............... +1V 
Analog Input to Analog Common.................. t15V 
CONntrol IN puUts)2.0:2 6.6.2 pte Sek ee Be See ek 0 to V+ 
Digital Outputs (High Impedance State)... 00.00. 0 to V+ 


* 
wy ae 
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ANALOG 
DEVICES Precision 2.5 Volt Reference 


AD380 CHIPS 


PRODUCT DESCRIPTION The following additional application information applies to 
The AD580 is a three-terminal, low-cost voltage reference that | AD580 chips: 

provides a fixed 2.5V output for inputs between 4.5V and 30V. 
Based on the bandgap principle and implemented with thin 
film resistors, temperature coefficients as low as 10ppm/°C can 
be guaranteed. One version of the AD580 chip is specified for 


1. No particular wire-bonding sequence must be followed. 


. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. | 


0 to +70°C operation, one grade for -55°C to +125°C. 3. For performance to device specifications, the metal sub- 

APPLICATION INFORMATION strate pad or header beneath the AD580 chip must be 

AD580 chips are functionally identical to packaged AD580 connected to -E. ! 

devices, For general application information, see the AD580 4. Do not connect to any bonding pads or metalization noe 

packaged product catalog data sheet. indicated as a functional bonding pad on the metalization 
photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 


0.062 
(1.575) 


Eout -E 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-52, 3 PIN, METAL PACKAGE. 
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SPECIFICATIONS (typical @ Ej = +15V and 25°C unless otherwise specified) 


MODEL AD580J AD580S 
ABSOLUTE MAX RATINGS 
Input Voltage | 40V . 
Operating Junction Temp Range -§55°Cto+150°C_* 
Storage Temperature Rarige -65°C to +175°C * 
Operating Temperature Range 
Tested (Ta = +25°C to Tmax) +25°C to +70°C }=— 25°C t0 125°C 
Guaranteed, Not Tested : 
(Ta = Tmin to +25°C) 0 to +25°C -55°C to +25°C 
OUTPUT VOLTAGE 2.425V min 2.490V min 
\ (2.575V max) 2.510V max 
OUTPUT VOLTAGE CHANGE | 
Ta = +25°C to Tmax 15mV max 11mV max 
(85ppm/"C) (25ppm/°C) 
Ta = Tmin to +25°C 15mV 1lmV 
LINE REGULATION 
7V SVin S30V 6mV max 2mV max 
(0.6mV typ) 
4.5V S<Vin S7V 3mV max ImV max 
(0.3mV typ) 
LOAD REGULATION 
Al=10mA 10mV max i 
QUIESCENT CURRENT 1.5mA max . 
(1.0mA typ) : 
NOISE (0.1 to 10Hz) 60uV(p-p) p 
STABILITY 
Long Term 250uV ‘ 
Per Month 25uUV = 
NOTES: 


‘Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 

“Specification same as AD580J. 

Specifications subject to change without notice. 
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ANALOG Programmable 
DEVICES Precision Low-Drift Reference 


B x 


AD981/AD984 CHIPS 


AD581 NOTE: An ADS584 is an AD581 with additional specified APPLICATION INFORMATION 
versatility. When connected in the 10.0 volt configuration, the AD584 chips are functionally identical to packaged AD584 


AD584 is functionally identical to the AD581. In hybrid circuits, 

ADS584 chips may be substituted directly for AD581 chips without 

any electrical or mechanical design modifications. 

AD581 chips will not be offered as a standard product. The following additional application information applies to 
AD584 chips: 


1. No particular wire-bonding sequence must be followed. 


devices, For general application information, see the AD584 
packaged product catalog data sheet. 


PRODUCT DESCRIPTION 
The AD584 is a precision voltage reference, ‘‘pin’”’ program- 
mable to any of four output voltages: 10.000V, 7.500V, 


2. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. 


5.000V and 2.500V. Other voltages, above 10.000V or below 3. For performance to device specifications, the metal sub- 
2.500V, can be programmed with an external resistor pair. Strate pad or header beneath the AD584 chip must be 
The initial tolerances and temperature coefficients are laser- connected to V- and substrate, pads number 4 and 9. 
trimmed at the factory to provide precise and stable adjust- 4. Do not connect to any bonding pads or metalization not 
ment-free operation. One grade of the AD584 chip is speci- indicated as a functional bonding pad on the metalization 
fied for 0 to +70°C operation, one for -55°C to +125°C. photograph. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 


7 A 0.080 i 7 
(2.032) 


6 Vec 


SUBSTRATE 9** 


0.061 
(1.549) 


2 3 5 4 
5V* 2.5V* STROBE COMMON 
OR 


V- 
PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-99, 8 PIN METAL PACKAGE. 


*CAUTION: INTERCONNECTIONS REQUIRED; SEE PACKAGED 
AD584 CATALOG DATA SHEET FOR INFORMATION. 
**NOT BROUGHT OUT ON PACKAGED DEVICE. 
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SPECIFICATIONS (typical @ Vij = +15V and +25°C unless otherwise noted) 


MODEL 


ABSOLUTE MAX RATINGS 
Input Voltage Vij to Ground 
Operating Junction Temp. Range 
Storage Temperature Range 
Operating Temperature Range 
Tested (Ta = +25°C to Tmax) 
Guaranteed, Not Tested 


ADS584J 


40V 
-§5°C to +150°C 
-65°C to +175 C 


+25°C to +70 C 


AD584T 


+25°C to +125°C 


(Ta = Tmin to +25°C 0 to +25°C -55°C to +25°C 
OUTPUT VOLTAGE TOLERANCE 
Maximum Error” for Nominal 
Outputs of: 
10.000V +30mV +10mV 
7.500V +22mV +8mV 
5.000V +15mV +6mV 
2.500V +7.5mV +3.5mV 
OUTPUT VOLTAGE CHANGE 
Maximum Deviation from +25°C 
Value, Ta = +25°C to Tmax? 
10.000, 7.500, 5.000V Outputs 30ppm/°C 15ppm/°C 
2.500V Output 30ppm/°C 20ppm/°C 
Typical Deviation from +25°C 
Value, Ta = Tmin to +25°C? 
10.000, 7.500, 5.000V Outputs 30ppm/°C 15ppm/°C 
2.500V Output 30ppm/°C 20ppm/°C 
Differential Temperature 
Coefficients Between Outputs Sppm/°C typ 3ppm/°C typ 
QUIESCENT CURRENT 1.0mA max . 
750UA typ a 
Temperature Variation 1.5uA/°C typ : 
TURN-ON SETTLING TIME TO 0.1% 200ps . 
NOISE | 
(0.1 to 10Hz) SOUV p-p . 


LONG-TERM STABILITY 


SHORT CIRCUIT CURRENT 


LINE REGULATION (No Load) 
15V<Vn <30V 


(Vout +2.5V) <Vin<15V 


LOAD REGULATION 
O0<lout S5mA, All Outputs 


OUTPUT CURRENT* 

Vin 2 VouT +2.5V 
Source @ +25°C 
Source Tin tO Tmax 
Sink Tmin to Tmax 
Sink -55°C to +85°C 


25ppm/1000 Hrs. 
(Non-Cumulative) 


30mA_ 


0.002%/V 
0.005%/V 


S5Oppm/mA max 
(20ppm/mA typ) 


10mA min 
5mA min 


5mA min 


* 


* 


200A min 
5mA min 


NOTES: 


1 Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice, Maintaining chip performance to specification requires great 


care in handling and assembly. 
? At Pad 1. 


3Calculated as average over the specified operating temperature range. 


“Tested Ta = +25°C to Tmax. Not tested but guaranteed Tmjn to +25°C. 


*Specifications same as AD584J. 


Specifications subject to change without notice. 
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ANALOG Low Cost 
DEVICES Precision Sample-and-Hold 


AD582 CHIPS | ~ 


PRODUCT DESCRIPTION The following additional application information applies to 
The AD582 is a low-cost precision sample-and-hold amplifier AD582 chips: 
consisting of an operational amplifier, low-leakage analog 1. No particular wire-bonding sequence must be followed. 


switch and a JFET integrating amplifier. The only external 
component required is a holding capacitor. The AD582 may 
be connected in any popular op amp configuration giving the 


2. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. 


user control of gain and frequency response. The sample/hold 3. For performance to device specifications, the metal sub- 
mode control may be operated from any popular logic family. strate pad or header beneath the AD582 chip must be 
AD582 chips are available in one grade specified for 0 to +70 C connected to -Vs, device pad number 5. 


operation and one for -55°C to +125°C. See it 
4, Do not connect to any bonding pads or metalization not 


APPLICATION INFORMATION indicated as a functional bonding pad on the metalization 
AD582 chips are functionally identical to packaged AD582 photograph. 

devices. For general application information, see the AD582 

packaged product catalog data sheet. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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, | | 
SPECIFICATIONS (typical @ +25°C, Vs = +15V and Cy = 1000pF, A = +1 unless otherwise specified) 


MODEL AD582K ADS82S 
SAMPLE/HOLD CHARACTERISTICS 
Acquisition Time, 10V Step to 0.1%, 

Cy = 100pF 6s ss 
Acquisition Time, 10V Step to 0.01%, 

Cy = 1000pF 7 25us : 
Aperture Time, 20V p-p Input, 

Hold 0V 150ns 
Aperture Jitter, 20V p-p Input, 

Hold 0V 15ns * 
Settling Time, 20V p-p Input, 

Hold OV, to 0.01% 0.5ps . 
Droop Current, Steady State, t10Voyut 100pA max > 
Droop Current, Ta = +2 §°C to T, aie InA 150nA max 

Ta = Tmin to +25 C InA 100nA 
Charge Transfer 5pC max (1.5pC typ) = 
Sample to Hold Offset 0.5mV 
Feedthrough Capacitance 
20V p-p, 10kHz Input 0.05pF ? 
TRANSFER CHARACTERISTICS 
Open Loop Gain 

Vout = 20V p-p, Ry. = 2k 50k (25k min) [ 
Common Mode Rejection 

Vom = 20V p-p, F = 50Hz 70dB (60dB min) By 
Small Signal Gain Bandwidth 

Vout = 100mV p-p, Cy = 200pF 1.5MHz : 

Full Power Bandwidth 

Vout = 20V p-p, Cy = 200pF 70kHz : 
Slew Rate 

Vout = 20V p-p, Cy = 2COpF 3V/uUs = 
Output Resistance 

Hold Mode, lout =t5mA 122 ° 
Linearity 

Vout = 20V p-p, Ry = 2k 40.01% © 
Output Short Circuit Current +25mA " 

ANALOG INPUT CHARACTERISTICS 

Offset Voltage 2mV (6mV max) 7 

Offset Voltage, Ta = +25°C to Tmax 4mV SmV (8mV max) 
Ta = Tmin to +25 C 4mV 5mV 

Bias Current 3A max (1.5HA typ) : 

Offset Current 300nA max (75nA typ) : 

Offset Current, Ta = +25°C to Tmax 100nA 100nA (400nA max) 
Ta = Tmin to +25°C 100nA 100nA 

Input Capacitance, f = 1MHz 2pF . 

Input Resistance, Sample or Hold 

20V p-p Input, A = +1 30MQ2 . 
Absolute Max Diff Input Voltage 30V . 

_ Absolute Max Input Voltage, Either Input tVs . 
DIGITAL INPUT CHARACTERISTICS 
+Logic Input Voltage 

Hold Mode, T,,;, to T,,4,» “Logic @ OV +2V min % 

Sample Mode, T,,;,, to T,,,,, “Logic @ OV +0.8V max ss 
+Logic Input Current 

Hold Mode, +Logic @ +5V, -Logic @ OV 1.5uA * 

Sample Mode, +Logic @ OV, -Logic @ OV InA * 
-Logic Input Current : 

Hold Mode, +Logic @ +5V, -Logic @ OV 24uA * 

Sample Mode, +Logic @ OV, -Logic @ OV 4yuA e 
Absolute Max Diff Input Voltage, +L to -L +15V/-6V * 
Absolute Max Input Voltage, Either Input tVs * 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range t9V to t18V t9V to £22V 


Supply Current, Ry = © 
Power Supply Rejection, 
AVs = 5V, Sample Mode 


TEMPERATURE RANGE 
Operating 
Tested (Ta = +25°C to Tmax) 
Guaranteed, Nat Tested 
(Ta = Tmin to +25°C) 
Operating 
Storage 


NOTES: 


3mA (4.5mA max) 


75dB (60dB min) 


+25°C to +70°C 


0 to +25°C 
-25°C to +85°C 
-65°C to +150°C 


‘Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 


care in handling and assembly. 
*Specifications same as AD582K. 
Specifications subject to change without notice. 
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s 


+25°C to +125°C 


-55°C to +25°C 
-55°C to +125°C 


s 


ANALOG Two-Terminal IC 
DEVICES 1.2 Volt Reference 


AD589 CHIPS 


PRODUCT DESCRIPTION APPLICATION INFORMATION 

The AD589 is a two-terminal, low cost, temperature com- AD589 chips are functionally identical to packaged AD589 
pensated bandgap voltage reference which provides a fixed devices. For general application information, see the AD589 
1.23V output voltage for input currents between 50uA and packaged product catalog data sheet. 

me The following additional application information applies to 
The high stability of the AD589 is primarily dependent upon AD589 chips: . 

the matching and thermal tracking of the on-chip components. 1. No particular wire-bonding sequence must be followed. 


Analog Devices’ precision bipolar processing and thin-film 
technology combine to provide excellent performance at 
low cost. 


2. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section, 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD589 chip must be con- 
nected to the minus pad. 


Additionally, the active circuit produces an output impedance 
ten times lower than typical low-TC zener diodes. This fea- 
ture allows operation with no external components required 


to maintain full accuracy under changing load conditions. 4. Do not connect to any bonding pads or metalization not 
The AD589J is specified for use over the 0 to +70° C temper- indicated as a functional bonding pad on the metalization 
photograph. 


ature range and the AD589T is specified for -55°C to 
+125°C range. 


MINUS 2 


0.040 
(1.016) 


PLUS 1 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 


0.060 
(1.524) 


- 


MONOLITHIC CHIPS VOL. |, 17-45 


; 7 sae de | 
SPECIFICATIONS (typical @ Ijy = 500A and Ta = 25°C unless otherwise noted) 


Model AD589J AD589T 


ABSOLUTE MAXIMUM RATINGS 


Current 10mA . 
Reverse Current 10mA . 
Power Dissipation” 125mW i 
Storage Temperature Range —-65°Cto+175°C * 
Operating Junction Temperature Range -55°C to +150°C 
Lead Temperature (Soldering, 10sec) 300°C i 
Operating Temperature Range 0 to +70°C -55°C to +125°C 
OUTPUT VOLTAGE 1.200V min 
1.235V typ 
1.250V max 
OUTPUT VOLTAGE CHANGE vs. CURRENT 
(50uA - 5mA) 5mV max . 
DYNAMIC OUTPUT IMPEDANCE 0.622 . 
2Q max . 
RMS NOISE VOLTAGE 
10Hz <f <10kHz 5uV ig 
TEMPERATURE COEFFICIENT — ppm/°C 100 max 50 max 
TURN-ON SETTLING TIME TO 0.1% 25us . 
OPERATING CURRENT? 50uA min : 
5mA max i 
NOTES 


‘Electrical tests are performed at wafer probe, before the wafer is separated into 
individual dice. Maintaining chip performance to specification requires great 
care in handling and assembly. 

? Absolute maximum power dissipation is limited by maximum current through the 
device. Maximum rating at elevated temperatures must be computed assuming 
Ty < 150°C, and 674 = 400°C/W. | 

* Optimum performance is obtained at currents below 500uA. 
Stray shunt capacitances should be minimized. If strays cannot be 
avoided, a shunt capacitor of at least 1000pF is recommended. 


*Specifications same as AD589J. 
Specifications subject to change without notice. 
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ANALOG Two-Terminal 
DEVICES IC Temperature Transducer 


AD990 CHIPS 


PRODUCT DESCRIPTION The following additional application information applies to 
The AD590 is a two-terminal temperature transducer which AD590 chips: 
Produces an output curient proportional ce absolute tempers: 1. IMPORTANT! Unlike other bipolar integrated circuit chips, 


ture. For supply voltages between +4V and +30V, the AD590 
acts as a high impedance, constant current regulator passing 
1A/°K from -55°C to +150°C, Laser-trimming of on-chip 
thin-film resistors calibrates the AD590 to provide a 298.2uUA 


the AD590 substrate must be electrically isolated (floating). 
The mounting pad or header should be nonconductive, 
insulated or isolated. 


output at 298.2°K (+25°C). Low cost, linearity and ease of 2. No particular wire-bonding sequence must be followed. 
application make AD590 chips ideal for monitoring temper- 3. For assembly information, see the Bipolar Integrated Cir- 
atures at critical locations in hybrid assemblies. cuit Chips General Information Section. 

APPLICATION INFORMATION 4. Do not connect to any bonding pads or metalization not 
AD590 chips are functionally identical to packaged AD590 indicated as a functional bonding pad on the metalization 
devices. For general application information, see the AD590 photograph. 


packaged product catalog data sheet. 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 
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SPECIFICATIONS (typical @ +25°C and Vs = 5V unless otherwise noted) 


MODEL AD590J 
ABSOLUTE MAXIMUM RATINGS 
Forward Voltage (E+ to E-) +44V 
Reverse Voltage (E+ to E-) -20V 


Rated Performance Temperature Range? 
Storage Temperature Range? 


POWER SUPPLY 


Operating Voltage Range 


OUTPUT 


Nominal Current Output @ +25°C (298.2°K) 
Nominal Temperature Coefficient 
Calibration Error @ +25°C . 
Absolute Error? (over rated performance 
temperature range) 
Without External Calibration Adjustment 
With +25°C Calibration Error Set to Zero 
Nonlinearity 
Repeatability* 
| Long Term Drift® 
Current Noise 
Power Supply Rejection 
+4V << Vo S+5V 
+5V Vs <+15V 
+15V SVs S+30V 
Case Isolation to Either Lead 
Effective Shunt Capacitance 
Electrical Turn-On Time® 
Reverse Bias Leakage Current’ 
(Reverse Voltage = 10V) 


-§5°C to +150°C 
-65°C to +175°C 


+4V to +30V 


298.2uA 
WAC 
+5.0°C max 


+10.0°C max 
+3.0°C max 
+1.5°C max 
+0.1°C max 
+0.1°C max 


40pA/¥ Hz 


0.5uA/V 
0.2uA/V 
O.1pA/V 
10'°Q 
100pF 
20us 


10pA 


NOTES: 

‘Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 

? The AD590 has been used at -100°C and +200°C for short periods 
of measurement with no physical damage to the device. However, 
the absolute errors specified apply to only the rated performance 
temperature range. 

>See page 9-8 for explanation of error components, Note that t1°C 
error is the equivalent of +1A error, 

“Maximum deviation between +25°C readings after temperature 
cycling between -55°C and +150°C; guaranteed not tested. 

*Conditions: constant +5V, constant +125°C; guaranteed, not 
tested. : 

® Does not include self heating effects; see page 9-9 for explanation of 
these effects. 

7 Leakage current doubles every 10°C. 

Specifications subject to change without notice. 
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ANALOG Precision Low Cost 
DEVICES Dual BIFET Op Amp =~ 


AD642 CHIPS 


PRODUCT DESCRIPTION APPLICATION INFORMATION 

The AD642 is a pair of matched high speed monolithic FET- AD642 chips are functionally identical to packaged AD642 
input operational amplifiers fabricated with the most advanced devices. For general application information, see the AD642 
bipolar, JFET and laser trimming technologies. The AD642 packaged product catalog data sheet. 

offers matched bias currents that are significantly lower than 


ne The following additional applications information applies to 
currently available monolithic dual FET input operational AD642 chips: 
amplifiers: 75pA max, matched to 25pA. 


1. No particular wire-bonding sequence must be followed. 
The tight matching and temperature tracking between the 7 eed 


operational amplifiers is achieved by ion-implanted JFETs 2. For assembly information, see the Bipolar Integrated Cir- 
and laser-wafer trimming. lon-implantation permits the fab- cuit Chips General Information Section. 

brication of precision, matched JFETs ona monolithic bipolar —- 3, For performance to device specifications, the metal sub- 
chip. This optimizes the process to produce matched bias strate pad or header beneath the AD642 chip must be con- 
currents which have lower initial bias currents than other nected to -Vs, device pad number 4. 


popular FET input op amps. Laser-wafer trimming each am- 
plifier’s input offset voltage assures a tight initial match, this 
combined with superior IC processing guarantees offset volt- 
age tracking over the temperature range. 


4. Do not connect to any bonding pads or metalization not 
indicated as a functional bonding pad on the metalization 
photograph. | 


METALIZATION PHOTOGRAPH 


_ Dimensions shown in inches and (mm). 
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SPECIFICATIONS | 


(typical @ +25°C and Vs = +15V dc unless otherwise cee 


MODEL AD642] 
OPEN LOOP GAIN 
Vout = +10V, Ry 2 2kQ 100,000 min 
Tmin to +25°C 100,000 


OUTPUT CHARACTERISTICS 


Voltage @ Ry = 2k92, Ta = min to max 
Voltage @ Ry = 10k2, Ta = min to max 


Short Circuit Current 


(+12V) +10V min 
(+13V) +12V min 
25mA 


FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 


INPUT OFFSET VOLTAGE? 
vs. Supply, Ta = +25°C to Tmax 
Tmin to +25°C 
INPUT BIAS CURRENT 
Either Input? 


1.0MHz 


- §$0kHz 


3.0V/us 


2.0mV max 
200uV/V max 
200uUV/V 


10pA, 75pA max 


Storage 


NOTES | 


Input Offset Current SpA 
MATCHING CHARACTERISTICS* 

Offset Voltage 1.0mV 

Offset Voltage 3.5mV max 

Tmin-T max 

Input Bias Current 35pA max 

Crosstalk—1kHz 20V p-p -124dB 
INPUT IMPEDANCE 

Differential 10)? §2||6pF 

Common Mode 10’? Q\|6pF 
INPUT VOLTAGE RANGE 

Differential * +20V 

Common Mode +12V (+10V min) 

Common Mode Rejection, VIN = +10V 76dB min 
POWER SUPPLY 

Rated Performance +15V 

Operating +(5 to 18)V 

Quiescent Current 2.8mA max 
VOLTAGE NOISE 

0.1-10Hz 2uV p-p 

10Hz 70nV/AJHz 

100Hz 45nV/4/Hz 

1kHz 30nV//Hz 

10kHz 25nV/A/Hz 
TEMPERATURE RANGE 

Operating, Rated Performance 0 to +70 °C 


-65°C to +150°C 


‘Electrical tests are performed at wafer probe, before the wafer is separated 
into individual dice. Maintaining chip performance to specification requires 


great care in handling and assembly. 


2 Input Offset Voltage specifications are guaranteed after 5 minutes 


of operation at Ta = +25°C. 


3 Bias current specifications are guaranteed maximum at either 
input after 5 minutes of operation at Ta = +25°C. For higher 


temperatures, the current doubles every Y0°C. 


“Matching is defined as the difference between parameters of the two 


amplifiers, 


* Defined as the maximum safe voltage between inputs, such that neither 


exceeds +10V from ground. 


Specifications subject to change without notice. 
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J ANALOG — - Dual High Speed 
DEVICES Implanted FET-Input Op Amp 


AD644 CHIPS 


PRODUCT DESCRIPTION The following additional application information applies to 
The AD644 is a pair of matched high speed monolithic FET- | AD644 chips: 

input operational amplifiers fabricated with the most ad- 1. No particular wire-bonding sequence must be followed. 
vanced bipolar, JFET and laser trimming technologies, The 

tight matching and temperature tracking between the opera- 2. For assembly information, see the Bipolar Integrated Cir- 
tional amplifiers is achieved by ion-implanted JFETs and cuit Chips General Information Section. 

laser-wafer trimming. The AD644 is recommended for appli- 3. For performance to device specifications, the metal sub- 
cations where both high speed and dc performance are strate pad or header beneath the AD644 chip must be con- 
required. nected to -Vs, device pad number 4. 

APPLICATION INFORMATION 4. Do not connect to any bonding pads or metalization not 
AD644 chips are functionally identical to packaged AD644 indicated as a functional bonding pad on the metalization 
devices. For general application information, see the AD644 photograph. 


packaged product catalog data sheet. 


METALIZATION PHOTOGRAPH 
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1 
SPECIFICATIONS (typical @ +25°C and Vs=+15V de unless otherwise specified) 


MODEL D644) 
OPEN LOOP GAIN 
Vout = £10V, Ry, > 2kQ 30,000 min 
Ta = +25°C to Tmax, Ry = 2kQ 20,000 min 
Ta = Tmin to +25°C, Ry, = 2kQ 20,000 


OUTPUT CHARACTERISTICS 
Voltage @ Ry = 2kQ, Ta = min to max £12V (£10V min) 
Voltage @ Ry = 10kQ,T, = mintomax +13V (+12V min) 


Short Circuit Current 25mA 
FREQUENCY RESPONSE 

Unity Gain, Small Signal 2.0MHz 

Full Power Response 200kHz 

Slew Rate, Unity Gain 13.0V/ps 

Total Harmonic Distortion, f = 1kHz 0.0015% 
INPUT OFFSET VOLTAGE? ~ 2.0mV max 

vs. Supply, Ta = +25°C to Tmax 200uV/V max 

Ta = Tmin to +25 C 200uUV/V 

INPUT BIAS CURRENT 

Either Input? 10pA (75pA max) 

Input Offset Current 10pA 
MATCHING CHARACTERISTICS* | 

Input Offset Voltage 1.0mV max 

Input Offset Voltage Trin - Tmax 3.5mV max 

Input Bias Current 35pA max 

Crosstalk -124dB 
INPUT IMPEDANCE 

Differential 10122Q||6pF 

Common Mode 101222||3pF 
INPUT VOLTAGE RANGE 

Differential® . +20V 

Common Mode +12V (+10V min) 

Common Mode Rejection, Vin = +10V 76dB min 
POWER SUPPLY : 

Rated Performance +15V 

Operating | +(5 to 18)V 

Quiescent Current 3.5mA (4.5mA max 
VOLTAGE NOISE 

0.1-10Hz 7 2uUV p-p 

10Hz . 35nVA/ Hz 

100Hz 22nVA/Hz 

1kHz 18nV/A/Hz 

10kHz 16nV/\/Hz 
TEMPERATURE RANGE 

Operating, Rated Performance 0 to +70°C 

Storage -65°C to +150°C 
NOTES ) 


1 Electrical tests are performed at wafer probe, before the wafer is 
separated into individual dice. Maintaining chip performance to 
specification requires great care in handling and assembly. 
* Input Offset Voltage specifications are guaranteed after 5 minutes 
of operation at Ta = +25°C. 
> Bias Current specifications are guaranteed maximum at either input 
after 5 minutes of operation at Ta = +25°C. For higher temperatures, 
the current doubles every 10°C. 
“Matching is defined as the difference between parameters of the two amplifiers. 
* Defined as voltage between inputs, such that neither exceeds +10V from ground. 


Specifications subject to change without notice. 
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ANALOG _ High Speed 
DEVICES 8-Bit D-to-A Converter 


AD DAC-08 CHIPS 


PRODUCT DESCRIPTION b.) If Ig (or IQ) is to be unused in both locations, it should 
The AD DAC-08 is a high-speed 8-bit two-quadrant multi- be grounded at one of the two locations. 
plying D-to-A converter, consisting of matched bipolar 2. No particular wire-bonding sequence must be followed. 


switches, a control amplifier and a precision resistor network. 
Advanced design and manufacturing techniques result in 85 
nanosecond settling time, and compatibility with older in- 


3. For assembly information, see the Bipolar Integrated Cir- 
cuit Chips General Information Section. 


dustry standard DAC-08 devices. One accuracy grade is speci- 4. For performance to device specifications, the metal sub- 
fied for 0 to +70°C, one for -55°C to +125°C. strate pad or header beneath the AD DAC-08 chip must 
be connected to -Vs, device pad number 5. 
APPLICATION INFORMATION | 5. Do not connect to any bonding pads or metalization not 
1. Ig and Ig are provided at two alternate locations. indicated as a functional bonding pad on the metalization 
a.) Do not use both Ig (or both Ig) locations for different photograph. On AD DAC-08 chips, specifically do not con- 
' functions, They are merely the same output wired to nect to bonding pad area marked number 1 on metalization 
two different locations. photograph. 


METALIZATION PHOTOGRAPH 
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1 | 
SPECIFICATIONS (Vg = +15V and I REF = 2.0mA unless otherwise noted) 7 | = CHIPS 


ad Ta = 25°C to Tyax Ta = Tun to +25°C 

CHARACTERISTIC SYMBOL | CONDITIONS MIN TYP MAX TYP MAX UNITS | 
NONLINEARITY 

AD DAC-08A | %FS 

AD DAC-08C %ES 
SETTLING TIME | ts «| Full-Scale Step to 1/2LSB ea 
PROPAGATION DELAY ) All Bits Switched ne 
FULL SCALE TEMPCO TC Igs 

AD DAC-08A ppm/°C 

AD DAC-08C ppm/°C 


+ +10 
OUTPUT VOLTAGE COMPLIANCE | Voc Alps < 1/2LSB -10 -10 Vv 
‘ Rout > 20MQ ; 


FULL SCALE CURRENT IFS4 VrEF = 10.000V 
Rig = R45 = 5.000k22 
Ta = 25°C 
AD DAC-08C 1.94 1.99 2.04 1,99 mA 
AD DAC-08A 1.984 1.992 2.000 1.992 mA 
FULL SCALE SYMMETRY less (IFS4 - Irs2) 
AD DAC-08A 
AD DAC-08C 


ZERO SCALE CURRENT Izs 
AD DAC-08A 
AD DAC-08C 


OUTPUT CURRENT RANGE IFSR V- = -5.0V 
V-=-7.0 to -18V 


0 
0 


LOGIC INPUT LEVELS 


Logic ‘‘0”’ 
Logic “1” 
LOGIC INPUT CURRENTS 
Logic ‘‘0”’ -10V<Vin<+0.8V -2.0 -10 
Logic ‘*1” 2.0V<Vin<18V 0.002 10 


LOGIC INPUT SWING Vis 
LOGIC THRESHOLD RANGE ViHL - 
REFERENCE BIAS CURRENT ipee fie 
REFERENCE INPUT SLEW RATE | di/dt SSaeaaaaee C: 


POWER SUPPLY SENSITIVITY V+ =4.5V to 18V 
V- = -4.5V to -18V 
IREF = 1.0mA 


From +Vs 
From -Vs 
+5V, IpEF = 1.0mA 


+5V,-15V, IREF = 2.0MA 
+15V, IpEF = 2.0MA 


So 
aa See 


+0,003 
+0,002 


+0.01 
+0.01 


POWER SUPPLY CURRENT 


POWER DISSIPATION 


108 
135 


136 
174 


I+ 
I- 


NOTES: 
‘AD DAC-OBA specifications apply for the -55°C to +125°C. 
range. The AD DAC-O8C specifications apply for Ta = 0 to +70°C. = 


Specifications subject to change without notice. 


ABSOLUTE MAXIMUM RATINGS 


Operating Temperature 


AD DAC-08A..........0000085 . .-55°C to +125°C 
AD DACO8C. wi y65 ue oot heute aes 0 to +70°C 
Storage Temperature .............4.4. -65°C to +150°C 
Power. Dissipation o'..0 64 ok wane Pere eas oo 500mW 
Above 100°C Derate by...........006. 10mW/°C 
-Vs Supply to +Vg Supply .................000. 36V 
Logi Inputsy 6-0 oie eval ad a es -Vs to (-Vs +36V) 
Ni Gee Satire nd ee RE RA OES BH RS -Vs to +Vs 
Reference Inputs (Vi4, V15)......-.--..20-- -Vs to +Vs 
Reference Input Differential 
Voltage (V44:t0 V5). . nna’ ee ee he owe +18V 
Reference Input Current (1j4)...........220008 5.0mA 
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ANALOG ‘Ultra-Low Offset 
DEVICES Voltage Op Amp 


AD OP-07 CHIPS | 


PRODUCT DESCRIPTION The following additional application information applies to 
The AD OP-07 is an improved version of the industry-standard. AD OP-07 chips: 

OP-07 precision operational amplifier. A guaranteed minimum 
open-loop voltage gain of 1,200,000 affords increased accura- 
cy in high closed loop gain applications. Input offset voltages 2. For assembly information, see the Bipolar Integrated Cir- 
of 60uV, bias currents of 1.8nA, internal compensation and cuit Chips General Information Section. 

device protection eliminate the need for external components 
and adjustments. An input offset voltage temperature coeffi- 
cient of 0.4uV/°C and long-term stability of 0.4uV/month 
eliminate recalibration or loss of initial accuracy. Two grades 


1. No particular wire-bonding sequence must be followed. 


3. For performance to device specifications, the metal sub- 
strate pad or header beneath the AD OP-07 chip must be 
connected to -Vs, device pad number 4. 


of AD OP-07 chips are specified for 0 to +70°C operation. 4. Pads 7A and 7B must both be connected to +Vs. 
APPLICATION INFORMATION 5. Do not connect to any bonding pads or metalization not 
AD OP-07 chips are functionally identical to packaged AD indicated as a functional bonding pad on the metalization 


OP-07 devices. For general application information, see the photograph. 
AD OP-07 packaged product catalog data sheet. . 


METALIZATION PHOTOGRAPH 


Dimensions shown in inches and (mm). 


| 0.130 
(3.30) 
NULL +Vg +V 
8 7B 7 


-— 4 


NULL 1 
6 OUTPUT 
NOTE: 
wes THERE IS 


3 


2 
-INPUT +INPUT 


PAD NUMBER CORRESPOND TO PIN NUMBERS FOR THE TO-99 8-PIN METAL PACKAGES. 
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. 1 : 
; PECIFICATIONS (Ta = +25°C, Vg =+15V, unless otherwise specified) 
Model AD OP-07C AD OP-07D 
Parameter Symbol __ Test Conditions Min Typ Max Min Typ Max Units 


OPEN LOOP GAIN Avo Ri 22kQ, Vo = +10V 1,200 4,000 . 1,200 4,000 
Ry 22kQ, Vo = t10V 
Ta = +25 C to Tmax 1,000 4,000 1,000 4,000 
Ta = Tmin to +25°C 1,000 1,000 
Ry 25002, Vo = £0.5V, Vs = £3V 300 1,000 300 1,000 
OUTPUT CHARACTERISTICS 
Maximum Output Swing Vom Ry 210k2 +12.0 +13.0 +12.0 +13.0 
Ry 22kQ2 $11.5 +12.8 +11.5 +12.8 
Rp 21kQ +12.0 
Open Loop Output Resistance Ro Vo = 0, Io = 0 60 
FREQUENCY RESPONSE 
Closed Loop Bandwidth BW AvcL = +1.0 0.6 
Slew Rate SR Ry 22k 0.17 
INPUT OFFSET VOLTAGE 
Initial Vos Note 2 60 150 
Note 2, Ta = +25°C to Tmax 85 250 
Ta = Tmin to +25 C 85 
Adjustment Range Rp = 20k{2 +4 
INPUT OFFSET CURRENT 
Initial los 0.8 6.0 
INPUT BIAS CURRENT . : 
Initial IB +1.8 +7.0 
INPUT RESISTANCE 
Differential RIN 8 33 
Common Mode Rin CM 120 
INPUT VOLTAGE RANGE 
Common Mode CMVR +13.0 +14.0 
Common Mode Rejection Ratio CMRR Vom = +CMVR 100 120 
’ Vom = +CMVR, Trin to Tmax 97 120 
POWER SUPPLY ~ . 
Current, Quiescent lq Vs = t15V 3.5 5.0 
Power Consumption Pp Vs = +15V 105 150 
Vs = +3V 6.0 8.4 
Rejection Ratio PSRR Vs = t3V to t18V 90 104 
OPERATING TEMPERATURE 
RANGE ge ey oe 0 +70 0 +70 as 
NOTE: 


’ Electrical tests are performed at wafer prove, before the wafer is separated into individual dice. 
Maintaining chip performance to specification requires great care in handling and assembly. 

? Input offset voltage measurements are performed by automated test equipment approximately 
0.5 seconds after application of power. 


Specifications subject to change without notice. 
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CMOS Integrated Circuit Chips 


General Information 


PHYSICAL CHARACTERISTICS 

Die Thickness: The thickness of Analog Devices CMOS dice 
is 20 mils +1 mil except dielectrically isolated CMOS, which 
is 20 mils +3 mils. 


Die Dimensions: The dimensions given on the specific device 
data sheets have a tolerance of +3 mils. 


Backing: The backside surface of Analog Devices CMOS dice 
is silicon (not plated). Analog Devices has determined that an 
unplated backing allows thinner dice, better controlled thick- 
ness, better thermal transfer and more reliable die attach. Gold 
backing is not available for CMOS die. 


Edges: A diamond saw is used to separate wafers into dice thus 
providing perpendicular edges half-way through the die. 


In contrast to scribed dice, this technique provides a more 


uniform die shape and size. The perpendicular edges facilitate : 


handling (such as tweezer pick-up) while the uniform shape 
and size simplifies substrate design and die attach. 


Top Surface: The top surface of the dice is covered by a layer 
of Phosphorous-doped-Vapox glassivation. All areas are cover- 
ed except bonding pads and scribe lines. 


Surface Metalization: The metalization on Analog Devices 
CMOS dice is aluminum. Minimum metalization thickness 
is 10,000A. 


Bonding Pads: All bonding pads have a minimum size of 4 mils 
by 4 mils. The passivation windows are 3.5 mils minimum. 


VISUAL INSPECTION 

All Analog Devices CMOS dice are 100% inspected to MIL- 
STD-883, Method 2010, Condition B. In addition, Quality 
Assurance performs a sample audit to the same visual criteria 
to an AQL of 0.65%. 


PROCESS FLOW 

The process flow chart for Analog Devices CMOS dice is 
shown on page 17-58. All CMOS dice are 100% probed to 
+25°C functional and dc parametic limits as per the data 
sheet limits for the equivalent packaged version. (See page 
17-59 for the packaged product equivalent of CMOS dice). 
Reject die are inked. 


Additionally, all CMOS dice are 100% inspected to MIL-STD- 
883, method 2010, condition B. Quality assurance audits to 
the same visual criteria to an AQL of 0.65%. 


Following visual inspection, a sample of the die lot is assem- 
bled in ceramic packages and submitted to opens/shorts 
testing to cull out any assembled-related failures. 


Following open/short testing, the remaining packaged sample 
is submitted to 100% temperature testing of dc parameters. 
The limits used are the upper temperature limits of the similar 
grade packaged product (see page 17-59). The lot is rejected 
if the temperature test PDA (percent defective allowable) 

is greater than 15%, 


Special electrical sorts or sample plans can sometimes be ac- 
commodated at extra cost if volume warrants. 


ELECTRICAL TESTS 

All chips are 100% tested at wafer sort per published +25°C de 
parameters for the equivalent grade packaged product (see 
page 17-59) before the wafer is separated into individual dice. 


Additionally, a packaged sample of each die lot is submitted 
to hot temperature testing. A maximum PDA of 15% is 
required for lot acceptance by Q.A. | 


Maintaining chip performance to specifications requires great 
care in handling and assembly. The specific recommendations 
in this general information section are intended to assist the 
user in achieving specified performance of Analog Devices 
CMOS chips in assembled circuits. 


ELECTRICAL GUARANTEES 

Analog Devices CMOS chips are guaranteed to provide an 85% 
yield to standard packaged product data sheet performance 
specifications over the operating temperature range indicated 
on the data sheet for the equivalent packaged grade. 


PACKAGING 
All dice are packaged in plastic waffle packs. The quantity of 
dice per package depends on die size. 


A sheet of anti-static paper is included in each pack. 


The waffle pack is sealed in a plastic vacuum-sealed package. 
The package is back-filled with nitrogen. 


ASSEMBLY INFORMATION 
Cleaning: Each die is cleaned prior to packaging in waffle 
packs. No additional cleaning is recommended. 


Die Inspection: All Analog Devices CMOS dice are 100% 
inspected to MIL-STD-883, Method 2010, Condition B. 


No further inspection is required. 


Die Attach: The proper method of die attach is determined 
by the requirements of the particular application. 


When eutectic die attach is indicated, Analog Devices rec- 
ommends using either a 99.99% gold or a 98% gold 2% 
silicon preform. 


When conductive epoxy die attach is indicated, Analog 
Devices recommends the use of Able Bond 36-2 or equivalent. 
= 


Die attach temperature should be as low as possible and should 
never exceed 400°C as measured at the die-substrate interface 
surface. Time at 400°C shall not exceed 120 seconds. 


Lead Bonding: Analog Devices recommends using thermosonic 
or thermo-compression bonding for users requiring gold wire. 
One mil 99.99% gold wire is recommended. 


Analog Devices recommends using ultra-sonic bonding for 
users requiring aluminum wire. One mil 99% aluminum 1% 
silicon wire is recommended. 


To prevent damage from electrostatic discharge, bond the 
GND pin first. If a device has both an analog and a digital 
ground, bond DGND first. 
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Electrostatic Discharge (ESD): CMOS integrated circuits may 
be catastrophically damaged by ESD if not handled properly. 


Furthermore, subtle shifts in transistor characteristics can be 
caused by a more limited exposure to ESD, causing the per- 
formance of a precision device to become degraded. 

To prevent damage caused by ESD, Analog Devices recom- 
mends the following: 


a. Verify proper grounding of all manufacturing equipment. 


b. All workers who handle the chips should be wearing a 
grounded conductive wrist-strap. 


c. All work-in-process, especially any work with incomplete 
wire-bonding, should be placed on a conductive surface. 


d. Dice not in use should be stored in the original waffle pack 
with anti-static paper. 

Specific data sheets in this catalog describe the recommengee 

bonding sequence for each CMOS device. 


ORDERING INFORMATION 
Analog Devices CMOS integrated circuit chips are specified in 
the same manner as packaged devices, except the package code 


letter is replaced by the word “‘CHIPS”. 


wee XXXX X CHIPS 
Prefix Product Grade Designates 
(All IC Products) Number (Single Letter) Chips 


Minimum order quantity for CMOS chips is 50 pieces per line 
item. Additionally, Analog Devices CMOS dice are supplied in 
multiples of 25 pieces. 


Not all packaged product generics, grades or temperature 
ranges can be supplied in chip form. See page 17-59 for 
available CMOS chips. 


Bonding Diagrams: Bonding diagrams are provided for each 
product. Dimensions are given in inches and millimeters, See 
pages 17-60 through 17-65. 


APPLICATIONS INFORMATION 

Product descriptions, features and applications information is 
available for CMOS chips in the packaged product data sheets 
of this catalog. 


TESTED TO +25°C dec LIMITS 
100% WAFER FOR EQUIVALENT GRADE 
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CHIP PROCESS FLOW DIAGRAM 
“COM” PROCESS 
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SS 


CMOS CHIP AVAILABLE provide the exhaustive testing required to guarantee chips to 
Due to limitations imposed on testing and grading devices in the equivalent grade packaged-product performance over the 
chip form, not all packaged product grades or temperature MILITARY temperature range. 


ranges are available at this time as standard product. Consequently, Analog Devices offers many CMOS devices 


packaged in leadless chip carriers. Chip carriers offer the ad- 
vantage of fully specified, 100% tested, guaranteed perform- 
ance in a package not much larger than the chip itself. Con- 
tact Analog Devices for further information on products 
available in chip carriers. 


Following is a list of CMOS chip standard product offerings 
which are presently available. Refer to the packaged-product 
data sheet shown to determine the chip’s dc performance 
characteristics. 


LEADLESS CHIP CARRIERS FOR FULLY TESTED AND 


GUARANTEED PERFORMANCE 
- Due to test limitations, it is often difficult (or impossible) to 


Equivalent Packaged Operating Temperature 
Product to Determine Range for Rated dc 

Chip Model Number dc Performance (Vol. I) Performance 

CMOS MULTIPLEXERS , 


-25°C to +85°C 
-25°C to +85 C 
-25°C to +85°C 
-25°C to +85 C 
-25°C to +85°C 


AD7501 J CHIP 
AD7502 J CHIP 
AD7503 J CHIP 
AD7506 J CHIP 
AD7507 J CHIP 


AD7501JD ; page 16-5 
AD7502JD ; page 16-5 
AD7503JD ; page 16-5 
AD7506JD ; page 16-9 
AD7507JD ; page 16-9 


CMOS SWITCHES 


AD7510DI J CHIP AD7510DIJD ; page 16-13 -25°C to +85 C 
AD7511DI J CHIP AD7511DIJD ; page 16-13 = -25 Cto +85. C | 
AD7512DI J CHIP AD7512DIJD ; page 16-13-25 C to +85C 
AD7590DI B CHIP AD7590DIBD ; page 16-21-25 C to +85-C 
AD7591DI B CHIP AD7591DIBD ; page 16-21-25 C to +85. C 
AD7592DI B CHIP AD7592DIBD ; page 16-21 -25°Cto +85 C 


CMOS D/A CONVERTERS 


AD7520 J CHIP 
AD7520 K CHIP 


-25°C to +85°C 


AD7520JD ; page 10-97 
-25°C to +85°C 


AD7520KD ; page 10-97 


AD7520 L CHIP AD7520LD ; page 10-97 -25°C to +85°C 
AD7521 J CHIP AD7521JD ; page 10-97 -25°C to +85°C 
AD7521 K CHIP: -AD7521KD ; page 10-97 -25°C to +85°C 
AD7521 L CHIP AD7521LD ; page 10-97 -25°C to +85°C 
AD7522 J CHIP AD7522JD_ ; page 10-105 -25°C to +85°C 
AD7522 L CHIP AD7522LD ; page 10-105 -25°C to +85°C 
AD7523 J CHIP AD7523JN ; page 10-111 0 to +70°C 

AD7524 A CHIP AD7524AD ; page 10-115 -25°C to +85°C 
AD7523 A CHIP AD7533AD ; page 10-151 -25°C to +85°C 
AD7533 B CHIP AD7533BD ; page 10-151 -25°C to +85°C 
AD7541 A CHIP AD7541AD ; page 10-157 -25°C to +85°C 
AD7541 B CHIP AD7541BD ; page 10-157 -25°C to +85°C 
AD7542 A CHIP AD7542AD ; page 10-165 -25°C to +85°C 
AD7542 B CHIP AD7542BD ; page 10-165 -25°C to +85°C 
AD7543 A CHIP AD7543AD ; page 10-173 = -25' Cto +85°C 
AD7543 B CHIP AD7543BD ; page 10-173 -25°C to +85°C 


CMOS A/D CONVERTERS 


AD7550 B CHIP 
AD7574 A CHIP 


-25°C to +85°C 


AD7550BD ; page 11-81 
-25°C to +85°C 


AD7574AD ; page 11-113 
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BONDING DIAGRAMS 


0.085 0.085 
(2.159) (2.159) 
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(1.575) 
$1 13 
2 3 14° «15 161 2 3 4 
Vop Vs AO Al GND EN A2 Vpp_Vss AO At GND EN OUTS58 
AD7501 AD7502 


0.111 
(2.819) 


$9 $10 9 —S11 S12. $13 S14 S15 $16 
10 9 8 7 6 5 4 


19 20 21 22 23 24 25 26 
$1 $2 $3 S4 =) S6 $7 s8 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 28 PIN DIP PACKAGE. 


AD7503 AD7506 


LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 
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BONDING DIAGRAMS 


0.111 
(2.819) 


$13 
7 


$14 


0.082 

(2.083) 
2 OUT 9-16 
1 Voo 
28 OUT 1-8 
27 Vss 


19 20 21 22 23 24 25 26 
$1 $2 $3 4 $5 sé s7 $8 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 28 PIN DIP PACKAGE. 


AD7507 


0.087 


0.068 
(1.73) 


2 3 4 5 6 
GND Al A2 NC NC 


NOTE: AD7512DI: ADDRESS “HIGH” MAKES 
$1 TO OUT1 AND $3 TO OUT2 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 16 PIN DIP PACKAGE. 


AD7512 


10 S4 


9 D4 


0.068 
(1.73) 


2 3 4 5 6 
GND Al A2 A3 A4 


NOTE: AD7510DI: SWITCH “ON” FOR ADDRESS “HIGH” 
AD7511DI: SWITCH “ON” FOR ADDRESS “LOW” 


PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 16 PIN DIP PACKAGE. 


AD7510, 11 
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AD7520 


LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 
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BONDING DIAGRAMS 
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AD7521 
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14 Vop 
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PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE 16 PIN DIP PACKAGE. 
‘AD7524 


AD7523 


LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 


VOL. 1, 17-62 MONOLITHIC CHIPS 


0.068 
(1.73) 


BONDING DIAGRAMS 
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AD7543 


LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 
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BONDING DIAGRAMS 
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LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 


VOL. I, 17-64 MONOLITHIC CHIPS . 


BONDING DIAGRAMS 


AD7590, 91 


0.068 
(1.726) 


AD7592 


LINES FROM BONDING PADS IN ALL DIAGRAMS 
DO NOT INDICATE BOND WIRES 
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Linear IC Test Systems 
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Linear IC Test Systems 


TEST OP AMPS, DACs & ADCs WITH 16-BIT ACCURACY 


Uni-directional RS-232 port for 
Large easy-to-read programmable optional printer. 
display for pass/fail information, 
messages, binning, grading, etc. 


Integral printer for permanent 
record of test results. 


IEEE 488 port. 


LTS-2010 . 


Function switches can be 
programmed to select category 
from prompt on display. 


Bi-directional RS-232 port 
for communicating with any 
RS-232 device. 


—«— Handler interface for handler 
control signals. 

Go button—Operator installs 

device in the socket and 

merely pushes the button. 

The LTS-2010 does the rest. 


Double sided floppy disk for 
operating system, mass storage 
of data, user programs, and 
ADI supplied programs. 


Plug-in socket assembly. 


Sockets for specific device 
mounted on plug-in 
P.C. socket board. 


Keyboard for entering data to fill- 
in-the-blanks on ADI supplied de- 
Plug-in Family Board Module (i.e., vice programs. 

A/D, Op Amp, D/A). 


Socket P.C. board for 
specific device. 


THE LTS SYSTEM CONCEPT The LTS-systems not only provide for several data output 

The LTS systems are easy-to-use, flexible component test formats—data log, yield analysis or statistical analysis—they 
systems that allow you to test any component to the manu- also provide a choice of data display. If desired, the data may be 
facturer’s own specifications, ADCs, DACs, op amps, regula- presented via the single line LED display, the integral 20- 

tors, comparators and other linear devices. The system also column thermal printer, through either of the RS-232 ports or 
offers such features as datalogging, statistical analysis, yield the IEEE port. (All data outputs are standard features on both 
analysis and two RS-232 interfaces, IEEE interface and a the LTS-2000 and the LTS-2010.) 

handler interface. LTS-2000 | 

The computing power of the LTS-systems lies in their 16-bit The LTS-2000 is far more than a simple tester; itis an optimal 
central processing unit. The microprocessor incorporates a low cost solution for incoming inspection, It can be used for 
minicomputer instruction set which includes hardware multi- basic GO/NO-GO testing, for component selection, for qualifi- 
ply and divide as well as 15 prioritized interrupts for the sys- cation testing, or as a diagnostic tool for component evaluation. 


tem keypad, function switches, floppy disk drive, and the 


: The LTS-2000 can be set up in minutes by using either’a pro- 
IEEE 488 interface. 


gram from the device library, or the complete test menu of 


A real time, 3MHz, four-phase crystal stabilized system clock “Fill-in-the-Blanks” software. Prompts ror each step of the 
generates system timing, allowing the implementation of a real “Fill-in-the-Blanks” test programs are conveniently displayed 
time clock. The system memory includes 60K bytes of dy- directly over the associated function switches. Standard test 
namic RAM, of which 32K bytes are available for program programs can be easily altered to suit your needs. Select your 
generation by the user. test, and arrange them in the order you prefer. The full edit 
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a 


capability enables you to change test parameters quickly and 
simply. 

LTS-2010 

The LTS-2010 is the first benchtop tester that’s programmable 
in BASIC, as well as “Fill-in-the-Blanks’’ programming, and its 
16-bit CPU and 64K bytes of memory offer a new level of 
programmable sophistication. 


Far more than just a comprehensive production tester, it can 
handle complex engineering analysis, and even incoming 


LTS SPECIFICATIONS 


MEASUREMENT ACCURACY 
High Accuracy 
Direct 
Null and Difference 


Input Voltage Range 
REFERENCE DAC 


Range Resolution 
0 to 10V 2.5mV 
-5V to 5V 2.5mV 


-10Vto10V . 5mV 


SYSTEM REFERENCE 
Short Term 
Long Term 

SOURCES 

Source Voltage Range Resolution 


inspection. It is the first system that can provide all the capa- 
bilities of today’s large, centralized test systems at a cost that 
is approximately one-third the “big system”’ price. 

The LTS-2010 not only provides the flexibility of distributed 
or decentralized testing, it allows for cost-effective multiple 
system purchases. And it increases overall test reliability, since 
the threat of a single big system failure is eliminated in a dis- 
tributed testing environment. 


+(0.0015% of Reading +0.025% of Range +100uV) 
+(0.025% of Reading +0.025% of Range +100uV) 
+(0.025% of Reading +0.025% of [Diff Range + Null Range] +100uV) 


+10V (64 Different Ranges) 


Software Corrected Accuracy 
RDVO ¢ 150uV 
RDVO + 150uV 
RDVO + 300uV 


10V Adjustable in hardware or software 
10V +50ppm/1000 hrs, noncumulative 


Software Corrected Accuracy 


SA 0 to 20V +0.1V SAVO + 0.05V 

SB 0 to 20V +0.1V SBVO + 0.05V 

SC 0 to -20V +0.1V SCVO + 0.05V 

SD 0 to -20V +0.1V SDVO + 0.05V 

TH 0 to 10V +0.05V THVO + 0,025V 

SR -10V to 10V_ +0.001V SRVO + 0.0005V 

Source Current Range Accuracy of Measurement 

SA -10mA to 150mA +(2.5% of Reading + 10MA/V + 15uA) 
SB -10mA to 150mA +(2.5% of Reading + 10UA/V + 15uA) 
SC 10mA to -150mA +(2.5% of Reading + 10UA/V + 15uA) 
SD 10mAto-150mA +(2.5% of Reading + 10uA/V + 15uA) 
TH -10mA to +10mA +(0.5% of Reading + 10uA) 

SR -10mA to +10mA +(0.5% of Reading + 10uA) 


OPERATING TEMPERATURE 
At Rated Accuracy after 1 hr warm-up 
0 to 40°C 
32°F to 104°F 


OPERATING VOLTAGE 
105V ac to 125V ac @ 50Hz to 60Hz 
210V ac to 250V ac @ 50Hz to 60Hz 
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Quality Assurance Program 
MIL-STD-883 Class B 
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INTRODUCTION 


This section establishes the requirements for screening integrated 


circuits at Analog Devices in accordance with MIL-STD-883, 
Class B. Our monolithic and hybrid ICs are subjected to the 
accelerated stress tests or Methods 5004 and 5008 respectively. 


The following specifications and test methods of the issue in 


effect provides the general requirements and test procedures for 
the manufacture, test and environmental standards of our 883B 


program. 


MIL-M-38510: General Specification of Microcircuits. 
MIL-STD-883: Test Methods and Procedures for 


Microelectronics. 


Table 1 and Table 2 outline the screening tests for Analog Devices’ 
MIL Program. The purpose of these tests is to assure the quality 


and reliability of the product to a particular process level com- 
mensurate with the product’s intended application. 


Table 1 outlines the test sequence used in the reliability screening 


of our monolithic ICs. 


Test 
1) Internal Visual 


(Pre-Cap) 
2) Stabilization Bake 


3) Temperature Cycling 


i 


4) Constant Acceleration 


5) Seal Test: Fine Leak 


Gross Leak 
6) Burn-In Test 


7) Final Electrial Tests 
4 


8) External Visual 


TABLE 1 


Method 


Method 2010, Test Condition B 


Method 1008, 24 hrs. @ + 150°C, 


or equivalent 


Method 1010, Test Condition C, 
10 Cycles, — 65°C to + 150°C 


Method 2001, Test Condition E, 
Y1 plane, 30,000G 


Method 1014, Test Condition A 
or B 
Method 1014, Test Condition C 


Method 1015, per applicable 
device specification 160 hrs. 
@ +125°C min 


Per applicable device 
specification 


Method 2009 


Table 2 outlines the test sequence used in the reliability screening 
of our hybrid ICs to Method 5008. 


Process 
1) 100% Pre-Cap Visual 


Inspection 
2) Stabilization Bake 


3) Temperature Cyle 
4) Constant Acceleration 


5) Visual Inspection 
6) Seal Test: Fine Leak 


Gross Leak 
7) Operating Burn-In 


8) Final Electrical Test 


TABLE 2 


Method | 
Method 2017 


Method 1008, 24hrs. @ + 150°C, 
Condition C 


Method 1010, Test Condition C, 
10 Cycles, — 65°C to + 150°C 


Method 2001, Y1 plane, per 
applicable device specification 


Visible Damage 


Method 1014, Test Condition A 
orB 
Method 1014, Condition C 


Method 1015, per applicable 
device specification, 160 hrs @ 
+ 125°C 


Per applicable device specification 


9) External Visual Inspection Method 2009 
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MIL-STD-883, METHOD 5004, CLASS B 
PRODUCT FLOW SEMICONDUCTOR PRODUCTS 


Bipolar CMOS 

Process Operation Integrated Integrated 

Flow Description Circuits Circuits 
eee eee Wafer Trim (Applicable Products) xX X 
& Monitor Wafer Trim X X 
fhe cs eee dl Wafer Probe X Xx 
& Monitor Wafer Probe X X 
ae Saw/Scribe and Break X X 
| & Monitor Saw/Scribe X X 
| hin ow ee Dice Sort X X 
/\ Dice Visual Inspection X X 
— Dice Lot Acceptance, MIL-STD-883, X X 

Method 2010, Condition B 
bn ee Die Mount X X 
e. Monitor Die Motint X Xx ; 

TT] ~~ Wire Bond x x 
| & Monitor Wire Bond (Visual) X X 
& Monitor Wire Bond (Mechanical) X X 


Legend: [-) Manufacturing Operation A Manufacturing Inspection © Quality Control Inspection 
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Process 
Flow 


Operation 
Description 


Pre-Trim Bake (Package Trimmed 
Products) 


Trim (Package Trimmed Products) 


Monitor Laser Trim 


Visual Inspection 


Q.C. Precap Visual 1% AQL, 
MIL-STD-883, Method 2010, 
Test Condition B 


Stabilization Bake 
Cap/Seal 


Monitor Cap/Seal 


Electrical Testing, 
Ta = 25°C, Tmin» Tmax 


Stabilization Bake 24 hrs. at +150°C, 
Method 1008 


Temperature Cycle, Method 1010, 
Test Condition C, 10 Cycles, 
-65°C to +150°C 


Constant Acceleration, Method 2001, 
Test Condition E, Y1 plane 30,000G 
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Bipolar CMOS 
Integrated Integrated 
Circuits Circuits 
xX N/A 

xX N/A | 
X N/A 
X X 

X xX 

xX N/A 
X xX 

X xX 

xX xX 

xX xX 

xX X 

xX X 


| Bipolar CMOS 
Process Operation Integrated Integrated 
Flow ! Description Circuits - Circuits 
oe Fine Leak Test, Method 1014, X . X 
Test Condition A 
[ee ee ed Gross Leak Test, Method 10 14, X X 
Test Condition C | 
@ Q. C. Data Review X X 
ie nes ot Pre-Burn-In Electrical Test (Optional) X X 
oe oe Burn-In Test, Method 1015, X X 
160 hrs, at 125°C 
Ee. 4 Final Electrical Test, Ta = 25°C, X xX 
eed Brand and Cure X X 
& Monitor Brand | X X 
/\ 100% External Visual X xX 
& Q, C. Lot Acceptance, Method 2009 X X 
[oo Transfer to Bonded Stock X. X 
oe ee al Ship to Customer X X 
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er a ee SSS SSS SP 


MIL-STD-883, METHOD 5008 
PRODUCT FLOW HYBRID PRODUCTS 


Microelectronics | Computer Labs 


. Division Division 
Process Operation Suffix “883” Suffix “B” or “883” 
Flow Description Components Components 
| Direct Material, 100% Tested at xX X 
Wafer Level 
Q, C. Sample Inspection N/A X 
of Incoming Material 


ae: Kit Preparation and Issue X xX 
“BATH TUB” PACKAGE Thick Film Substrate/Package Prepara- X xX 
ulead Aoleulsentaters tion for Al or Au Wire Bonding 


& Kit Inspection X X 
eee cee eel | Remove Lead Frame | X N/A 
cee es Adhesive Application X X 
iar Die Attach x _ x 

& Q, C. Monitor X | N/A 


a Adhesive Cure x x 
‘BATH TUB” PACKAGE 


“BATH TUB” PACKAGE : - : 
“PLATFORM” PACKAGE Adhesive Cure 


&. Q, C. Monitor X N/A 
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Microelectronics | Computer Labs 
Division Division 


Process Operation Suffix “883” ~ Suffix ““B” or “883” 
Flow Description Components Components 
Se Wire Bond x x 
. > Monitor Wire Bond X N/A 
& Pre-Cap Visual N/A xX 
es ok ane ot wiser acl Functional Test X X 
TRIMMED - 
+ Q C. Monitor (Trimmed Products) X- x 
TRIMMED - 
Pre-Seal Functional Test X N/A 
Tl Pre-Seal Visual x N/A 
S Q, C. Pre-Seal Visual, Method 2017 X X 
aa ee Pre-Seal Bake x X 
eee Seal X X 
> Q. C. Monitor X N/A 
ae Stabilization Bake, Method 1008, X N/A 
24 hrs, at +150°C, Condition C 
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Microelectronics Computer Labs 


Division Division 
Process Operation Suffix ‘‘883’’ Suffix ‘‘B’’ or “883” 
Flow Description Components Components 
Temperature Cycle, Method 1010, X x 
fe al Test Condition C, 10 Cycles (-65°C to (-55 C to 
+150°C) +125°C) 
Constant Acceleration, Method 2001, x X 
eel Y1 plane, per Applicable Device 
Specification 
a Fine Leak, Method 1014, X X 
Test Condition A or B 
oe te Gross Leak, Method 1014, XxX X 
Test Condition C | 
Operating Burn-In, Method 1015, X X 
eae 160 hrs, at +125°C (At Max Operating 
Temperature) 
fs eee oe Final Electrical Tests X X 
es x x | 
/\ External Visual, Method 2009 x x 
es ee x x 
> | Outgoing Q. A. Lot Acceptance X N/A 
el Transfer to Bonded Stock X X 
Poe ee Ship to Customer X X 
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The products listed in the following tables meet the requirements 
of MIL-STD-883, Methods 5004 and 5008, Class B. The tables 
only include products described in this catalog, other products 
are available. Please contact your local salesman for information. 


BIPOLAR INTEGRATED CIRCUITS PROCESSED TO 
MIL-STD-883, METHOD 5004, CLASS B 


ADS503SH/883B 
AD504SH/883B 
ADS506SH/883B 
ADS07SH/883B 
ADS509SH/883B 
ADS510SH/883B 


AD517SH/883B 
AD518SH/883B 
AD521SD/883B 
AD524SD/883B 
AD532SH/883B 
AD533SD/883B 


AD533SH/883B 
AD534SD/883B 
AD534SH/883B 
AD534TD/883B 
AD534TH/883B 
AD536ASD/883B 


AD536ASH/883B 
AD537SD/883B 
AD537SH/883B 
AD539SD/883B 
AD542SH/883B 
AD544SH/883B 


AD547SH/883B 
AD558SD/883B 
AD558TD/883B 
AD561SD/883B 
ADS561TD/883B 
AD562SD/BCD/883B 


AD562SD/BIN/883B 
AD563SD/BCD/883B 
AD563SD/BIN/883B 
AD563TD/BCD/883B 
ADS563TD/BIN/883B 
AD565ASD/883B 


ADS565ATD/883B 
AD565SD/883B 
AD565TD/883B 
AD566ASD/883B 
ADS5S66ATD/883B 
AD566SD/883B 
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AD566TD/883B 
AD570SD/883B 
AD571SD/883B 
AD573SD/883B 
AD574ASD/883B 
AD574ATD/883B 


AD574AUD/883B 
AD580SH/883B 


~ ADS80TH/883B 


AD580UH/883B 
AD581SH/883B 
AD581TH/883B 


AD581UH/883B 
AD582SD/883B 
AD582SH/883B 
AD584SH/883B 
AD584TH/883B. 
AD589SH/883B 


ADS589TH/883B 
ADS589UH/883B 
AD590JF/883B 
AD590JH/883B 
ADS90KF/883B 
AD590KH/883B 


ADS590LF/883B 
AD590LH/883B 
AD590MF/883B 
AD590MH/883B 
AD642SH/883B 
AD644SH/883B 


AD647SH/883B 
AD650SD/883B 
AD673SD/883B 
AD741SH/883B 
AD1508-8D/883B 
AD1508-9D/883B 


AD DAC08AD/883B 
AD DAC08D/883B 
AD OP-07AH/883B 
AD OP-07H/883B 
ADVFC32SD/883B 
ADVFC32SH/883B 


CMOS INTEGRATED CIRCUITS PROCESSED 
TO MIL-STD-883, METHOD 5004, CLASS B 


AD7111TD/883B 
AD7111UD/883B 
AD7118TD/883B 
AD7118UD/883B 
AD7501SD/883B 
AD7502SD/883B 


AD7503SD/883B | 
AD7506SD/883B 
AD7506TD/883B 
AD7507SD/883B 
AD7507TD/883B 
AD7510DISD/883B 


AD7511DISD/883B 
AD7511DITD/883B 
AD7512DISD/883B 
AD7512DITD/883B 
AD7520SD/883B 
AD7520TD/883B 


AD7520UD/883B 
AD7521SD/883B 
AD7521TD/883B 
AD7521UD/883B 
AD7522SD/883B 
AD7522TD/883B 


AD7522UD/883B 
AD7524SD/883B 
AD7524TD/883B 
AD7524UD/883B 
AD7525TD/883B 
AD7525UD/883B 


AD7527GUD/883B 
AD7527TD/883B 
AD7527UD/883B 
AD7528SD/883B 
AD7528TD/883B 
AD7528UD/883B 


AD7533SD/883B 
AD7533TD/883B 
AD7533UD/883B 
AD7541SD/883B 
AD7541TD/883B 
AD7542SD/883B 


AD7542TD/883B 
AD7543SD/883B 
AD7543TD/883B 
AD7544GTD/883B 
AD7544SD/883B 
AD7544TD/883B 


AD7545GUD/883B 
AD7545SD/883B 
AD7545TD/883B 
AD7545UD/883B 
AD7574SD/883B 
AD7574TD/883B 


ADG200AA/883B 
ADG201AP/883B 
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HYBRID CIRCUITS, MANUFACTURED AT THE HYBRID CIRCUITS, MANUFACTURED AT THE 
MICROELECTRONICS DIVISION, PROCESSED TO COMPUTER LABS DIVISION, PROCESSED TO 
MIL-STD-883, METHOD 5008 MIL-STD-883, METHOD 5008 


AD346SD/883B ADLH0032G/883 
AD362SD/883B ADLH0033G/883 
AD363SD/883B ADSHC-85ET/883 
AD364SD/883B HAS-0802MB 
AD364TD/883B HAS-1002MB 
AD370SD/883B HAS-1202MB 
AD371SD/883B HDD-0810MB 
AD380SH/883B HDD-0810CMB 
AD381SH/883B HDD-1015MB 
AD382SH/883B HDD-1015CMB 
AD390SD/883B HDD-1206SM/883 
AD522SD/883B HDG-0405/883 
AD572SD/883B HDG-0605/883 
AD579TD/883B HDG-0805/883 
AD579ZTD/883B HDH-0802MB 
AD2700SD/883B HDH-1003MB 
AD2700UD/883B HDH-1205MB 
AD2701SD/883B HDS-0810EMB 
AD2701UD/883B HDS-0820MB 
AD2702SD/883B HDS-1015EMB 
AD2702UD/883B HDS-1025MB 
AD3554SH/883B HDS-1240EMB 
AD3860SD/883B HDS-1250AB 
AD5201TD/883B — HOS-050AB 
AD5202TD/883B HOS-050B 
AD5204TD/883B HOS-100SH/883 
AD5205TD/883B HTC-0300MB 
AD5211TD/883B HTS-0025MB 
AD5212TD/883B 

AD5214TD/883B 

AD5215TD/883B 

AD5240SD/883B 

AD5240ZSD/883B 


AD ADC85S-10/883B - 
AD ADC85S-12/883B 
AD ADC85SZ-10/883B 


AD ADC85SZ-12/883B 

AD DAC85MIL-CBI-I/883B 
AD DAC85MIL-CBI-V/883B 
AD DAC87-CBI-1I/883B 

AD DAC87-CBI-V/883B 
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2-Pin Packages 
H2A 
F2A 


3-Pin Packages 
TO-5 
TO-52 


8-Pin Packages 
TO-99 
HO8A (TO-99 Style) 
HO8B (TO-99 Style) 
HO8C (TO-3 Style) 
N8A 


10-Pin Package 
TO-100 


12-Pin Package 
H12A (TO-8 Style) 


14-Pin Packages 

D14A 
D14B 
N14A 
N14B 
Q14A 

- HY14A 
HY14B 
HY 14C 
HY14D 


16-Pin Packages 
D16A 
D16B 
N16A 
N16B 
Q16A 
Q16B 


18-Pin Packages 
D18A 
D18B 
N18A 
N18B 
Q18A 
HY18A 


20-Pin Packages 


D20A 
D20B 
N20A 
N20B 
Q20B 
HY20A 


24-Pin Packages 


D24A 

N24A 

HY24A 
HY24B 
HY 24C 
HY24D 
HY 24E 
HY24G 


28-Pin Packages 


D28A 
D28B 
N28A 
HY28A 
HY28B 


32-Pin Packages 


HY32A 
HY32C 
HY 32D 
HY32E 
HY 32F 
HY32G 
HY32H 


40-Pin Packages 


D40A 
N40A 
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Package Information 


| 2-PIN PACKAGES , 
ge H2A F2A ; 
2-Lead Metal Can Package 2-Lead Flat Package 


POSITIVE 


LEAD 
0.017 £0.002 inoICATOR 
0.209 a ; (0.43 £0.05) =z | 
0.10 (2.54) . mayo 
0.195 (4.95) pq — fan ef q =) a2 
oan 


t 0.06 20.005 
| | 0.150 (3.81)  (4.2720.13) 
0.125 (3.17) 4_ 
45° 
0.028 (0.71) 
’ oes aH Fr ae eects cere 
0.500 (12.7) (12.69) 0.230 (5.84) 
MIN 
0.036 (0.91 O018 {os} aia | 0.05 “S-o00s 


ea 0.050 *9.000 
(1.27 *0,000 


36 *0.000 
-0:300 


< 


BOTTOM VIEW 


3-PIN PACKAGES 


TO-5 Package TO-52 Package 


0,07 (1,78) — 
0.066 (1.68) 0.362 (9.19) pia. 
DIA. HOLE (2) Dit2) 0.205 (5.20) 


Se (DIA: 
(GLASS FILLED) 0.230 (5.84) 
0.2 (5.08) 
_~ 2] DIA. | 


0.196 (4.98) 
pach hacen ca 0.115 (2.9 
0.178 (4.52) ae 5 (2.92) 


0.15 (3.81) 
0.1 
(2.54) 
0,033 (0.84) | 
a (0.74) Nc pins 


BUTT-WELDED 


45° YY 
R TO CASE 0.015 (0.38) 0.5 ae 
0.019 (0.48) D'A 
0,038 (0,97) . 


0.032 (0.81) 
BOTTOM VIEW 


0.05 (1.27) 
0.1 (2.54) 


= 
0.305 (7.75) | 
0.017 (0.43) 


0. ie 4.72 0.013 (0.33) Eout 
0.178 (4. sae aeea 


° 
| 9.036 (0.91) 4 0.05 (1.27) 
0.046 (1.17) WI 
ca 7) 
0.028 (0.71) 
0.016 (0.41) 0.048 (1.22) 
BOTTOM VIEW 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 
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8-PIN PACKAGES 


TO-99 Package HO8A Package (TO-99 Style) 
; (JEDEC REF MO-002AB) 
Ks 0.325 (8.25) a 
Ks 335 0.335 (8.50) a | 0.2 TYP ec 305 (7. 7a | 
S308 781 305 (7. 731 | (5.1) 
0.04 MAX 0.028 (0.711) 
0.185 (4.70) ay 0) = rN 0. Oe 0.260 (6.6) 0.020 (0.51) ate 51) . ~N 
0.165 (4.19) a nt 0 4 45° EQUALLY 0.240 (6.1), - n 0.034 (0.86) | SPACED 
0.045 (1.1) SPACED 0.028 
0.028 (0.7) 
0.020 (0.51) H \ 
‘ 0.5 MIN 0. +. MIN 
es 70) ae (12, ae 1 o “c. 0) 
0.06 MAX (1.27) 
RS 8 LEADS Vig 0.034 (0.86) l 20.580 19:18) NY 8 LEADS CTL EGET 
0.335 (8.50) - 0.019 (0.48) 3028 (071) 0.351 (9.06) 0.019 (0.48) 
0.016 (0.41) OA aera ore 0.016 (0.41) BOTTOM VIEW 
HO8B Package (TO-99 Style) HO8C Package (TO-3 Style) 
(JEDEC REF MO-006AH) 
1,18 (29,89) 
1.20 (30.41) 
(2.92) 
0.165 (4.20) 0.50 MIN 
0.185 (4.70) (12.7 MIN) Vie TYP (5.84) 
0.10 4'b3 
0.335 (8.50) ——] “ (2.54) (26.9) 
0.370 (9.40) —— 0.40 (10.16) MAX 
0.305 (7.78) — 70 \Y : - () pene 
0.355 (9.00) : 0.029 (0.74) .25 
= ° x ae 0a fia) (6.36) 


° 
0.04 
aNd (101) “> f 
i. o2 ae =I 2 45° 0.028 (0.71) 
oon 025) BOTTOM VIEW opaa(oae) 0 
alee 0.040 (1.02) 


SEATING PLANE BOTTOM VIEW 


151 (3,83) 
0.161 (4,09) 


N8A Package 


0.39 (9.91) aging 0035 +0.01 
| 0.18 +0.03 $0 40.06 
Pere (0.89 £0.25) 


57 £0. 0.18 (4.57) MAX 

8.38 0.011 £0.003 

(6.38) | 0.125 (3.18) MIN Om £0. 

(0.28 +0.08) 
| 0.31 t 
(7.87) 
{ 0.033 (0.84) 0.018 +0.003 L-0.30 (7.62)-~| 

NOM REF 


0.10 (2.54) (0.46 £0.08) 
TyP 


10-PIN PACKAGE 12-PIN PACKAGE 


TO-100 Package H12A 
12-Lead Metal Can Package 
(TO-8 Style) 


0.23 (5.84) 
ae -—o. 55 (14) | 5 
(0.64) 0.165 7 
4 5 


REF PLANE 
0.165 (4.19) 
0.185 (4.70) 


0.115 (2.92) 


0.335 (8.51) 
(9.40) 


8° 


0.308 (7.78) (4.2) 0.8 
SaeEEoS, 03 1 aA, (18.24) 
bole SC Ae | | oe 
23 (071 (9.5) LONG, MIN a Sees 
0.032 (0.81) 0.016 (0.41) oy Orit 0.028 (0.71) 9.5 ‘ ote 3 
z 0.088 (2 a sme is 0.021 (0.53) ' 0.034 (0.86) (0.46) DIA 2 i. 
0.016 (0.41) | 
0.04 (1.01) 0.019 0.48) °™*)  portom view ee id 0.10 
SEATING cial (2.5) 


BOTTOM VIEW 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 
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14-PIN PACKAGES 


D14A 
14-Lead Ceramic Package 


0.040R (1.02) 
0.30 (7.62) 


0.095 (2.41) 


D14B 


14-Lead Ceramic DIP Package 


| 0.76 0.76 (19.31) | 
‘O71 (18.03) (18.03) 


0.3 (7.62) 
0.275 (7.08) 


0.12 (3.05) 
0.06 (1.53) 


0.600 (15.24) BSC 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 
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(4.32) 
0.085 (2.16) | ia 
j 0.180 +0.030 
(4.57 £0.76) { pelt A acid 0.012 (0.305) 
0.125 (3.18) 0.008 (0.203) 
0.047 +0.007 ale ne] J 01 (2.54) 
(1.19 £0.18) A604 | 
0.017 --9'002 
“9.98 0.06 (1.53) 0.02 (0.508) 0.105 (2.67) 0.306 (7.78) 
(0.4325 0.045 (1.15) 0.015 (0.381) 0.095 (2.42) 0.294 (7.47) 
N14A N14B 
14-Pin Plastic DIP Package 14-Pin Plastic Package 
0.310 0.250 0.26 (6.61) 
(7.87 (6.35) 0.24 eae 
0.300 0.75 (19.31) vocad 0,306 7:78) 
i Dera ree = fe saad 0.74 (18.79) “4 0.264 (7.47) us 1 
le 0.14 (3.56) 
MAX 3 32) 0.12 (3.05) 
0.175 (4.45) aoe 
0.210 i PETAGRS) ‘ 
a 175) 0.13 (3.05) =F 05) = 
pal Sale =| Ls, 7 0.008 (0,203) 0.012 (0.305) 
0.014 (0.356) 0.008 (0.203 
a0 2.016 10.381) 0.100 : 0.065 (1.66) 0.02 a == 0. ma (2.67) 9.008 10;203) 
ea) Ue ObS3) (2.54) 0.095 (2.42) 
Somnuy 0.045 (1.15) 0.015 (0.381) —-0.095 (2.42) 
Q1I4A 
14-Pin CERDIP Package 
0.760 +0.006 
| (19.30 #0.152) | 
0.310 0.268 +0,003 
(7.87) (6.807 +0.076) 
0.035 +0.010 
0.148 +0.015 
(0.889 +0.254) (3.76 10.38) 
0.180 £0,030 0.010 
(4.57 £0.76) ee evel (0.254) 
0.300 
0.032 a 0.100 BSC (7.62) 
(0.812) 0.018 (0.457) (2.54) REF 


14-PIN PACKAGES 


e 
(Continued) 
e e e e 
14-Pin Hybrid Package 14-Pin Hybrid Package 
0.780 (19,812) 0.780 (19.812) 
0.800 (20.32) 0.800 (20.32) 
0.765 (19.431) 
0.704 (18.898) 118.298) 0.785 (19.939) 
: 0.270 (6.858) 0.278 (7.061) 3 9 
| | 0.290 (7.366) 0.298 (7.569) 0.318 (0.077) 
0.424 (10.770) 0,480 (12,192) f 
0.436 (11.074) 0.500 (12.7) 
9.102 (2.591) 
0.118 (2.997) 
BASE 
BASE i PLANE 0.035 (0.889) 0.030 (0.762) 9.175 (4 
PLANE 0.020 (0.508) MAX 0.195 (4.953) 
0.030 (0.762) 0.190 (4,826) 
0.210 (5.334) SEATING 
SEATING PLANE 
PLANE 
4 
GAUGE 
0.030 aa x #2155461) PLANE 9.035 (0.889) 0.045 (1.143) 
(0.762 0.045 (1.143) : 
GAUGE 0.035 (0.889) 6 : 0.055 (1.397) 
PLANE 0.045 (1.143): Le 9.085 (1.143) 
0.020 (0.508) 4 
0.016 10.406) 020 (0. 0.095 (2.413) 
0.020 (0.508) 4 : 0.105 (2.667) 
0.115 (2.921) 
0.060 (1.524) 
0.095 (2.413) 0.080 (2.032) 
0.105 (2.667) 
0.009 (0.229) 
9.009 (0.229) is / AED) 
\ 0.012 (0.305) \ 
15° ‘Y 
~~ ‘ Hed 9.79017.386) | 
0.310 (7.874) 
0.290 (7.366) 
0.310 (7.874) 
HY14C : HY14D 
e e e 
14-Pin Hybrid Package 14-Pin Metal DIP Package 
0,780 (19.812) 
0.800 (20.32) 
0.872 (22.1) 
eee eee -K 0.868 (22.0) 
| 0.500 (12.7) 1 
0.496 (12.6) - = 
0,470 (11,938) 0.485 (12.319) 
0.480 (12.192) 0.505 (12.827) | eve lo ao 3 
el PIN 1 IDENTIFIER 
PLANE 0.020 (0.508) ners | (3.43 £0.05) 
E 
0.030 (0.762) ” 0,195 (4.953) 
0.215 (5.461) 
SEATING 0.195 (4.95) 0.025 (0.64) 
ee ee 0.165 (4,191) 0.175 (4.45) 
0.185 (4.699) 
0.255 (6.48) 
GAUGE _/. 0.035 (0,889) 0.185 (4.70) 
PLANE 0.045 (1,143) ; : 
BGte 1183) J Ih 0.055 (1.397) 
0.020 (0.51) 
0.016 (0.406) GLASS BEAD STAND-OFF — June pine! 
0.020 (0.508) 0.005 (2.413) (3PLACES) OPTIONAL —9. 405 (2.67) | *—~ 0.016 (0.41) 
5 , 0.095 (2.41) 
0.080 (2.032) , 
0.100 (2.54) 


‘ 


0,009 (0.229) 
\ 0.012 (0.308) 


\ 
\ 


0.290 (7,366) 
0.310 (7.874) 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 


PACKAGE INFORMATION VOL. |, 20-5 


16-PIN PACKAGES | : 


D16A-_ 
16-Pin Ceramic DIP Package 


Gade i halo con; 159) 
| (10.922) | EEE 37 + = 0.254) CEC 7) + 0.05) 


(7.874 + 0.254) (6 7) 


0.300 (7.62) 
REF 


Ee 0.095 (2.41) 


amet 
<_< 


aie a AB + oi ete 175) 
(1. i + 0. KER 0.43 *. ee) 
0.100 (254) BSC 
0.700 (17.78) BSC 


N16A 
16-Pin Plastic DIP Package 


ey (22.1) MAX | 


0.25 0.31 
(6.35) (7.87) 


0.035 
(0. 89) —ahe 
1 a ts 
0.18 
(4.57) i fe a MIN es pu 


To. 4h 


0.018 (0.46) 0.033 (0.84) 0.1 (2.54) 


Q16A 
16-Pin CERDIP Package 


0.025 (0.635) R 
ALTERNATE _t 
PIN 
IDENTIFIERS 0.268 + 0.003 
(6.81 t 0.076) 


0.760 + 0.006 | 
{ | . (19.30 + 0.15) | 
0.035 + 0.010 


0.148 : 0.015 (0.89 £ 0.25) 

(3.76 + 0.38) a 
0.180 + 0.030 = j ‘ ee 
(4.57 £0.76) i s 0.010 


ee sa) Fae x 0.300 REF 
0.018 (7.62) 
(0.46) 


D16B 
16-Pin Ceramic DIP Package 


0.30.82), 
0.28 (7.12) 


| 0.81 0.81 (20.58) 58) | 0.12 (3.05) 
0.77 (19.56) (19.56) 0.06 (1.53) 


0.17 (4.32) 
su na ee PT 
| O17 48) 0.012 (0.308) 
— = 0.008 (0.203) 
0.06 (1.53) 0.02 (0.508) «een | 0.306 (7.78) | 
0.046 (1.15) 018 (0.381) (0.095 (2.42) 0.294 (7.47) 
N16B 


16-Pin Plastic DIP Package 


0.26 (6.61) 
0.24 (6.1) 


id 0.765 (19. 0.766 (19.18) | 0.306 (7.78) 
0.746 (18.93) (18.93) “| 0.294 (7.47) 
0.14 (3.56) 


0.17 (4.32) fetta elds IS 
0.12 (3.05) 
0.175 (4.45) 
0.12 (3.05) 18° 
0 
L, 0.012 (0.305) 
0.065 (1.66) 0.02 (0.508) 0.105 (2.67) 0.008 (0.203) 
0.045 (1.15) 0.015 (0.381) 0.095 (2.42) 
Q16B 
16-Pin CERDIP Package 
0.30 (7.62) 
0.24 (6.1 
0.32 (8.128) 
| 0.785 0.785 (19.94) 94) | 0.29 (7.366) 
0.75 (19.05) 
0. = aan §72) 
0.155 (3.937) MIN 0.1 


ago S08 | E ) 201s (0.38) 
car. ae ae 


0.07 (1.778) 0.023 (0.584) 0.11 (2.794) 15° 
0.03 tp 762} 0.015 (0.381) 0.09 (2.28) 0 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 


VOL. |, 20-6 PACKAGE INFORMATION 


-18-PIN PACKAGES 


D18A 
18-Pin Ceramic DIP Package 


0.9 £0.01 (22.86 +0. sal 


0.04 nga) 0.43 (10.92) 
0. mc 
0.31 +0 i +0,01 
(7,87 ieee | (7. ge 


gear 085 (2.06) 


D18B 
18-Pin Ceramic DIP Package 


-93.0.62) 
0.28 ae 


|._— sg o.st (2312 toe 012 (3.08) 
0.095 (2.41) 0.89 0.89 (22.61) 0.06 (1.53) 
0.18 +0.03 ae 01 $0,002 
(4.57 £0.76) (0.25 +0.05) ' 
1 0.035 +0.01 0.7 4. 6.32) 
ee +0.25) a @ 
+0.003 T Ours Ae) 0.012 (0.305) 
i AT 
0.032 >| 0.017 _o'002 0.125 (3.18) , 0.008 (0.203) 
(0.81) 0.1 (2.54) 0.047 +0.007 0,43 *0.08 | 
(1.19 $0.18) ( -0.05 hae Leg ag! 
0.8 (20.32) obo s5e) -0.02 (0.508) 0.105 (2.67) 0-308 17:78) 
0.046 (1.15) 0.015 (0.381) 0.095 (2.42) 0.294 (7.47) 
N18A N18B 
e e e e 
18-Pin Plastic DIP Package 18-Pin Plastic Package 
es 0.920 (23.368) MAX oe 
_ 0.26 (6.61) 
| | 0.24 (6.1) 
(635) aya) 
i 87: 
i TAY ARY, 
3 0.91 (23.12) | 0.306 (7.78) 
0.89 (22.61) | satom 294 wan Tf 


0.035 +0.010 
(0.889 £0.254) (3872) 2. Fate a 
| +572 0.18 AN 58) 0.12 (3.05) = 05) 
ea 125 0.011 +0.003 \  t- 
£0.76: : .! . 
i ae Mesh ioe) Taw 
0.300 = 
—|— --| - | (7°62) —-| j 
Me 0.018 +0,003 0.100 REF ie Loge 0.012 (0.305) 
(0.838) (0.457 £0.076) (2.54) 0.065 (1.66) 0.02 -||- 508) 0.105 (2.67) 0.008 (0.203} 203) 
0.045 (1.15), 0.015 (0.381) 0.095 (2.42) 
: 18-Pin CERDIP Package 
0.310 (7.874) 
0.260 (6.604) 
pene 0.950 (24.13) MAX al one 0.200 (7368) 
0.060 (1.524) 
0.015 (0.381) 


a 


wot cathe 


ooteto: SACRE 


ddo0- ee) 286) 


i 
0.140 (3.556) 
_ here 125 (3.175) 


8 030 0950-10768) To 


obs (o-0s 


are 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 


PACKAGE INFORMATION VOL. I, 20-7 


18-PIN PACKAGES 
(Continued) 


HY18A 
18-Pin Hybrid Package 


0.977 (24.816) 
1.007 (25.578) 
0.930 (23,622) 
0.950 (24.13) 


0.425 (10.795) 
0.445 (11.303) 


BASE 
9.015 (0.381) 
PLANE \\ 0.035 (0.889) 
SEATING 
GEERT 


PLANE 
9.016 (0.406) 
0.020 (0.508) 


0.190 (4.826) 
0.210 (5.334) 


GAUGE 
PLANE 


0.045 (1.143) 
0.065 (1.397) 


9.095 (2,413) 
0.115 (2.921) 


0.196 a.953) 
0.215 (5.461 


0.096 (2.413) 
0.106 ‘a 


ma) 


9.009 (0,229) 
\ 0.012 (0.305) 


“oe PES CREAZ (7.874) A 


20-PIN PACKAGES 


D20A 
20-Pin Ceramic DIP Package 


eis (10.16) sai 


0.300 (7.62) 
0.320 1 | 13) 


0.280 (7.11) 
1.010 Toro Eee) 65) 
— : 


0.150 (3.81) 
0.210 (5.33) 
0.015 (0.38) 0.040 (1,01) 
0.020 (0.51) 


0.054 (1.37) 


0.10 
(2.54) 


0.095 
(2.41) 


T 


9.008 (0.20) 
0.012 (0.30) 


| 


Lee 0.300 (7.62) 


D20B 
20-Pin Ceramic DIP Package 


0.290 +0.008 
(7.37. +0.20) 


1.000 +0.010 
(25.40 +0.25) 


0.085 +0.009 
(2.16 £0.23) 
abs 
(4.45) 
+0.002 >| 0.100 +0.005 
+ 0.05) (2.54 +0.13) 


0.50 (1.27) TYP 


0.900 +0.005 
(22.86 +0.13) 


TOL NON ACCUM 


0.300 +0.010 
(7.62 +0.25) 


+ 0.002 
0.010 | 9001 


+0.05 
(0.25 * 0-05 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 


VOL. 1, 20-8 PACKAGE INFORMATION 


20-PIN PACKAGES 


(Continued) 
N20A N20B 
20-Pin Plastic DIP Package 20-Pin Plastic DIP Package 
0.310 0.250 0.255 (6.477) 
(7.874) (6.350) 0.245 (6.223) 


TYP | 
| 1.07 (27.18) = | 
pee 1.070 (27.18) Sisal MAX 


0,026 (0,635) s aaa 
0.045 (1.143) 


0.145 “tL _L 683) MIN 


(3.18) 0. 2. oe 175) 
AUR ele Te te a AUR BN Le 


0.033 0,015 (0,381 0.100 0.065 Diossatse) 0.021 (0.533) 0.11 (2.79) 
(0.838) ooo teses: (2.54) 0.045 (1.15) 0.015 (0.381) 0.09 (2.28) 
TYP TYP 

0.32 (8.128) 
0.300, ag t eae ae 
0.180 0.135 (3.429) 
(4.572) 0.125 (S17), 
MAX 
i} 9.008 (0.203) | 0.011 (0.28) 
0.014 (0.356) 0.009 (0.23) 
e ee 
1s 0 
Q20B HY20A 
20-Pin CERDIP Package 20-Pin Hybrid Package 


0.28 (7.11) 
024 6.17 
= =| 
| 0.97 (24.64) 
0.935 (23.75) 


0.20 (5.0) TOP VIEW 
0.14 (3.56) 


eT = 


0.07 (1.78) 0.02 (0.5) 0.11 9.17 (2.79 
0.05 Teeth 0.016 MCLELLAN 0.09 (2.28) 1.1 a 
0.357 0.1 {28.16} 0.021 
(9.14) (2.56) (0.54) 
MAX 
0.32 (8.128 
{ pa = wer 
(17.18) 
0.14 (3.56) | | 
0.125 (3.17) oa7o 


(1.79) 


0.290 (7.42) 


0.200 | 

; (5.12) 

15° 0.600 (15.36) 

0 MAX 

RECOMMENDED MATING SOCKET: AUGAT 
NO. 240-AG39D (TO PRESERVE THE HIGH 


CMV INTEGRITY OF THE AD293/AD294 RE- 
MOVE ALL UNUSED SOCKET PINS.) 


0.011 (0.28) 
0.009 (0.23) 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 


PACKAGE INFORMATION VOL. I, 20-9 


24-PIN PACKAGES 


D24A 
24-Lead Ceramic DIP Package 


NO. 1 LEAD 
IDENTIFIER 


— 1.210 £0.01 
(30.73 £0.254) ] 


t 

t 1 
DETAIL A ach af 
By 


0.095 
(2.41) 


0.051 (1.29) 
0.085 . 045 (1. Ae 
(2.16) 05 (1.27 


SEATING of 
0.128 
(3.25) FEANE a 


0.011 £0.001 0.08 (2.0) 


(0.28 +0.03) 


0.6 (15.24) 0.017 (0.43) 
DETAILA 
HY24A 
24-Pin Hybrid Package 
1 bel 


paee tee 


0,600 (15.24) 
0.620 (15. 748 


0.040 (10,16) 
0.060 (1.524) Tees 090 (2. lel ee 
BASE 
PLANE | —oT 72) agate grat 
MAX wie 200 (5.08) 
SEATING 
PLANE ee iis | Gum | umn | un | Gm | G1 | | Ql | 
GAUGE _ 
PLANE on | | |ne- ja 


oes 14388) (4.699) 
9.035 (0,889) 9.016 (0,406) 0.096 (2.413) 0.045 (1,143) 
0.045 (1.143) 0.020 (0.508) 0.105 (2.667) 0.085 (1.397) 


=o 
+ 


0.009 (0.229) 
\ 0.012 (0.305) 


\ 


0.080 (2.032) 


ise 


0.590 (14.996) a 
0.610 (15.494) 


N24A 
24-Lead Plastic Package 


0.55 (13.97) 
0.53 (13,47) 


TAT AAT AY, 
1.25 (31.75) | 
1.24 (315) 
(5.08) 
MAX ] 
. h 
wel slaas 


Q065 (1.66) 0,02 (0.508) 0,105 (2,67) 


Se PRPRERIN 3.05 
0.045 (1.15) 0,015 (0.381) 0.095 (2.42) 


0.16 (4.07) 
0.606 (15.4) 0,14 (3.56) 
a 0.594 (15.09) | ] 


0,012 (0.305) 
0.008 (0.203) 


HY24B 
24-Pin Hybrid Package 


1.267 SECA an 
1.230 (31. TEESE 


7 


0.585 Bee Habe) 14.859) 


oon tie sen 


hee 0.620 (15. ze 


xe HEE PRLCAER a 
eee 0.030 | 
PLANE \ 

al M ELA 


SEATING 
PLANE 


GAUGE 
PLANE 9.165 (4.191) 
0.185 (4.699) 


9.035 (0.889) . 0,096 (2.413) 9.045 (1.143) 
0.045 (1.143) 0.020 (0.508) 0.105 (2.667) 0.055 (1.397) 


at Ie 
a a 


0.009 (0.229) 
|, 0.012 (0.306) 


0.110 (2.794) 


15° / 


seats | 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 


VOL, |, 20-10 PACKAGE INFORMATION 


24-PIN PACKAGES 


(Continued) 
_ HY24C HY24D 
24-Pin Hybrid Package 24-Pin Hybrid Package 
1.233 (31,318) 
1.267 (32.182) 
Tr 
Obes a a80 0,600 (15,24) 
0.620 (15.748) 


0,035 (0.889) 9.115 (2.921) 
0.065 (1.651) 0.136 (3.429) 
BASE 
0.030 
PLANE 
(0.762) 9,216 (5.461) 
MAX 0.245 (6.223) 
SEATING 
PLANE 


as i A : Aas a eta 


0.035 (0.889) 
0.045 (1.143) 0.020 (0.508) 0.105 (2.667) 0.055 (1.397) 


wan Ik 


0.110 (2.794) 


9,009 (0.229) 
0.012 (0.305) 


ise 
YL ageo regan | | 


HY24E 
24-Pin Hybrid Package 


1,280 (32.612) 
| 1.310 (33.274) | 


ee oo a ee 
| o 


0,600 +0.004 


(18-2626.10) by | progeny 


a ne | 


0.110 (2,794) 
0.135 (3.429) 


=D 


A eee 
| 
0.105 (2.67) Rae ee Soae to coat 


i 
0.028 (0.711) 


0.100 (2.540) 


_- HY24G 
24-Pin Hybrid Package 


1.265 (32.131) 
Zz 1.275 (32.385) 


0.23 (8,84) 

0.27 (6.85) 
0.095 (2.413) 0.016 (0,406) 
0.105 (2.667) 0.020 (0.508) 


Tt 


L 


9.090 (2,032) 
_ 20 


Dimensions shown in inches and (mm). 
‘Lead No. 1 Identified by Dot or Notch. 


PACKAGE INFORMATION VOL. I, 20-117 


D28A 
28-Pin Ceramic DIP Package 


[0.505 (12.83)-| 


| 1.42 (36.07) | 
1.40 (35.56) 


0.0177 +0.003 0.1 (2.54) 


0.047 £0.007 
1.19) (0.43) 


0.05 (1.27) 
0.045 (1.14) 


0.095 
0.145 £0.02 0.08 (2.0 
(2.41) (3.68) aa 
+0.010 Tae 
(1.27) 0.010 +0.002 h 
(0.254 £0.05) 0.126 MIN 


Jne—0.6 115.24) SEATING ! 


28-PIN PACKAGES 


N28A 


D28B 
28-Pin Ceramic Package 


0.598 (15.19) 
0.568 (14.43) 
aaa | 1.414 (36.92) | 
/ MAX 1.38 (35.06) 
sh | + [ 0.175 (4.45) 
0.065 (1.66) 0.02 (0.508) —_—0.105 (2.67) PETRA 
0.045 (1.15) 0.015 (0.381) 0.095 (2.42) 
0.06 (3.05) 
0.12 (1.53) 
0.012 (0.305) 
0.008 (0.203) 


1g ceceieat 
0.58 (14.74) 


28-Lead Plastic DIP Package 


0.55 (13.97) 


0.53 (13.47) 


t 


| ; 1.45 (36.83) | 
t 1.44 (36.58) 
0.2 


(5.08) 
MAX 


“ 


seen 


VOL. 1, 20-12 PACKAGE INFORMATION 


| 0.175 (4.45) 


0.065 (1.66) 0.02 (0.508) 0.105 (2.67) 0.12 (3.05) 
0.045 (1.15) 0.015 (0.381) 0.095 (2.42) : 
0.16 (4.07) 


0.606 (15.4) 0.14 (3.56) 
' 0.594 (15.09) | i] 


Wa 


15° 


0.012 (0.305) 
0.008 (0.203) 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 


28-PIN PACKAGES 
(Continued) 


HY28A 
28-Pin Hybrid Package 


1aee ere 
| : rie ieaait | =| 


0.580 (14,732) 
0.600 (15.24) 


9.600 (15.24), 
0.620 (15.748) 


0.135 e557} 


1 
0.060 (1.524) 
BAS 0.030 
PLANE (0.762) 
. 0.235 (5.969 
MAX roe easy 
SEATING 
PLAN am fa | pom | ||| | || | |G | 
GAUGE 
PLANE || | be 0.165 (4.191) 
0.185 (4.699) 


9.035 (0.889) 9.016 (0.406) : 
0.045 (1.143) 0.020 (0.508) 0.105 (2.667) 


pe 
oORe {9-585} 
= 


—, Sa 


0.009 (0.229) 
\ 0.012 (0.305) 


jp — er ease, od \ 


15°° / 


HY28B 
28-Pin Hybrid Package 


/-+-————— st (37. oa 


mi (14.732) 
0.600 (15.24) 
0.580 732) 
tee 0.620 te a 


0.150 (2.667) 
PRETERTLN 125 (3.175) 


BASE 
PLANE 0. 362) 0.365 (9.271) 
MAX 0.385 (9.779) 
SEATING 
Planes fj 
GAUGE 
PLANE 0.165 (4.191) 
0.185 (4.699) 
0.035 (0.889) 0.015 (0.381) 0.095 (2.413) 0.073 (1.854 
0.045 (1.143) 0.035 (0.889) 0.105 (2.667) 0.077 (1.956) 
at 0,060 (1,524) 
FF 0.090 (2.286) 


0.009 (0.229) 
\ 0.012 (0.305) 


"Y > — bee Heese) =| \ 


32-PIN PACKAGES 


HY32A 
32-Pin Hybrid Package 


1,680 (42.672) 
| mi 1.710 (43.434) | 


a a ie 
oe ad 


tty. | 1.090 (27.686) 
x 1.110 (28.19) 


(2.8) 0.210 (5.33) 


0.230 (5.84) 
9.200 (5.080) 
0.250 (6.360) 
0,095 (2.41 0.018 (0.457 
0.105 (2.67) 0.022 (0.558) 
0.020 (0.508) 
0.030 (0.762) 
0.100 (2.54 
0.110 (2.79) 


HY32C 
32-Pin Hybrid Package 


9oo0o00000000000000 


0.900 1.145 (29.08) 
(22.86) 1.155 (29.34) 
ooo 0000 000000000 
0.125 0.190 (4.83) 
(3.2) 0.200 (5.08) 


F ache sale 


0.095 (2.41 0.016 (0,496) 
See ert 0.020 (0.508) 


L 


0.120 (3.05) 
0.130 (3.30) 


Dimensions shown in inches and (mm). 
Lead No. 1 Identified by Dot or Notch. 


PACKAGE INFORMATION VOL. I, 20-13 


32-PIN PACKAGES 
(Continued) 


HY32D 
32-Pin Metal DIP Package 


. os 


an zs 


ce ee 


|» (44-2 
PIN 1: |= 44, 2) 


GREEN 
GLASS BEAD 


06 1.14 
(16.2) (29.0) 
GLASS BEAD 
STANDOFFS AO 000000000000000 
0.08(2.0) 
DIA,TYP = jo. 100, TYP 
(2.5) 
0.025 
(0.6) 
0.018 +0,002 


(0.46 £0.05) 


DIA, TYP a : ; 


HY32F 
32-Pin Hybrid Package 


1,584 (40.234) 
1.616 (41.046) 1.248 (31.699) 
ee 1.272 (32.309) 


0.880 (22.352) 


7 


0.900 (22.86) 
0.590 (14.986) 
0.610 (15.494) 0.900 (22.86) 
0.920 (23.368) 
0.040 (1.016) 0.130 (3.302) 
0.060 (1.524) 0.150 (3.81) 
BASE 0.030 
- PLANE i 762) 0.235 (5.969) 
* 0.256 (6.477) 
SEATING 


PLANE 


16 


GAUGE 
9.165 (4.191) 
ae =| aaa bw | 0.185 (4.699) 
0,035 (0.889) 0.016 (0,406) 
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ANALOG — 
DEVICES 


APPLICATION NOTE 


How to Select 
Operational Amplifiers 


INTRODUCTION 

In selecting the right device for a specific application, you 
should have clearly in mind your design objectives and a 
_ firm understanding of what published specifications mean. 
Beyond this, you should detail the significant variables that 
are pertinent to your application. The purpose of this sec- 
tion is to put these many decision factors into perspective 
to help you make the most meaningful buying decisions. 


To properly choose an operational amplifier for any given 
set of requirements, the designer must have: 


1. A complete definition of the design objectives. 

Signal levels, accuracy desired, bandwidth requirements, 
circuit impedance, environmental conditions and several 
other factors must be well defined before selection can 
be effectively undertaken. 


2. Firm understanding of what the manufacturer means 
by the numbers published for the parameters. 

Frequently, any two manufacturers may have compar- 
able publishéd specifications, which may have been ar- 


rived at using differing measurement techniques. This | 
creates a pitfall in op amp selection. To avoid these dif- 


ficulties, the designer must know what the published 
specifications mean and how these parameters are meas- 
ured. He then must be able to translate these published 
specifications in terms meaningful to his design require- 
ments. In the following discussion, Analog Devices pro- 
vides the designer: 1) a checklist which he can apply to 
his application to assure that all significant factors are 
taken into account; 2) meaningful definitions for each 
of our published specifications; and 3) illustrations of 
how the requirements of his design are translated in 
terms of these specifications to help make an effective 
and economical choice. 


APPLICATION CHECKLIST | 

By way of an application checklist, the designer will need to 

account for the following: 
Character of the application: The character of the appli- 
cation (inverter, follower, differential amplifier, etc.) will 
often influence the choice of amplifier. Chopper sta- 


bilized amplifiers, for example, are not generally appli- 
cable where differential inputs are required. 


Accurate description of the input signal: \t is extremely 
important that the input signal be thoroughly character- 
ized. Is the input a voltage source or current source? 
Range of amplitude? Source impedance? Time/frequency 
characteristics? 


Environmental conditions: What is the maximum range 
of temperature, time, and supply voltage over which the 
circuits must operate (to the required accuracy) without 
readjustment? 


Accuracy desired: The accuracy requirement determines 
the extent to which the foregoing considerations are 
critical, and ultimately points the way to a device (or 
series of devices) which are acceptable. Accuracy must, 
of course, be defined in terms meaningful to the applica- 
tion with regard to bandwidth, dc offset, and other 
parameters. 


SELECTION PROCESS 

In general, the objective of amplifier selection should be to 
choose the least expensive device which will meet the 
physical, electrical, and environmental requirements imposed 
by the application. This suggests that a ‘General Purpose’”’ 
amplifier will be the best choice in all applications where 
the desired performance requirements can be met. Where 
this is not possible, it is generally because of limitations 
encountered in two areas — bandwidth requirements, and/or 
offset and drift parameters. 


To make it easier to relate bandwidth requirements with the 
drift and offset characteristics, a capsule view of bandwidth 
considerations precedes the dc discussions below. The reader 
is then returned to an expanded discussion of gain-band- 
width considerations. 

Gain Bandwidth Considerations, A Capsule View 

Although all selection criteria must be met simultaneously, 
determination of the bandwidth requirements is a logical 
starting point because: 


A) If dc information is not of interest, a suitable 


- 
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blocking capacitor can usually be connected at the ampli- 
fier input and all of the “drift” specifications may be 
ignored, and 


B) Where high frequency (>10MHz) characteristics 
are of primary importance, the choice will be limited 
to those amplifiers designated ‘Wide Bandwidth/F ast 
Settling.” 


Where dc information is required and where frequency 
requirements are relatively modest (full power response 
below 100kHz, unity gain of less than 1.5MHz) other cri- 
teria will probably influence the final choice. It is impor- 
tant, however, to choose an amplifier with which an ade- 
quate value of loop gain is assured (at the maximum fre- 
quency of interest) to obtain the desired accuracy. Loop 
gain is the excess of open loop gain over closed loop gain, 
and is responsible for the diminishing error due to fluctu- 
ations in the open loop gain due to time, temperature, etc. 
Typically, a loop gain of 100 will yield an error of no more 
than 1%, 0.1% from loop gain of 1000, etc. Where undis- 
torted response is required, the specifications for full linear 
response and slewing rate should be chosen such that they 
are not exceeded at the highest frequency of operation. 


Offset and Drift Considerations 

In the majority of op-amp applications, final selection is 
determined by the dc offset and drift characteristics. To 
undertake amplifier selection in these cases, it is necessary 
to translate the requirements listed above as follows. (It is 
assumed that bandwidth requirements have been established 
at this point.) 


1. What input impedance must the circuit present to the 
signal source? This depends primarily on the source imped- 
ance, Rs, and the amount of loading error which is accept- 
able. Most amplifier circuits are designed around either the 
inverting or noninverting circuit of Figure 1. The choice is 
often made between the two to accommodate the imped- 
ance requirement. Input impedance for the inverting circuit 
is approximately equal to the summing impedance, Rj and 
the upper limit on the magnitude of Rj; is determined by 
the allowable drift error because of input bias current as 


fee 


SOURCE 


Co =~ af [ es + 205 sey lb Ri | for Bee 
R R¢ 


and Rs << R; 
Signal Input Drift Error = Vg 
Re [et Ret Ri iis Ri | For Rc = Rj R¢/Rj + Re 
R¢ and Rs << R; 
Signal Input Drift Error = Vg 


eo = 
i 


Input Impedance Ri, ~ Rj 


% Drift Error = 100Va 
es 


Figure 1A. Inverting Configuration 
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discussed below. The noninverting circuit offers inherently 
higher input impedance than the inverting circuit (due to 
“bootstrapping” feedback) and in this case input impedance 
is approximately equal to the common mode impedance of 
the amplifier Row. 


2. How much drift error can be tolerated? The question is 
related to the input signal level, es, and the required accu- 
racy. For example, to amplify or otherwise manipulate a dc 
input signal of one volt with an accuracy of 0.1%, the offset 
drift error, Vg, must be one millivolt or less. (This assumes 


~ that other sources of error such as input loading, noise and 


gain error have already been allowed for.) By the same 
reasoning, the allowable drift error for a 1 volt signal and 
0.01% accuracy would be 100uV. 


When this has been defined, the allowable limits of offset 
voltage (€9,), bias current (ip), and difference current can 
be calculated by the equations of Figure 1. 


Figure 1 gives the equations which relate offset voltage 
(€,;), bias current (ip), difference current (iq) and the exter- 
nal circuit impedances to the drift error, Vg, for both the 
inverting and the noninverting circuits. From these equa- 
tions it can be seen how the input impedance requirements 
of the foregoing paragraphs are related to the drift error. 


For example, in the case of the inverting circuit, an offset 
error voltage, ipR;, is generated by the bias current flowing 
through the summing impedance. This error increases for 
increasing R;. Since R; also sets the input impedance, there 


"is a conflict between high input impedance and low offset 


errors. Likewise, for a given offset error, higher values for R; 
can be used with an amplifier which has lower bias current. 


Where it will otherwise function properly, the noninverting 
circuit generally makes a better choice for high input imped- 
ance circuits. Also, for the same source and input imped- 
ance requirement, a given amplifier will generate lower 
offset errors for the noninverting circuit than for the invert- 
ing circuit. This is so because the bias current flows only 
through R, for the noninverter and this will always be less 
than the input impedance, Rj, of the inverter. Input imped- 


SOURCE 
ee el 


R2 + Rj 


e€, = e, + + ip R | for R =0 
‘0 R [es + fos b As Cc 


Signal Drift Error = Vg 
co = Re *Ri | oy + eos + ig Rs, | for Re = Ry Ri R2 
' Signal Drift Error = Vq Belg 
Input Impedance Rin ~ Rem 
100Vqg 


es 


% Drift Error = 


Figure 1B. Noninverting Configuration 


ance of the noninverter (approximately Rey) is typically 
107 ohms even for the least expensive bipolar amplifiers and 
up to 10!! ohms for FET types. 


Unfortunately, however, the noninverting configuration can 
not always be used since it will not perform many circuit 
functions such as integration or summation. A further 
limitation occurs in high accuracy applications, where com- 
mon mode errors may rule out this circuit configuration. 


Initial offsets can usually be zeroed at room temperature so 
that only the maximum temperature excursion (AT) from 
+25°C need be considered. For example, over the range of 
-25°C to +85°C, the maximum temperature excursion (AT) 
from +25°C would be 60°C. As a practical matter, offset 
errors due to supply voltage and time drift can generally 
be neglected since errors due to temperature drift are usu- 
ally much greater. 


Current Amplifier Considerations 

Before leaving the subject of offset errors, we shall discuss 
briefly the current amplifier configuration which is shown 
in Figure 2A. The obvious approach to measuring current 
is to develop a voltage drop across a load resistor, R¢, and to 
measure this potential with a high impedance amplifier as 
shown in Figure 2B. 


This approach has several disadvantages. as compared to the 
circuit of Figure 2A. First the noninverting amplifier intro- 
~ duces common mode errors which do not occur for Figure 


SOURCE 


Signal Drift error = le 


Input Impedance Rin =( are) ( 1 a ) 


where 1/8 = 1+ AR te % Drift Error = ole le 


s Ra Is 


Figure 2A. Current Amplifier 
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Figure 2B. Voltage Amplifier With Sampling Resistor 


} 
my 


2A. Second, an ideal current meter would have zero imped- 


ance whereas, R¢ in Figure 2B may become very large since © 


this resistor determines the sensitivity of the measurement. 
Third, the changes of input impedance, Rcy, for the non- 
inverting amplifier with temperature will cause variable 
loading on R¢ and hence a change in sensitivity. 


The current amplifier of Figure 2A circumvents all of these 
difficulties and approaches an ideal current meter; that is, 
there is essentially no voltage drop across the measuring 
circuit, since with enough open loop gain, A, the input 
impedance Rij becomes very small. 


In selecting a current amplifier, the most important con- 
sideration is current noise, and bias current drift. Measuring 
accuracy is largely the ratio of current noise and drift to 
signal current, i,. To obtain the drift of error current le 
referred to the input, use the following expression. 


A Re +R Ai 
Ale -| (8 esl AT 
AT RR, AT 


Now, to make a proper selection you must pick an amplifier 
with an error current, le, over the Operating temperature 
which is small compared to the signal current, i,. Do not 
overlook current noise which may be more important than 
current drift in many applications. 


Gain Bandwidth Considerations, Expanded Discussion 

From the previous discussion, it is apparent that most gen- 
eral purpose operational amplifiers will usually give adequate 
performance for the dc and audio frequency range applica- 
tions. However, to obtain unity gain bandwidth above 2MHz, 
full power response above 20kHz and slewing rate above 
6V/us, in general, requires special design techniques. All 
amplifiers with wideband, fast response characteristics have 


been listed in the wide bandwidth group to simplify the 


selection for higher frequency applications. 


One factor often overlooked is that stray capacitance and 
impedance levels of the external feedback circuit can be 
the major limitation in high frequency applications. For 
example, in Figure 1A, if R¢ were one megohm and stray 
capacitance, C,, were one picofarad then the closed loop 
bandwidth would be limited to 160kHz (1/(27R—Cs)) re- 
gardiess of how fast the amplifier is. Moreover, output slew- 
ing rate will be limited by how fast Cs can be charged 
which in trun is related to signal level, e,, and input imped- 
ance, R;, by de,/dt = -e,/R;C,. For these reasons it is usually 
not possible to obtain both fast response and high input 
impedance for an inverting circuit since both R; and Rx 
must be large to obtain high input impedance. 


Another advantage of the noninverting circuit (Figure 1B) 
is that input impedance, being determined by potentiometric 
feedback, does not depend on the impedance levels for R, 
and R,. Therefore, a low impedance can be used for R, so 
that stray capacitance of Cs will not limit the circuit’s band- 
width. In this case the minimum value for R42 is constrained 
only by the output current rating of the amplifier. Again 
the trade-off between the frequency response and input 
impedance of the inverting and noninverting circuits must 
be evaluated in light of the common mode rejection error 
introduced by the noninverter. 
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Figure 3. DC Feedback Minimizes Output Offset 
for AC Applications 


In the past, many wideband amplifiers, especially chopper 
stabilized units, did not offer fast response on the positive 
input and therefore were restricted to use in inverting cir- 
cuits. However, new FET amplifiers from Analog Devices 


are available to meet the needs for high speed performance 


for either configuration. 


For greater emphasis wideband applications can be separated 
into two categories — steady state and transient. Since the 
amplifier requirements for the two are somewhat different, 
these categories will be discussed separately. 


A. Steady State Applications 
Steady state applications involve amplifying or otherwise 
manipulating continuous sinusoidal, complex or random 
waveforms. In these applications the significant issues in 
choosing an amplifier are as follows: 


1. Is de coupling required? \f dc information is of no 
consequence, then the offset drift errors are not usually 
important and a capacitor can be used if necessary to block 
the output de offset. Your only concern here is that dc 
offset at the output does not become so large, as might be 
the case with a high gain stage, that the output is saturated 


‘or the dynamic swing for ac signals is limited. One way to 


circumvent the latter problem is to use feedback to limit 
the gain at dc as shown in Figure 3. The gain of these cir- 
cuits can be small at dc but large at high frequencies. 


2. What closed loop gain and bandwidth are required? 
Closed loop gain, G, is dictated by the application. To a first 
approximation the intersection of the open and closed loop 
gain curves in Figure 4 gives the closed loop bandwidth, 
f. (- 3dB). For high gain, wideband requirements, it may be 
necessary, Of more economical, to use two amplifiers in 
cascade, each at lower gain. . 


3. | What loop gain is required or alternatively what gain 
stability, output impedance and/or linearity are necessary? 
The available loop gain at a particular frequency or over a 
range of frequencies is very often more important than 
closed loop bandwidth in selecting an amplifier. Loop gain 
as illustrated in Figure 4, is defined as the difference, in dB, 
or as the ratio, arithmetically, of the open to closed loop 
gain (AB = A/G). You will find in most of the equations 
defining the closed loop characteristic of a feedback ampli- 
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Figure 4. Closed Loop Bandwidth and Loop Gain 


fier that the loop gain (AB) is the determining factor in 
performance. Some of the more notable examples of this 
point are as follows: 


a. Closed loop gain stability = AG/G 
AG/G = (AA/A) [1/(1 + AB)] where AA/A is the 
open loop gain stability, usually about 1%/°C. 


b. Closed loop output impedance = Zo, = Zo/(1 + AB), 
where Z, is the open loop output impedance, usually 
200 to 5000 ohms. 


c. Closed loop nonlinearity = Ly = Lo)/(1 + AB), where 
Lo is the open loop linearity, usually less than 5%. 


Loop gain of 100, or 40dB, is adequate for most applica- 
tions and this is readily achievable at dc and low frequencies. 
But note that loop gain decreases with increasing frequency 
which makes it difficult to obtain large loop gains at high 
frequencies. For this reason it may be necessary to use a 
10MHz unity gain amplifier in order to obtain adequate 
feedback over a 10kHz bandwidth. 


4, What full power response and/or slew rate are required? 
You should examine your expected output waveform and 
select an amplifier whose slewing rate exceeds the maximum 
rate of change of output signal. For a sinusoidal waveform 
with a peak voltage output equal to the rated amplifier 
output the frequency should not exceed fp, the full power 
response of the amplifier. As. the output signal voltage is 
reduced below the rated output voltage, the usable maxi- 
mum frequency can be extended proportionately. If you do 
not observe these restrictions you will get distortion and 
unexpected dc offsets at the output of the amplifier. 


There are many monolithic amplifier designs available today 
whose frequency response is not a simple 6dB roll-off and 
which may be shaped with external RC components for 
improved performance. Using feed-forward or phase lag 
compensation networks, gain-bandwidth product and/or full 
power response may be shaped to meet varying design re- 
quirements. Most discrete op amps offer the stable 6dB 
roll-off with specified unity gain-bandwidth and slew rate 
thereby limiting maximum speed and response to those pub- 
lished specifications. 


B. Transient Applications | 
In applications such as A/D and D/A converters and pulse 
amplifiers, the transient response of the wideband amplifier 
is generally more important than the gain bandwidth 
characteristic described above. Slewing rate, overload re- 
covery and settling time are the specifications which deter- 
mine the transient response. 


When applying the high frequency amplifier, it is important 
to understand how amplifier performance is affected by 
component selection as well as impedance levels used 
around the amplifier. 


Settling Time 

The time and frequency response of a linear, bilateral net- 
work or amplifier are related by well known mathematics. 
For example, the step response for a well behaved, linear, 
6dB/octave amplifier with a closed loop bandwidth of we, 
is shown in Figure 5. 


FINAL VALUE 7 = 
WwW, 


T 2.37 4.67 6.97 ————e T 


Figure 5. Step Response for Linear 6dB/Octave Amplifier 


To a first approximation, the curve in Figure 5 can be used 
to relate settling time to closed loop bandwidth of Figure 4. 
Settling time is defined as the time elapsed from the appli- 
cation of a perfect step input to the time when the amplifier 
output has entered and remained within a specified error 
band symmetrical about the final value (Figure 6). Settling 
time therefore includes the time required for the amplifier 
to slew from the initial value, recover from slew rate limited 
overload, and settle to a given error in the linear range. 


onl 
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Figure 6. Typical Settling Time Characteristics 


‘However, the approximation soon breaks down since settling - 


time is determined by a combination of amplifier character- 


i 


istics (both linear and nonlinear) and because it is a closed 
loop parameter. Therefore, it cannot be readily predicted 
from the open loop specifications such as slew rate, small 
signal bandwidth, etc. 


Analog Devices specifies settling time for the condition of 
unity gain, relatively low impedance levels, and no capaci- 
tive loading. A full-scale step input is used to determine 
settling time and the step is generally unipolar — i.e.: from 
zero to plus or minus full scale. The settling time indicated 
is generally the longest time resulting from a step of either 
polarity and is given as a percentage of the full scale step 
transition. 


Settling time is a nonlinear function. It varies with the input 


signal level and it is greatly affected by impedances external . 


to the amplifier. The nonlinear dependence of settling time 
on these two parameters can be demonstrated by an exam- 
ination of experimental data from Analog Devices’ wide 
bandwidth AD544 op amp. 


Settling Time vs. Signal Swing 

The curves in Figure 7 illustrate the AD544 settling time 
error versus input signal level. These ‘’V”’ curves are useful 
as a design aid for bracketing settling time versus step input 
level. 


Because of nonlinear factors, extrapolation of settling times 
from one set of conditions to another becomes very diffi- 
cult, if not impossible. This point becomes very apparent, 
in Figure 7, when reviewing settling time as a function of 
input signal swing. Using this measurement technique, the 
settling time error voltage, measured at point V, is equal to 
one-half of the null voltage between the input signal and 
the output signal. 
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Figure 7A. Settling Time Test Circuit 
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Figure 7B. Output Settling Time vs. Output Swing and Error 
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ERRORS DUE TO NOISE _ 

A major criterion in the selection.of an amplifier for low 
level signals is the amplifier input noise, since this is usually 
the limiting factor on system resolution. In the general case, 
amplifier noise can be characterized by a voltage source in 
series with the summing junction and a current source in 
parallel with the summing junction. Whenever high source 
impedance is encountered, current noise flowing through 
the source impedance will appear as an additional voltage 
noise, combining with the amplifier voltage noise. The sum 
of these noise sources will then be amplified along with the 
desired signal. For this reason, selection of a particular 
amplifier must consider both the amplifier noise perfor- 
mance as well as the source impedance. 


Consideration must also be given to noise sources other 
than the amplifier whenever determining total system noise. 
RF noise may be fed into an amplifier through any con- 
necting wire, including power supply and output leads. Ade- 
quate shielding and low-pass filters on all incoming leads 
will usually prevent noise pick-up. 


Thermal noise is generated in any conductor or resistor as a 
result of thermal agitation of the electrons. This noise vol- 
tage source, sometimes referred to as ‘Johnson Noise”, is 
generated in the resistive component of any impedance and 
has a value: 
e, =V 4KTBR 
where e, = the rms value of the noise voltage 

K = Boltzman’s Constant (1.38 x 1023 joules/°K) 

T = absolute temperature of the resistance, °K 

B = the bandwidth in which the noise is measured 


Since noise is related to the bandwidth over which the mea- 
surement is made, no noise specification is meaningful un- 
less the bandwidth for the specification is given. Although 
the Thermal Noise equation may appear unwieldly for prac- 
tical noise calculations, all that is required to enable rapid 
approximations is to apply a few simple rules of thumb. 
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Rules of Thumb 

(1) Remember that a 100k{2 resistor generates 40nV 
rms in a 1Hz bandwidth. The noise voltages generated by 
other values of resistances in other bandwidths can be calcu- 
lated by remembering that the noise is proportional to the 
square root of the resistance and the bandwidth; i.e. 


€n (rms) = (40NV// Fa ( (aa (BW) 
100kQ2 


(2) To convert the rms noise to a p-p value, a conver- 
sion factor of 6.6uV p-p/uV rms is applied for less than 
0.1% probability of noise peaks exceeding calculated limits. 


(3) The total rms noise contribution due to several 
noise sources is determined by the square root of the sum 
of the squares: 


Qe = Veg ten te t...en? 


If any noise source is less than a third of another, it may be © 
neglected. The resulting error will be approximately 5%. 


(4) Restricting the bandwidth of a system to the mini- 
mum usable and using the lowest impedances possible are 
ways to reduce noise. 


DESIGN EXAMPLE 

Figure 8 illustrates a typical circuit with noise calculations 
shown for each noise source. The total of the noise sources 
is obtained by adding each of the individual sources in a 
rms fashion. 


COMPONENT CAUSE OUTPUT CONTRIBUTION 


Rin Johnson Noise /SKTBRin (Re/Rin) 
Rs Johnson Noise V4KTBRs (Re /Rin + 1) 
Rr Johnson Noise J4KTBRE 

in, Amp. Current Noise in, Re 

ing Amp. Current Noise (ing Rs) (Re/Rin + 1) 
en Amp. Voltage Noise @, (Re /Rin + 1) 


TOTAL NOISE = /(enwy G)' +[ens (G+ 1]? te A, *ling Re)"}+[(ing Rs) (G+ 1° + [en (G+ 1]? 


Figure 8. Noise Components 
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APPLICATION NOTE 


How to Test Basic Operational Amplifier 
| Parameters 


THE REAL OP AMP 

Input Imperfections 

The characteristics of op amps are, of course, consider- 
ably more complicated than can be shown in Figure 1. The 
real op amp has a number of sources of error which must 
be tested independently to determine the true quality of 
the device. The active errors at the input can be modeled 
as a dc current source (Ig) and a series dc voltage source 
(Vos). An impedance (Z,, Diff) appears between the in- 
puts, and another (Zincm) appears between the inputs and 
ground. These impedances usually consist of a resistance 
and capacitance in parallel, and the finite Zen, will in- 
troduce errors due to common-mode input voltages. 


There are two additional input error sources. In addition 
to the dc voltage and current sources, small ac sources 
representing the noise components must be included in 
the model. 


Output Obstacles 

The output side of the model is also nonideal. First, an out- 
put impedance, Ro, is added in series with the voltage 
source. The “‘A”’ term (infinite in the ideal model) is both 
finite and a function of frequency in a real amplifier A’(s). 
It is also obvious that the output voltage and current 
capabilities of areal op amp are bounded. 


The real amplifier, thus, can be modeled as shown below. 


Figure 1. Real Op Amp 


OP AMP SPECIFICATIONS 

Offset Voltage 

Each of these nonideal specifications should be examined 
in some detail. Consider first the dc errors. Offset voltage 
is the result of a mismatch in the base-emitter voltages of 
the differential input transistors (or gate-source voltage 
mismatch in FET-input amplifiers). This offset voltage is 
indistinguishable from an input signal as far as the 
amplifier is concerned. Usually this offset can be trimmed 
to zero by the user by means of an external potentiometer, 
which adjusts the balance of the operating currents in the 
input stage until the Vge-s (or Vgss) are equal. Of course, 
this trim will be effective only at one temperature, since 
offset voltage changes as a function of temperature. : 


Many circuits exist for testing offset voltage. If Vos is rede- 
fined as the voltage at the op amp input which will drive 
the output to zero in an open-loop circuit, a servo loop can 
be built around the device under test to determine that 
voltage. In the circuit shown below, a second amplifier is 
used to provide feedback. This feedback amplifier must 
have very high gain and low offset. In operation, the con- 
trol voltage, Vc, is set to zero. This forces the output of the 
device under test (D.U.T.) to also go to zero, because no 
dc current can flow through the amplifier’s feedback 
Capacitor. Since the output of the D.U.T. will only go to 
zero when a voltage equal to its input offset voltage is ap- 
plied to its input, then V, must equal Vos. Thus, the output 
of the feedback amplifier is equal to Vog X (1+ R-/1000). 


Vc = 0V 


© vo =(1* fn) Mos 


Re (SELECT FOR EXPECTED RANGE OF Vos) 


Figure 2. Op Amp Offset Voltage Test Circuit 


An alternate method for offset voltage measurement can 
also be used. This alternate circuit is simpler to build and 
is only slightly less accurate. If it is assumed that Vos can 
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~ be modeled as a source connected in series with one 


input, configuring the amplifier for a fairly high closed- 
loop gain will allow reasonably accurate measurement of 
offset voltage with an inexpensive voltmeter. 


In order to maintain accuracy: in this measurement, Rin 
should be low enough that los flowing through Rin is at 
least ten times lower than the expected value of Vos. Rc 
Causes an equal voltage to be developed at each input due 
to lg. This common-mode voltage effect can be neglected 
due to the common mode rejection of the op amp. 
Reasonable values for Rin, Rc, and Reg are 1000, 1000, 
and 9.9k), respectively. 


Another error arises in this circuit due to the finite open 
loop gain of the amplifier. Assuming a test circuit gain of 
100, the amplifier must have a dc open-loop gain of at 
least 10,000 for a 1% accurate Vog measurement. 


Figure 3. Simple Vos Test Circuit 


Input Bias Current 

Another dc error term is the input bias current. As a conse- 
quence of the practical characteristics of transistors, base 
current must be supplied to the input transistors to bias 
them into their active operating region. This current must 
also return to its originating point through some dc path. 
Thus operational amplifiers cannot be used with input 
signal sources which are not referred to the same power 
source as the amplifier. It is possible to reduce bias cur- 
rent-induced errors by providing a source (other than the 
signal path) which can leak this current. 


In many applications, the errors due to bias current are ac- 
tually less annoying than the errors caused by the mis- 
match of the bias circuits of the two inputs. This difference 


- between the bias currents is called the input offset cur- 


rent, and is usually specified along with the bias current. 


Input currents, like input offset voltage, vary as a function 
of temperature. In the case of a bipolar-input amplifier, 
bias current decreases at elevated temperature. This is 
because the transistors’ B increases, and since the emitter 
current is constant, the base current decreases. In the case 
of a FET-input amplifier, the bias current is due to JFET 
gate leakage, which is in reality a reverse-biased junction 
leakage current. Such currents have the characteristic of 
doubling for every 10°C rise in junction temperature. 


It is important to consider the test conditions under which 
bias current is specified, particularly in the case of a FET- 
input op amp. Some manufacturers specify bias current 
at a junction temperature of 25°C. This corresponds 
roughly to the bias current immediately after power is ap- 
plied to the amplifier. Unfortunately most circuits are not 
operated in a pulsed mode, and the effects of component 
self-heating must be considered. This effect is, in many 
cases, not trivial. For example, an amplifier which draws 
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5mA of supply current from +15V supplies dissipates 

150mW. The thermal resistance from junction to ambient 

for an 8-lead IC package is typically 150°C/W. This means 

that the junction temperature of the amplifier in question 

will be 22.5°C above ambient temperature, and the bias 

current will be over four timesas high as a speelicalon 
based on 25°C junction temperature. 


Oy, = 150°C/W FOR T0.99 TYPE PACKAGES 
= 155°C/W FOR EPOXY MINI-DIP 
= 100°C/W FOR 14/16 PIN CERAMIC DIP 


Figure 4. Thermal Circuit Model for IC Op Amp 


Consider an op amp specified for 50pA Ip at Ty = 25°C. If 
the amplifier draws 5mA from + 15V, as in the previous 
example, 
Py = 30V x 5mA = 150mW 
Ty = Ta + (150mW x 150°C/W) 
= 25°C + 22.5°C 


Therefore, Ig will be four times higher than the 
specification. 


Bias current can be measured with essentially the same 
method used to measure offset voltage. The difference is 
that a large resistance is inserted in series with the input 
under test, creating an additional offset voltage equal to 
lp X Rg. ASsuming the actual Vos has been measured and 
recorded, the change in apparent Vos due to the change 
in Rg can be determined and lg easily computed. Offset 
current is tested by computing the difference between the 
bias current on the inverting input and the bias current on 
the noninverting input. 


Rs >>> 1002 
S} 1S CLOSED TO TEST Ig+ Vo = (1+ q9ge5 ) (Vos) 


Sz IS CLOSED TO TEST Ip- 
BOTH CLOSED TO TEST Vos + (1+ aphp ) (lee Rs) 
BOTH OPEN TO TEST los (1+ Fe 
-(1+ (Ip. Rs) 

Toon) (e-Rs 


Figure 5. Bias/Offset Current Test Circuit 


Open Loop Voltage Gain 

Another op amp parameter which distinguishes a real 
amplifier from an ideal amplifier is open-loop gain. In the 
ideal op amp model, open loop gain is assumed to be infi- 
nite. The same assumption is also sometimes made when 
dealing with real amplifiers. | 


Open-loop gain of an operational amplifier is an interest- 
ing parameter to attempt to measure. It is generally not 
practical to measure open loop gain directly by applying 
a signal at the input and observing the output change. 
However, by using the device under test inside a feedback 
loop, it is possible to measure the change in input voltage 
required to produce a known change in output voltage. 


O Eo =(1 + of ) Win 


Pou = Rye," RES (1+ q6r ) 
Figure 6. Open Loop Gain Test Circuit 


In this circuit, the control voltage, Vc, is varied from — 10V 
to + 10V, causing the D.U.T. output, Vo, to vary from + 10V 
to —10V. The D.U.T. output is varied by a change in Vin 
produced by the second amplifier. Since Vi, is attenuated 
from Eo by the R-/1000 voltage divider, Eo is easily mea- 
sured, and open-loop gain can readily be computed. 


Frequency Response , 

Open-loop gain versus frequency is another difficult-to- 
test specification. Bandwidth is usually specified in terms 
of gain-bandwidth product or unity-gain small signal 
bandwidth. It is assumed that the amplifier under test has 
an open-loop gain versus frequency plot which decreases 
with a —20dB/decade slope. It is therefore possible to 
measure the open-loop gain at some known frequency 
and predict the frequency at which the open-loop gain will 
be unity. 


In the circuit shown, the D.U.T. dc output is held to OV by 
Vc and the integrator amplifier. A low amplitude 10kHz ac 
input signal is applied to the D.U.T. Since the integrator 
has very low gain at 10kHz, the D.U.T. is effectively run- 
ning open-loop for the ac signal. The ac output from the 
D.U.T. can be measured and the gain at 10kHz can be com- 
puted. For example, a 741-type amplifier has an open loop 
gain of approximately 100k at 10kHz. Thus, an easily gen- 
erated 100mV input at the D.U.T. input will produce an 
easily measured 10V output. This corresponds to a 1MHz 
gain-bandwidth product. 


GBW =G | soKez X 10kHz 


= ye X 10kHz 
IN 


Figure 7. Gain-Bandwidth Product Test Circuit 


Common-Mode Rejection Ratio 

The ideal operational amplifier is a pure differential 
amplifier and is insensitive to the absolute voltage on the 
inputs with respect to ground. The real amplifier has sev- 
eral nonideal characteristics associated with input levels. 
First, of course, is the allowable range of input voltage. 
Most IC op amps will only operate when the voltage on 
the input terminal is within the range bounded by the sup- 
ply voltages. The second, and perhaps more subtle, char- 
acteristic is the common-mode rejection ratio (CMRR). 


CMRR is defined as the ratio of the change in common 
mode to the resulting change in input offset voltage. It is 
often convenientto specify this parameter logarithmically 
indB: CMR = 20log (CMRR). 


Common-mode rejection can be measured several ways. 


One method uses four precision resistors to configure the 
op amp as a subtractor amplifier. The disadvantage inher- 
ent in this circuit is that the ratio match of the resistors 
also determines the subtractor’s CMRR. A mismatch of 
0.1% between resistor pairs will result in a CMR of only 
60dB. Since most amplifiers exhibit CMR in excess of 
80dB (some as high as 120dB), it is clear that this circuit 


is only marginally useful. 


RESISTORS MUST MATCH WITHIN 1ppm (0.0001%) 
IN ORDER TO MEASURE CMR> 100dB 


Figure 8. Simple CMR Test Circuit 


A better circuit uses the same technique used for measur- 
ing offset voltage with one exception. Rather than apply- 
ing a fixed zero volt input to the D.U.T. operating on + 15V 
supplies, the same input is applied to the D.U.T. with 
asymmetrical power supplies, such as +5V and — 25V. 
The output of the amplifier is forced to remain centered 
between the supplies and the input voltage to the D.U.T. 
which forces this to occur is measured. 


ov 
Ve | +10V 
e 


+15V 
+5V C 
Vv c 


ve | 


AEo = (1+ ahr) dVos 


Figure 9. Common-Mode Rejection Test Circuit 


The change in Vos can be readily translated into CMR. If 
this 10V change in CMV creates a 1mV change in Vos, the 
CMRR is 10,000 and the CMR is 80GB. 
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An |I.C. Amplifier Users’ Guide 
To Decoupling, Grounding, 
And Making Things 
Go Right For A Change 
by Paul Brokaw 


‘‘There once was a breathy baboon 
Who always breathed down a bassoon, 
For he said ‘It appears 
that in billions of years 
| shall certainly hit on a tune” 
(Sir Arthur Eddington) 


This quotation seemed a proper note with which to begin 
on a subject which has made monkeys of most of us at one 
time or another. The struggle to find a suitable configura- 
tion for system power, ground, and signal returns too fre- 
quently degenerates into a frustrating glitch hunt. While a 
strictly experimental approach can be used to solve simple 
problems, a little forethought can often prevent serious 
problems and provide a plan of attack if some judicious 
tinkering is later required. 


The subject is so fragmented that a completely general 
treatment is too difficult for me to tackle. Therefore, I'd 
like to state one general principle and then look a bit more 
narrowly at the subject of decoupling and grounding as it 
relates to integrated circuit amplifiers. 


... Principle: Think—where the currents will flow. 


| suppose this seems pretty obvious, but all of us tend to 
think of the currents we’re interested in as flowing ‘‘out’’ of 
some place and ‘‘through”’ some other place but often ne- 
glect to worry how the current will find its way back to its 
source. One tends to act as if all “ground” or “supply volt- 
age’’ points are equivalent and neglect (for as long as possi- 
ble) the fact that they are parts of a network of conductors 
through which currents flow and develop finite voltages. 


In order to do some advance planning it’s important to 
consider where the currents originate and to where they 
will return and to determine the effects of the resulting 
voltage drops. This in turn requires some minimum amount 
of understanding of what goes on inside the circuits being 
‘ decoupied and grounded. This information may be lacking 
or difficult to interpret when integrated circuits are part of 
the design. 


Operational amplifiers are one of the most widely used lin- 
ear |.C.’s, and fortunately most of them fall into a few 
classes, so far as the problems of power and grounding are 


concerned. Although the configuration of a system may 
pose formidable problems of decoupling and signal returns, 
some basic methods to handle many of these problems can 
be developed from a look at op-amps. 


OP AMPS HAVE FOUR TERMINALS: 

A casual look through almost any operational amplifier text 
might leave the reader with the impression that an ideal 
op-amp has three terminals: a pair of differential inputs and 
an output as shown in Figure 1.A quick review of funda- 
mentals, however, shows that this can’t be the case. If the 
amplifier has an output voltage it must be measured with 
respect to some point... a point to which the amplifier has 
a reference. Since the ideal op-amp has infinite common 
mode rejection, the inputs are ruled out as that reference so 
that there must be a fourth amplifier terminal. Another 
way of looking at it is that if the amplifier is to supply out- 
put current to a load, that current must get into the ampli- 
fier somewhere. Ideally, no input current flows, so again 
the conclusion is that a fourth terminal is required. 


Figure 1. Conventional “Three Terminal” Op Amp 


A common practice is to say, or indicate in a diagram, that 
this fourth terminal is ‘‘ground.’’ Well, without getting into 
a discussion of what ‘“ground’’ may be we can observe that 
most integrated circuit op-amps (and a lot of the modular 
ones as well) don’t Have a “ground” terminal. With these 
circuits the fourth terminal is one or both of the power 
supply terminals. There’s a temptation here to lump to- 
gether both supply voltages with the ubiquitous ground. 
And, to the extent that the supply lines really do present a 
low impedance at all frequencies within the amplifier band- 
width, this is probably reasonable. When the impedance 
requirement isn’t satisfied, however, the door is left open to 
a variety of problems including noise, poor transient 
response, and oscillation. 
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DIFFERENTIAL TO SINGLE-ENDED CONVERSION: 
One fundamental requirement of a simple op-amp is that an 
applied signal which is fully differential at the input must 
be converted to a single-ended output. Single ended, that is, 
with respect to the often neglected fourth terminal. To see 
how this can lead to difficulties, take a look at Figure’ 2. 


OUTPUT 


CURRENT 
MIRROR 


Figure 2. Simplified “Real’’ Op Amp 


The signal flow illustrated by Figure 2 is used in several 
popular integrated circuit families. Details vary, but, the 
basic signal path is the same as the 101, 741, 748, 777, 
4136, 503, 515, and other integrated circuit amplifiers. The 
circuit first transforms a differential input voltage into a 
differential current. This input stage function is represented 
by PNP transistors in Figure 2. The current is then con- 
verted from differential to single-ended form by a current 
mirror which is connected to the negative supply rail. The 
output from the current mirror drives a voltage amplifier 
and power output stage which is connected as an integrator. 
The integrator controls the open-loop frequency response, 
and its capacitor may be added externally, as in the 101, or 
may be self-contained, as in the 741. Most descriptions of 
this simplified model don’t emphasize that the integrator 
has, of course, a differential input. It’s biased positive by a 
couple of base emitter voltages, but, the non-inverting 
integrator input is referred to the negative supply. 


It should be apparent that most of the voltage difference 
between the amplifier output and the negative supply 
appears across the compensation capacitor. If the negative 
supply voltage is changed abruptly the integrator amplifier 
will force the output to follow the change. When the entire 
amplifier is in a closed loop configuration the resulting 
error signal at its input will tend to restore the output, but, 
the recovery will be limited by the slew rate of the ampli- 
fier. As a result, an amplifier of this type may have out- 
standing low frequency power supply rejection, but, the 
negative supply rejection is fundamentally limited at high 
frequencies. Since it is the feedback signal to the input that 
causes the output to be restored, the negative supply rejec- 
tion will approach zero for signals at frequencies above the 
closed loop bandwidth. This means that high-speed, high- 
level circuits can “‘talk to’ low-level circuits through the 
common impedance of the negative supply line. 


Note that the problem with these amplifiers is associated 
with the negative supply terminal. Positive supply rejection 
may also deteriorate with increasing frequency, but, the 
effect is less severe. Typically, small transients on the posi- 
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tive supply have only a minor effect on the signal output. 
The difference between these sensitivities can result in an 
apparent asymmetry in the amplifier transient response. If 
the amplifier is driven to produce a positive voltage swing 
across its rated load it will draw a current pulse from the 
positive supply. The pulse may result in a supply voltage 
transient, but, the positive supply rejection will minimize 
the effect on the amplifier output signal. In the opposite 
case, a negative output signal will extract a current from the 
negative supply. If this pulse results in a ‘‘glitch’’ on the 
buss, the poor negative supply rejection will result in a 
similar ‘glitch’ at the amplifier output. While a positive 
pulse test may give the amplifier transient response, a nega- 
tive pulse test may actually give you a pretty good look at 
your negative supply line transient response, instead of the 
amplifier response! 


Remember that the impulse response of the power supply 
itself is not what is likely to appear at the amplifier. Thirty 
or forty centimeters of wire can act like a high Q inductor 
to add a high-frequency component to the normally over- 
damped supply response. A decoupling capacitor near the 
amplifier won’t always cure the problem either, since the 
supply must be decoupled to somewhere. If the decoupled 
current flows through a long path, it can still produce an 
undesirable glitch. 


Figure 3 illustrates three possible configurations for nega- 
tive supply decoupling. In 3a the dotted line shows the 
negative signal current path through the decoupling and 
along the ground line. If the load ‘‘ground” and decoupled 
“ground” actually join at the power supply the ‘‘glitch”’ on 
the ground lines is similar to the ‘‘glitch’’ on the negative 
supply buss. Depending upon how the feedback and signal 
sources are “grounded” the effective disturbance caused by 
the decoupling capacitor may be larger than the disturbance 
which it was intended to prevent. Figure 3b shows how the 
decoupling capacitor can be used to minimize disturbance 
of V— and ground busses. The high-frequency component 
of the load current is confined to a loop which doesn’t 
include any part of the ground path. If the capacitor is of 
sufficient size and quality, it will minimize the glitch on the 
negative supply without disturbing input or output signal © 
paths. When the load situation is more complex, as in 3c, a 
little more thought is required. If the amplifier is driving a | 
load that goes to a virtual ground, the actual load current 
does not return to ground. Rather, it must be supplied by 
the amplifier creating the virtual ground as shown in the 
figure. In this case, decoupling the negative supply of the 
first amplifier to the positive supply of the second amplifier 
closes the fast signal current loop without disturbing 
ground or signal paths. Of course, it’s still important to 
provide a low impedance path from “ground” to V— for 
the second amplifier to avoid disturbing the input 
reference. 


The key to understanding decoupling circuits is to note 
where the actual load and signal currents will flow. The key 
to optimizing the circuit is to bypass these currents around 
ground and other signal paths. Note, that as in figure 3a, 
“single point grounding” may be an oversimplified solution 
to a complex problem. 


PNP 
OUTPUT 
TRANSISTOR 
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L----—- —™N 
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Figure 3a. Decoupling for Negative Supply Ineffective 
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Figure 3b. Decoupling Negative Supply Optimized for 
“Grounded” Load 
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Figure 3c. Decoupling Negative Supply Optimized for 
“Virtual Ground’ Load 


Figure 3b and 3c have been simplified for illustrative pur- 
poses. When an entire circuit is considered conflicts fre- 
quently arise. For example, several amplifiers may be 
powered from the same supply, and an individual decou- 
pling capacitor is required for each. In a gross sense the 
decoupling capacitors are all paralleled. In fact, however, 
' the inductance of the interconnecting power ‘and ground 
lines convert this harmless-looking arrangement into a com- 
plex L-C network that often rings like the ‘““Avon Lady”. In 
circuits handling fast signal wavefronts, decoupling net- 
works paralleled by more than a few centimeters of wire 
generally mean trouble. Figure 4 shows how small resistors 
can be added to lower the Q of the undesired resonant 
circuits. The resistors can generally be tolerated since they 
convert a bad high-frequency jingle to a small damped sig- 
nal at the op amp supply terminal. The residual has larger 
low frequency components, but, these can be handled by 
the op-amp supply rejection. 


wae 


Figure 4. Damping Parallel Decoupling Resonances 


FREQUENCY STABILITY: 

There’s a temptation to forget about decoupling the nega- 
tive supply when the system is intended to handle only 
low-frequency signals. Granted that decoupling may not be 
required to handle low-frequency signals, but it may still be 
required for frequency stability of the op-amps. 


Figure 5 is a more-detailed version of Figure 2 showing the 
output stage of the |.C. separated from the integrator (since. 
this is the usual arrangement) and showing the negative 
power supply and wiring impedance lumped together as a 
single constant. The amplifier is connected as a unity gain 
follower. This makes a closed-loop path from the amplifier 
output through the differential input to the integrator in- 
put. There is a second feedback path from the collector of 
the output PNP transistor back to the other integrator in- 
put. The net input to the integrator is the difference of the 
signals through these two paths. At low frequencies this is a 
net, negative feedback. The high-frequency feedback de- . 
pends upon both the load reactance and the reactance of 
the V— supply. 


V+ 


Figure 5. Instability Can Result from Neglecting 
Decoupling 


When the supply lead reactance is inductive, it tends to 
destabilize the integrator. This situation is aggravated by a 
Capacitive load on the amplifier. Although it’s difficult to 
predict under exactly what circumstances the circuit. will 
become unstable, it’s generally wise to decouple the nega- 
tive supply if there is any substantial lead inductance in the 
V— lead or in the common return to the load and amplifier 


input signal source. If the decoupling is to be effective, of 


course, it-must be with respect to the actua/ signal returns, 
rather than to some vague ‘’ground” connection. 


POSITIVE SUPPLY DECOUPLING: 
Up to this point we haven’t considered decoupling the posi- 
tive supply line, and with amplifiers typified by Figures 2 
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and 5 there may be no need to. On the other hand, there 
are a number of integrated circuit amplifiers which refer the 
compensating integrator to the positive supply. Among 
these are the 108, 504, and 510 families. When these cir- 
cuits are used, it’s the positive supply which requires. most 
attention. The considerations and techniques described for 
the class of circuits shown in Figure 2 apply equally to this 
second class, but, should be applied to the positive supply 
rather than the negative. 


FEED-FORWARD: 

A technique which is most frequently used to improve 
bandwidth is called feed-forward. Generally, feed-forward is 
used to bypass an amplifier or level translator stage which 
has poor high frequency response. Figure 6 illustrates how 
this may be done. Each of the amplifiers shown is really a 
subcircuit, usually a single stage, in the overall amplifier. In 
the illustration, the input stage converts the differential in- 
put to a single-ended signal. The signal drives an intermedi- 
ate stage (which in practice often includes level translator 
circuitry) which has low-frequency gain, but, limited band- 
width. The output of this stage drives an integrator-ampli- 
fier and output stage. The overall compensation Capacitor 
feeds back to the input of the second stage and includes it 
in the integrator loop. The compromises necessary to ob- 
tain gain and level translation in the intermediate stage 
often limit its bandwidth and slow down the available inte- 
grator response. A feed-forward capacitor permits high- 
frequency signals to bypass this stage. As a result, the over- 
all amplifier combines the low-frequency gain available 
from 3 stages with the improved frequency response avail- 
able from a 2-stage amplifier. The feed-forward capacitor 
also feeds back to the non-inverting input of the intermedi- 
ate stage. Note that the second stage is not an integrator, as 
it may appear at first glance, but actually has a positive 
feedback connection. Fed-forward amplifiers must be care- 
fully designed to avoid internal oscillations resulting from 
this connection. Improper decoupling can upset this plan 
and permit this loop to oscillate. 


COMPENSATING 
CAPACITOR 


FEEDFORWARD 
CAPACITOR 


INPUT 
SECTION 


INTERMEDIATE 
AMPLIFIER 


INTEGRATOR & 
OUTPUT SECTION 


REF. 2 


Figure 6. Fast Fed-Forward Amplifier 


Note that the internal input stages are shown as being re- 
ferred to separated reference points. Ideally, these will be 
the same reference so far as signals are concerned, although 
they may differ in bias level. In practice this may not be the 
case. Examples of fed-forward amplifiers are the AD518, 
the AD118, and the OP-O5. In these amplifiers, signal Refer- 
ence 1 is the positive supply, while signal Reference 2 is the 
negative supply. Signals appearing between the positive and 
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negative supply terminals are effectively inserted inside the 
integrator loop! : 


Obviously, while feed-forward is a valuable tool for the 
high-speed amplifier designer, it poses special problems in 
application. A thoughtful approach to decoupling is re- 
quired to maximize bandwidth and minimize noise, error, 
and the likelihood of oscillation. 


Some fed-forward amplifiers have other arrangements, 
which include the “ground’’ terminal in inverting only am- 
plifiers. Almost without exception, however, signals be- 
tween some combination of the supply terminals get “‘in- 
side’’ the amplifier. It is vital to proper operation that the 
involved supply terminals present a common low imped- 
ance at high frequencies. Many high-speed modular ampli- 
fiers include appropriate capacitive decoupling within the 
amplifier, but, with I.C. op amps this is impossible. The 
user must take care to provide a cleanly decoupled supply 
for fed-forward amplifiers. Figure 7 shows a decoupling 
method which may be applied to the AD518 as well as to 
other fast fed-forward amplifiers such as the 118. One ca- 
pacitor is used to provide a low-impedance path between 
the supply terminals at high frequencies. The resistor in the 
V+ lead insures that noise on the supply lines will be re- 
jected and prevents the establishment of resonances with 
other decoupling circuits. The second capacitor decouples 
the low side of the integrator to the load. 


V+ SUPPLY 


SIGNAL 
COMMON 


V- SUPPLY 


Figure 7. Decoupling for a Fed-Forward Amplifier 


Alternatives include a resistor in both supply leads and/or 
decoupling from V+ to the load. In principle, the positive 
and negative supply should be tied in a “‘tight knot” with 
the signal return. To the extent that this cannot be done, 
there is a slight advantage to favoring the negative supply 
due to the high frequency limitations of PNP transistors 
used in junction-isolated |.C.’s. 


OTHER COMPENSATION: 

While most integrated circuit amplifiers use one of the three 
compensation schemes already described, a significant frac- 
tion use some other plan. The 725 type amplifiers combine 
a V— referred integrator with a network which the manu- 
facturers recommend to be connected from signal ground 
to the integrator input. This makes the circuit extremely 
liable to pick up noise between V— and ground. In many 
circumstances it may be wiser to connect the external com- 
pensation to the negative supply, rather than to signal 
ground. 


One more class of amplifiers is typified by the Analog De- 
vices AD507 and ADS5O9. In these circuits, a single capaci- 


oe ate 


1 


tor may be used to induce a dominant pole of response 
without resorting to an integrator connection. The high- 
frequency response of the amplifier will appear with respect 
to the “ground” end of the compensation capacitor. In 
these amplifiers a small internal capacitance is connected 


between V+ and the compensation point. Unity gain com- - 


pensation can be added in parallel and the pin-out is ar- 
ranged to make this simple. The free end of the compensa- 
tion capacitor can also be connected either to V— or signal 
common. It is extremely important that the signal common 
and the compensation connect directly or through a low- 
impedance decoupling. 


Although the main signal path of these amplifiers can be 
compensated in a variety of ways, some care is required to 
insure the stability of internal structures. It’s always wise to 
use extra Care in decoupling wideband amplifiers to avoid 
problems with the output stage and other subcircuits which 
are similar to the main integrator problem illustrated by 
Figure 5. An effective compensation and decoupling circuit 
for the AD509 is shown in Figure 8. This arrangement is 
similar to Figure 7, and one of these two circuits is likely to 
be suitable for many types of wideband amplifier. Depend- 
ing upon the power distribution, a small (1022 to 502) 
resistor may be appropriate in both of the supply leads to 
reduce power lead resonance and interference both to and 
from circuits sharing the power supply. — 


V+ 


COMPENSATION 


OUTPUT 


SIGNAL 
COMMON 


Figure 8. Decoupling a Wideband Amplifier 


GROUNDING ERRORS: 

Ground in most electronic equipment is not an actual con- 
nection to earth ground, but a common connection to 
which signals and power are referred. It is frequently imma- 
terial to the function of the equipment whether or not the 
point actually connects to earth ground. | myself prefer 
some distinguishing name or names for these common 
points to emphasize that they must be made common. The 
term “ground” too often seems to be associated with a sort 
of cure-all concept, like snake oil, money or motherhood. If 
you’re one of those who regards ground with the same sort 
of irrational reverence that you hold for your mother, re- 
member that while you can always trust your mother, you 
should never trust your “ground.” Examine and think 
about it. 


It’s important to have a look at the currents which flow in 
the ground circuit. Allowing these currents to share a path 
with a low-level signal may result in trouble. Figure 9 illus- 
trates how careless grounding can degrade the performance 
of a simple amplifier. The amplifier drives a load which is 


-€ . 4 


represented by the load resistor. The load current comes 
from the power supply and is controlled by the amplifier as 
it amplifies the input signal. This current must return to the 
supply by some path; suppose that points A and B are 
alternative power supply ‘’ground’”’ connections. Assuming 
that the figure represents the proper topology or ordering 
of connections along the ‘‘ground”’ bus, connecting the sup- 
ply at A will cause the load current to share a segment of: 
wire with the input signal connection. Fifteen centimeters 
of number 22 wire in this path will present about 8 mil- 
liohms of resistance to the load current. With a 2k load, a 
10-volt output signal will result in about 40 microvolts be- 
tween the points marked ‘’AV."’ This signal acts in series 
with the non-inverting input and can result in significant 
errors. For example, the typical gain of an AD510 amplifier 
is 8 million so that only 1%4uV of input signal_is required 
to produce a 10 volt output. The 40uV ground error signal 
will result in a 32 times increase in the circuit gain error! 
This degradation could easily be the most serious error in a 
high-gain precision application. Moreover, the error repre- 
sents positive feedback so that the circuit will latch up or - 
oscillate for large closed-loop gains with R¢/R; greater than 
about 250k. 


INPUT 
SIGNAL 


Figure 9. Proper Choice of Power Connections Minimizes 
Problems 


Reconnecting the power supply to point B will correct the 
problem by eliminating the common impedance feedback 
connection. In a real system, the problem may be more 
complex. The input signal source, which is represented as 
floating in Figure 9, may also produce a current which must 
return to the power supply. With the supply at point B, any 
current which flows in additional loads (other than R;) may 
interfere with the operation of the amplifier shown. Figure 
10 illustrates how amplifiers can be cascaded and still drive 
auxiliary loads without common impedance coupling. The 


TO 
POWER 
SUPPLY 


POWER COMMON 


Figure 10. Minimizing Common Impedence Coupling 


output currents flow through the auxiliary loads and back 
to the power supply through power common. The currents — 
in the input and feedback resistors are supplied from 
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the power supply by way of the amplifiers as previously 
illustrated in Figure 3c. The only current flowing in signal 
common is the amplifier’s input current, and its effect 
is generally negligibly small. . 


Having given an example of a simple “grounding error” and 
its solution, | will now get back on my soap box and say 
that grounding errors result from neglect based on the as- 
sumption that a ground, is a ground, is a ground. Some 
impedance will be present in any interconnection path, and 
its effect should be considered in the overall design of a 
system. Quantitative approaches are quite useful in special- 
ized applications. In fast TTL and ECL logic circuitry the 
characteristic impedance of interconnections is controlled 
so that proper terminations can reduce problems. In RF 
circuitry the unavoidable impedances are taken into ac- 
count and incorporated into the design of the circuit. With 
Op-amp circuitry, however, impedance levels do not lend 
themselves to transmission line theory, and the power and 
ground impedances are difficult to control or analyze. The 
most expedient procedure, short of difficult and restrictive 
quantitative analysis, seems to be to arrange the unavoid- 
able impedances so as to minimize their effects and arrange 
the circuitry to overcome the effects. Figures 9 and 10 
illustrate the sort of simple considerations which can sub- 
stantially reduce practical ground problems. Figure 11 illus- 
trates how circuitry can be used to reduce the effect of 
ground problems which can’t be corrected by topological 
tricks. 


INPUT 
SIGNAL 


INPUT SIGNAL 
COMMON “GROUND NOISE” 


OUTPUT SIGNAL 
COMMON 

Figure 11. Subtractor Amplifier Rejects Common Mode 

Noise 


GETTING AROUND THE PROBLEM: 

In Figure 11 a subtractor circuit is used to amplify a normal 
mode input signal and reject a ground noise signal which is 
common to both sides of the input signal. This scheme uses 
the common-mode rejection of the amplifier to reduce the 
noise component while amplifying the desired signal. An 
important aspect of this arrangement, which is often over- 
looked, is that the amplifier should be powered with re- 
spect to the output signal common. If its power pins are 
‘exposed to the high-frequency noise of the input common, 
the compensation capacitor will direct the noise right to the 
output and defeat the purpose of the subtractor. It’s just 
this kind of effect which makes it important to use care in 
grounding and decoupling. A subtractor or dynamic bridge, 
like Figure 11, will be ineffective in correcting a grounding 
problem if the amplifier itself is carelessly decoupled. In 
general, an op-amp should be decoupled to the point which 
is the reference for measuring or using its output signal. In 
“‘single-ended’’ systems it should also be decoupled to the 
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input signal return as well. When it is impossible to satisfy 
both these requirements at once, there’s a high probability 
of either a noise or oscillation problem or both. Frequently 
the difficulty can be resolved with a subtractor, like Figure 
11, where a network like the single-ended feedback net- 
work (which needn't be all resistive) joins the input and 
output signal reference points and provides a “clean’’ ref- 
erence point for the non-inverting input of the amplifier. 


A problem with the subtractor is that it uses a balanced 
bridge to reject the common mode signal between the input 
and output reference points. The arms of the network must 
be carefully balanced, since to the extent they don’t match, 
the unwanted signal will be amplified. Although even a 
poorly matched network will probably eliminate oscillation 
problems, noise rejection will suffer in direct proportion to 
any mismatches. An easier way to reject large ‘‘ground 
noise’ signals is to use a true instrumentation amplifier. 


INSTRUMENTATION AMPLIFIERS: 

A true instrumentation amplifier has a very visible ‘fourth 
terminal.” The output signal is developed with respect to a 
well defined reference point which is usually a “‘free’’ ter- 
minal that may be tied to the output signal common. The 
instrumentation amplifier also differs from an op amp in 
that the gain is fixed and well defined, but there is no 
feedback network coupling input and output circuits. Fig- 
ure 12 shows how an instrumentation amplifier can be used 
to translate a signal from one “ground reference’ to an- 
other. The normal mode input signal is developed with re- 
spect to one reference point which may be common to its 
generating circuits. The signal is to be used by a system 
which has an interfering signal between its own common 
and the signal source. The instrumentation amplifier has a 
high impedance differential input to which the desired sig- 
nal is applied. Its high common mode rejection eliminates 
the unwanted signal and translates the desired signal to the 
output reference point. Unlike the dynamic bridge circuit, 
the gain and common mode rejection don’t depend on a 
network connecting the input and output circuits. The gain 
is set, in Figure 12, by the ratio of a pair of resistors which 
are connected inside the amplifier. The amplifier has a very 
high input impedance, so that gain and common mode re- 
jection are not greatly affected by variations or unbalance 
in source impedance. 


NORMAL 
MODE OUTPUT 
SIGNAL 
INPUT SIGNAL OUTPUT COMMON 
COMMON COMMON 
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Figure 12. Applying an In-Amp 


Since instrumentation amplifiers have a reference or 
*“‘ground”’ terminal, they have the potential to be free of the 
power supply sensitivities of op amps. In practice, however, 
most instrumentation amplifiers have internal frequency 


compensation which is referred to the power supply. In the 
case of the AD521, the compensation integrator is referred 
to the negative supply terminal. The decoupling of this ter- 
minal is particularly important, and it should be decoupled 
with respect to the output reference terminal, or actually to 
the point to which this terminal refers. The AD520 instru- 
mentation amplifier, on the other hand, has an internal 
integrator which is referred to the positive supply terminal. 
For best results both the V+ and V— terminals should be 
decoupled to the output reference point. 


THE “OTHER” INPUT: 

Most |.C. op-amps and in-amps include offset voltage 
nulling terminals. These terminals generally have a small 
voltage on them and by loading the terminals with a poten- 
tiometer the amplifier offset voltage can be adjusted. While 
their impedance level is much lower than the normal input, 
the null terminals can act as another differential input to 
the amplifier. Although the null terminals aren’t generally 
looked at as inputs, most amplifiers are quite sensitive to 
signals applied here. For example, in 741 family amplifiers 
the output voltage gain from the null terminals is greater 
than the gain fromm the normal input! 


An illustration of the type of problems that can arise with 
the “‘other’’ input is shown in Figure 13. The figure is an 
Op-amp circuit with some of the offset null detail shown. 


SIGNAL COMMON 


TO POWER SUPPLY — 


Figure 13. Details of Vog Nulling — the “Other” Input 


As it’s drawn, the Vog null pot wiper connects to a point 
along a V— “clothesline” which carries both the return cur- 
rent from the amplifier and currents from other circuits 
back to the power supply. These currents will develop a 
small voltage, AV, along the conductor between the ampli- 
fier V— terminal and the null pot wiper. If the null pot is 
set on center, the equal halves will form a balanced bridge 
with the resistors inside the amplifier. The effect of the 
voltage generated along the wire is balanced at the Vos 
terminals and will have little effect on the amplifier output. 
On the other hand, if the null pot is unbalanced, to correct 
an amplifier offset, the bridge will no longer balance. In this 


case voltages developed along the ‘clothesline’ will result 
in a difference voltage at the Vog terminals. For instance, 
suppose that a 10k null pot balances out the op amp offset 
when it is set with 3k and 7k branches as shown in the 
figure. In a 741 the internal resistors are about 1k so that 
the difference signal at the Vos terminals will be about 1/8 
AV. The gain from these terminals is about twice the gain 
from the normal input, so that the disturbance acts as if it 
were an input signal of about 1/4 AV. Using the same as- 
sumptions as in the discussion of Figure 9. the current | q— 
will result in a 10 microvolt input error signal. In this case, 
however, the error will appear on/y when the amplifier load 
current comes from the negative supply. When the load is 
driven positive the error will disappear. As a result, the Vos 
input signal will result in distortion rather than a simple. 
gain error! | 


An additional problem is created by I,, a current returning 
to the power supply from other circuits. The current from 
other circuits is not generally related to the op amp signal, 
and the voltage developed by it will manifest itself as noise. 
This signal at the null terminals can easily be the dominant 
noise in the system. A few milliamps of V— current through 
a few centimeters of wire can result in interference which is 
orders of magnitude larger than the inherent input noise of 
the amplifier. The remedy is to make the connection from 
the null pot wiper direct to the V— pin of the amplifier, as 
shown in Figure 14. Some amplifiers such as the AD504 and 
AD510 refer to the null offset terminals to V+. Obviously, 
the pot wiper should go to the V+ terminal of this type of 
amplifier. It’s important to connect the line directly to the 
Op amp terminal so as to minimize the common impedance 
shared by the op amp current and the null pot connection. 


Figure 14. Connecting the Null Pot for Trouble Free 
Operation 


The considerations for op-amp null pots also apply to the 
similar trimmers on almost all types of integrated circuits. 
For example, the AD521 In-Amp null terminals exhibit a 
gain of about 30 to the output. Although this is much less 
than in the case of most op-amps, it still warrants care in 
controlling the null pot wiper return. Table 1 lists the inte- 
grated circuits manufactured by Analog Devices, including 
some popular second-source families, and indicates how in- 
ternal conversions from differential to single ended are re- 
ferred. That is, the signals are made to appear with respect 
to the terminal (s) listed. 
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Internal Integrator 


AD502 
AD503 
AD504 
AD506 
AD507 
AD509 
AD510 
AD511 
AD512 


AD514 
AD515 
AD517 
AD518 


AD520 


AD521 


AD522 


AD523 
AD528 


AD530 


AD531 


AD532 


AD533 


AD534 
AD535 
AD536A 


AD537 


Referred to: 


V-, V+, 
Common 
V- 


Comments 


External Cap 


External Cap to Signal Common or V+ 
External Cap to Signal Common or V+ 


External Caps, Optional Feedforward 
to -in 


Internal Feedforward Cap V+ to V- 
and Integrator to Output 


Internal Integrator Refers to V+, 
Internal Input Stage Cap Refers to 
V-, External Output Caps Refer to 
V+ and Common 


Output Amplifier Integrator Refers 
to V- 


Input Amplifier Refers to V+ 
Output Amplifier Refers to V- 


Internal Feedforward Cap V+ to V- 
and Integrator to Output 


Multiplier Output Amplifier 
Integrator Refers to V+ 


Multiplier Output Amplifier 
Integrator Refers to V+ 


Multiplier Output Amplifier 
Integrator Refers to V+ 


Multiplier Output Amplifier 
Integrator Refers to V+ 


Output Amplifier 


Output Amplifier 


External Integrator to V+, Internal 
Feedforward V- io Common 


Internal Buffer Amp 


TABLE 7 
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Internal Integrator 


AD540 
AD542 
AD544 
AD545 
AD559 


- AD561 


AD562 


AD563 


AD565 


AD566 


AD580 
AD581 
AD582 
AD584 


* AD101A 


AD108 


AD741 


Referred To: 


V-, 
Common 


V- 


V- 


V- 


Comments 


DAC Control Loop Integrator 
Referred Between V- and 
Common. 


DAC Control Loop Integrator 
and Ref. Amp Refer to Common 
Ref. Bias Amp Refers to V- 


DAC Control Loop Integrator 
Referred to V-. Reference Input. 
Common to Control Loop 

Isolated from DAC Output Common 


DAC Control Loop Integrator 
Referred to V-. Reference Input 
Common to Control Loop 

Isolated from DAC Output Common 


DAC Control Loop Integrator 
Referred to V-. Reference Input 
Common to Control! Loop 

Isolated from DAC Output Common 


DAC Control Loop Integrator 
Referred to V-, Reference Input 
Common to Control Loop 

Isolated from DAC Output Common 


External Cap (Includes AD201A, 
AD301A, etc.) 


External Cap (Includes AD 208, 
AD308, etc.) 


Internal Cap (Includes 741J, K, L, 
etc.) 


This collection of examples won’t solve all your potential 
grounding problems. | hope that it will give you some good 
ideas about how to prevent some of them, and it should 
also give you some of the “inside story’’ on 1.C.’s which 
you can put to work in very practical ways. There is no 
general grounding method which will prevent all possible 
problems. The only generally applicable rule is attention to 
detail, and remember that you can always trust your 


mother, 


but... 
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INTRODUCTION 


It is traditional to begin a discussion of instrumentation am- 
plifiers by saying that an IA is not an operational amplifier. 
As obvious as this statement is to the informed user, and as 
awkward as a description by exclusion may be, such an ap- 
proach is inevitable and perhaps necessary. When an engineer 
needs a signal conditioning gain block, the first thought that 
springs to mind is the nearly ultimate flexibility provided 
by the currently available assortment of low-cost |C op amps. 
It may well be that an op amp will, suffice as an element in 
a given gain block, but in demanding applications, op amp 
circuitry will often require extensive and expensive addi- 
tional circuit elements, specialized manufacturing and/or 
test instrumentation together with highly skilled personne! 
to make it all work. The purpose of this article is to explain 
when and where an instrumentation amplifier may best be 
employed and where its unique virtues give it an advantage 
over the more flexible op amp. 


WHAT IS AN INSTRUMENTATION AMPLIFIER? 


An instrumentation amplifier is a precision differential volt- 
age gain device that is optimized for operation in an environ- 
ment hostile to precision measurement. The real world is 
characterized by deviations from the ideal; temperature 
fluctuates, electrical noise exists, and voltage drops caused 
by current through the resistance of leads from remote lo- 
cations are dictated by the laws of physics. Furthermore, 
real transducers rarely exhibit zero output impedance and 
nice neat zero-to-ten-volt ranges. Induced, leaked or coupled 
electrical interference (noise) is always present to some ex- 
tent. In brief, even the best ‘‘cookbook’’ must be taken 
with a grain of salt. | 


‘Instrumentation amplifiers are intended to be used whenever 
acquisition of a useful signal is difficult. |A’s must have ex- 
tremely high input impedances because source impedances 
may be high and/or unbalanced. Bias and offset currents are 
, low and relatively stable so that the source impedance need 
not be constant. Balanced differential inputs are provided 
so that the signal source may be referenced to any reason- 
able level independent of the IA output load reference. 
Common mode rejection, a measure of input balance, is 
very high so that noise pickup and ground drops, character- 
istic of remote sensor applications, are minimized. 


Care is taken to provide high, well-characterized stability of 
critical parameters under varying conditions, such as chang- 
ing temperatures and supply voltages. Finally, all compo- 
nents that are critical to the performance of the IA are in- 
ternal to the device (with the exception of a single gain- 
determining resistor or resistor-pair). The manufacturer may 
then optimize, characterize and guarantee the specifications, 
while the user may in turn depend on a certain level of per- 
formance without having to provide his own precision appli- 
cation components or design expertise. 


The precision of an IA is provided at the expense of flexibil- 
ity. By committing to the one specific task of amplifying 
voltage, the [A manufacturer may optimize performance in 
this area. An IA is not intended to perform integration, dif- 
ferentiation, rectification, or any other non-voltage-gain 
function; although possible with an IA, these tasks are best 
left to operational amplifiers. 


To put an instrumentation amplifier to work, the potential 
user does not require an intimate knowledge of its internal 
construction. Figure 1, a functional diagram of a basic 1A, 
provides sufficient information for many applications. 


OC POWER 
SUPPLIES 


OFFSET 

ADJUST 

Vout = Vin }f(Rg)! 
OR 

Vout a Vin if(Rg.Rg)} 


ERROR VOLTAGE 
AND/OR GROUND — 
DROPS 


SUPPLY GROUND 
(LOAD RETURN) 


EXTERNAL GAIN-SETTING RESISTOR OR 
RESISTOR-PAIR. 


Figure 1. Basic Instrumentation Amplifier 
Functional Diagram 


The two inputs shown permit direct interface to ‘‘floating’’ 
signal sources. The IA, being truly differential, detects only 
the difference in voltage between its inputs; any common- 
mode signals (signals present on both inputs), such as noise 
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and voltage drops in ground lines, are subtracted and can- 
celled at the inputs before amplification takes place. * 


A single resistor or resistor-pair is used to program the IA 
for the desired gain. The manufacturer will provide a trans- 
fer function or gain equation that allows the user to calcu- 
late the required values of resistance for agiven gain. Special 
requirements for that resistor or resistors, if any, are also 
spelled out by the manufacturer. 


The output is single-ended and is designed to drive ground- 
referenced loads as normally found in measurement equip- 
ment. The load reference is common to the power supply 
return although careful consideration must be given to the 
overall grounding system (more on that later). 


Of course, power must be supplied to the IA; as with op 
amps, this is normally a differential balanced voltage that 
may be varied over a specified range. . 


Most instrumentation amplifiers provide some means of ad- 
justing offset voltage (that dc error voltage present at the 
output when both inputs are grounded). This adjustment is 
usually made by varying the setting of an external potentio- 
meter. Sense and reference terminals allow remote sensing 
of output voltage so that effects of IR drops and ground 
drops may be minimized. For lowcurrent non-remote loads, 
the sense terminal may be tied directly to the output while 
the reference terminal may be tied to power supply common. 
There are other uses for sense and reference that will be 
discussed in the applications section of this article. 


INSIDE AN INSTRUMENTATION AMPLIFIER 


While there are many ways of designing an instrumentation 
amplifier, most such designs can be classified into one of 
two categories. The most common configuration consists of 
a number of interconnected operational amplifiers and a 
precision resistor network. This technique is popular in 
modular and hybrid instrumentation amplifiers where most 
practical designs utilize a minimum number of components. 
Examples are the modular Analog Devices model 605 and 
hybrid AD522 |A’s. 


In the other category are designs that, instead of employing 
op amps, use fundamental active-circuit elements, such as 
differential circuits and controlled current sources and re- 
flectors; this eliminates all unnecessary or redundant fea- 
tures and tends to minimize active device (transistor) count 
and decrease the dependence upon accurate resistor match- 
ing. This technique is most often employed in the design of 
monolithic |A’s where cost is inversely proportional to chip 
size. Examples are the monolithic Analog Devices AD520 
and AD521 IC 1A’s. Some older modular I!A’s (such as the 
Analog Devices models 602 & 603) also use this technique 
because suitably precise IC op amps have only recently 
become readily available. Newer modular !A’s may also use 
this technique because nonlinearity tends to be lower at 
high gains, although some sacrifice of linearity may exist at 
lower gains. Examples are the Analog Devices models 606 
& 610. 


Op Amp Based IA’s 
The most simple (and crude) method of implementing a dif- 
ferential gain block with op amps is shown in Figure 2. 


*For applications involving extremely high common-mode voltages, 
or requiring complete galvanic isolation, isolation amplifiers should 
be used. Analog Devices manufactures a complete line of single and 
multi-channel isolators. 


VOL. 1, 21-22 APPLICATION NOTES 


+ 
Vin 


Vin~ 


R R2+R R 
+ 2 3 +R, - [Ra 
Vout * Vin (= +Ro ) ( R3 ) ~ VN (F ) 


Figure 2. Differential Input Voltage Gain Block 
(Simple Subtractor) 


In this circuit, an expressions for Voy7 can be derived by 
superposition. 


The output for Vig * (Vjq~ grounded) is: 


R; R,+R, | 
Es + re ee og ee 1 
Vo, = Vin G Ar) ( R; ) (1) 
The output for Viy)~ (Vin * grounded) is: 
Ra 
Vo. = -Vin7 | = (2) 
Oa (Rs) 


By superposition: 


If R» = Ry, Ry = R3: 


_\ Ra 


Thus, we have created a simple differential voltage ampli- 
fier. The input impedances, however, are low and unequal. 
Furthermore, all 4 resistors have to be carefully ratio- 
matched to maintain good common mode rejection: 


| - Sed 
Vout cm = Vout for Vin” = Vin 


If we are looking for a gain of 1, all resistors will be equal. 
For a 0.1% mismatch in just one of the resistors: 


R, = R3 = Ra =R . 
R, =-0.999R 
j ay 0.999R =) - x) 
OCM TIN 1.999R R R 
= 0.0005V,,, (6) 
CMR = 66dB 


(Note that if the source resistance is not low and 
balanced, gain and CMR will be further degraded.) 


| Considering what is available in the way of reasonably priced 
standard resistors, one can hardly expect to improve upon 
this mediocre level of performance. Considering the several 
serious drawbacks, it is not surprising that this configuration 
is not used in true instrumentation amplifier designs. 


The two-amplifier approach shown in Figure 3 overcomes 
some of the weaknesses inherent in the simple subtractor 
of Figure 2. 


Rg 


© Vout 


Figure 3. “Two-Amplifier” Instrumentation Amplifier 


Input resistance is high, thus permitting the signal sources 
to have unbalanced, non-zero output impedance. Further- 
more, gain may be changed by switching only one resistor 
thus allowing CMR to remain constant once initial trimming 
is accomplished. (CMR is still dependent upon the ratio- 
matching of four resistors.) The major disadvantage to this 
design is that the common mode voltage input range is a 
function of gain and can thus be very poor. By referring to 
Figure 3, it can be seen that A1 is called upon to amplify a 
common mode signal by the ratio (R3 + R,)/Rq; this could 
lead to saturation of A1 thus leaving no ‘‘headroom” to 
amplify the differential signal of interest. A few modules 
and hybrids use this configuration because of its simplicity, 
but it is not optimal. 


The most popular configuration for op-amp based instru- 
mentation amplifiers is shown in Figure 4: 


© SENSE 


(EXTERNAL 
CONNECTION) 


Vout 


Rg 
(EXTERNAL) 


9 REFERENCE 


(EXTERNAL 
CONNECTION) 


Figure 4. “Classic’’ 3 Op Amp Instrumentation Amplifier 


The transfer function of this circuit can be calculated by 


superposition. 


For Viy* = 0 
R, +R 
1 
a IN Re (7) 
R v 
Mb = Vin (BE (8) 
G 


For Vin” = 
oe 
% =vn* ($5) (9) 
G 
R, +Re 
Vp Vint ( 7 ) (10) 
, | _ + 
. Va = VIN ( 


lf R3 =R3',R, =R,/,andR, =R," 

R3 
Vout = (Vp - Va) (72) om) 
substituting for V, and V, and simplifying 


2R R | 
Vout = (Yin* - Vin”) (Got (=) a 


In this configuration, gain accuracy and CMR still depends 
upon the ratio-matching of R,, R,’, R3 and R3. It can 
be shown, however, that CMR does not depend on the 
matching of R, and R,’. 


R, +R 
Vem out = (Va - Vb) = Vin” (Pi *8s) 


_ ([R [Ry + Re Ry 
vin (Re) Yn" am?) *Vn' (5) (18 


but Vow in = Vin” = Vin7 


Ri+tRg R, Ry'+Rg,R1’ 
V =V eve. , Hy ee Ne es (17) 
CM OUT CM nf Rc Rg Rc Re 
’ , 
R, R Ry , Ry 
V oo ee | ee eT (18) 
CM nf G G G Ré 
= Vom wf] 
= 0 


Therefore, in theory at least, the user may take as much gain 
in the front end as he wishes (as determined by Rg) without 
increasing the common mode error signal. Thus, CMRR will 
theoretically increase in direct proportion to gain, a very 
useful property. Furthermore, common-mode signals are 
only amplified by a factor of 1 regardless of gain because 
no common-mode voltage will appear across R, hence, no 
common-mode current will flow in it (the input terminals 
of an op-amp operating normally will have no significant 
potential difference between them). This means that large 
common-mode signals may be handled independent of gain. 


Finally, because of the symmetry of this configuration, first 
order common-mode error sources in the input amplifiers, 
if they track, tend to be cancelled out by the output stage 
subtractor. These features explain the popularity of this |A 
design technique; examples include the Analog Devices 
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ope 
Fy 
a 
: _ 


module model 605 and the hybrid AD522. Both of these 
products are characterized by their extremely high precision. 


|A’s of this type may use either FET or Bipolar input oper- 
ational amplifiers. FET input devices have very low bias 
currents and are well-suited for use with very high source 
impedances. FET input op amps, however, generally have 
poorer CMR than bipolar amplifiers due to non-geometry 
related mis-matches. (In other words, matching of FET’s is 
largely a function of process control; matching bipolar tran- 
sistors is less process dependent.) This will manifest itself in 
lower linearity and CMR for large input voltages. Further- 
more, these mis-matches usually cause larger input offset 
voltage drifts. For these reasons, Analog Devices instrumen- 
tation amplifiers use bipolar input stages thus sacrificing 
low bias currents to achieve high linearity and CMR along 


with low input offset voltage drift. As technology develops, 
FET input |A’s may become more viable. 


Dedicated Design 1A’s 

The second category of !A design is based on minimum 
active device count; a virtue for monolithic IC circuits. The 
basic schematic for such a design is shown in Figure 5. 


+V5 


MAIN SIGNAL 


AMPLIFIER 


CONTROL 
AMPLIFIER 


-Vs 
Figure 5. Typical IC |A Basic Schematic 


Forward gain is provided by the input differential stage 
Q, and Q, whose current gain (transconductance) is 1/Rg 
(amps/volt) and the main signal amplifier A, which senses 
differences in input stage collector currents. When the out- 
put is connected back to sense (with reference grounded) 
differential stage Q3; and Q, acts as a feedback error- 
sensing amplifier with a transconductance of 1/Re (amps/ 
volt). Az senses the collector current imbalance in that stage. 


When a differential voltage is applied to the inputs, the col- 
lector currents of Q; and Q, tend to become unbalanced 
by (Vin* - Vin 7)/Re. This is sensed by A, which develops 
an error voltage between the sense and reference points. 
This, in turn, tries to unbalance the collector currents in Q3 
and Q, by (Vsense -VRer)/Rg-. That unbalance is sensed 
by A, which then adjusts |; and I, to equalize the collector 
currents in Q3 and Qy (Iq - !3 = (Vg - Vp)/Rg). Az simul- 
taneously adjusts |, and I, such that |, - Iz = Iq - 13. 
Balance is reached when: 


Vs-Va Vi - V2 


Re clare a 
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- ‘VY 
i¢ YS oR = -OUT = Gain (20) 


and I, -13 =|, -l, 


PSCALE | (21) 


Gain = 
RGAIN 

It is apparent from this analysis that the requirement for 
carefully matched resistors changes to a requirement for 
carefully matched active devices. In IC technology, this is 
possible by utilization of precision photographic techniques 
along with careful design layout and well-controlled pro- 
cessing. The result is a good trade-off between high per- 
formance and low cost. 


This design configuration describes the Analog Devices 
AD520, the industry’s first monolithic IC |A. The AD521 
is a second-generation monolithic lA offering improved per- 
formance at a reduced cost. * 


INSTRUMENTATION AMPLIFIER SPECIFICATIONS 


To successfully apply any electronic component, a full 
understanding of its specifications is required. That is to say, 
the numbers contained in a spec sheet are of little value if 
the user doesn’t have a clear picture of what each spec 
means. In this section, a typical instrumentation amplifier 
specification sheet will be reviewed. Each individual speci- 
fication will be discussed in terms of how it is measured 
and what error it might contribute to the overall perfor- 
mance of the circuit. In some cases, a given specification 
may not affect a particular application; the more common 
situations of this type will be discussed. 


Table 1 is the specification sheet for the Analog Devices 
AD522 instrumentation amplifier, chosen for its rather 
complete characterization and its varity of available versions. 


At the top of the spec sheet is the statement that the listed 
specs are typical @ Vo = +15V, Ry = 2kQ2 and Ty = +25°C 
unless otherwise specified. This tells the user that these are 
the normal operating conditions under which the device is 
tested. Deviations from these conditions might degrade (or 
improve) performance. When deviations from the “normal” 
conditions are likely (such as a change in temperature) the 
significant effects are usually indicated within the specs. 
This statement also tells us that all numbers are typical 
unless noted; ‘‘typical’’ means that the manufacturers char- 
acterization process has shown this number to be average, 
but individual devices may vary. 


Specifications not discussed in detail are self-explanatory 
and require only a basic knowledge of electronic measure- 
ments. Those specs do not apply uniquely to instrumen- 
tation amplifiers. 


Gain 
These specs relate to the transfer function of the device. 


2(10° 
Gain Equation: G = 1+ 2( 


(22) 


To select an Rg for a given gain, solve the equation for Rg 


200,000 
ao eal (23) 


*The AD521 data sheet, available from Analog Devices, offers a 
complete circuit description along ‘with specifications and appli- 
cations of this versatile device. 


(in ohms): Rg = 


TABLE 1 


AD522 SPECIFICATIONS ' 
(Typical @ +Vg = +15V, Ry = 2kQ. & Ty = +25°C unless otherwise specified) ; i 
MODEL AD522A AD522B AD522S 
GAIN 5 
Gain Equation 1+ asi) . . 
Re 
Gain Range 1 to 1000 . . 
Equation Error 
G=1 0.2% max 0.05% max es 
G = 1000 1.0% max 0.2% max aaa 
Nonlinearity, max 
G=1 0.005% of F.S. (+10V) 0.001% ie 
G= 10 0.006% of F.S. (+10V) 0.0025% a 
G = 100 0.01% of F.S. (£10V) 0.005% ui 
Gain vs. Temp, max 
G=1 2ppm/°C (1ppm/°C typ): 7 
G = 1000 50ppm/°C (25ppm/°C typ) ‘ 


OUTPUT CHARACTERISTICS 
Output Rating 


DYNAMIC RESPONSE 

Small Signal (-3dB) 
G=1 
G = 100 

Full Power GBW 

Slew Rate 

Settling Time to 0.1%, G = 100 
to 0.01%, G = 100 
to 0.01%, G = 10 
to 0.01%, G = 1 


VOLTAGE OFFSET 
Offsets Referred to Input 
Initial Offset Voltage (adj. to 0) 
G=1 
vs. Temperature, max 
G=1 
G = 1000 


1<G<1000 


vs. Supply, max 
G=1 
G = 1000 


INPUT CURRENTS 
Input Bias Current 
Initial max, +25°C 
vs. Temperature 
Input Offset Current 
Initial max, +25°C 
vs. Temperature 


INPUT 
Input Impedance 
Differential 
Common Mode 
Input Voltage Range 
Minimum Differential Input 
Maximum Differential Input 
Maximum Common Mode Linear 
Maximum Common Mode Input 
Common Mode Rejection 
Min @ +10V, 1kQ2 Source 
Imbalance 
G = 1 (de to 30Hz) 
G = 10 (dc to 10Hz) 
G = 100 (dc to 3Hz) 
G = 1000 (dc to 1Hz) 
G = 1 to 1000 (dc to 60Hz) 


NOISE 
Voltage Noise, RT! 
0.1Hz to 100Hz (p-p) 
G=1 
G = 1000 
10Hz to 10kHz (rms) 
G=1 
TEMPERATURE RANGE 
Specified Performance 
Operating 
Storage 
POWER SUPPLY 


Power Supply Range 
Quiescent Current, max @ +15V 


+10V @ 5mA min 


300kHz 
3kHz 
1.5kHz 
0.1V/us 
0.5ms 
5ms 
2ms 
0.5ms 


+400uUV max (+200uV typ) 


+50uV/°C(4+10uV/°C typ) 
+6uV/°C 
50 


# (2 + 6) uVv/°C 


+20uV/% 
+0.2uV/% 


+25nA 
+100pA/°C 


+20nA 
+100pA/°C 


10’Q 
10°2 


+10V 
+20V 
+10V 
+15V 


75dB (90dB typ) 
90dB (100dB typ) 
100dB (110dB typ) 
100dB (120dB typ) 
75dB (88dB typ) 


15uV 
1.5uV 


15uV 


-25°C to +85°C 
-55°C to +125°C 
-65°C to +150°C 


+(5 to 18)V 
+10mA 


+200uV max (+100uV typ) 
+25uV/°C(t5uV/°C typ) 
+2uv/°C 


25 0 
+ 
(3 + 2) uVv/C 


+ * * * 
# 


80dB (100dB typ) 
95dB (110dB typ) 
100dB (120dB typ) 
110dB (>120dB typ) 
80dB (88dB typ) 


* 


+8mA 


+200uV max (+100uV typ) 


+100uV/°C(+10uV/C typ) 
+6uV/°C 


‘ 100 
G 


* 


+ 6) uVi’C 


* 


+25nA 
+100pA/°C 


+20nA 
+100pA/°C 


75dB (90dB typ) 
90dB (110dB typ) 
100dB (120dB typ) 
100dB (> 120dB typ) 


-55°C to +125°C 


* 7 « 


* 


+8mA 


“Specifications same as AD522A **Specifications same as AD522B Specifications subject to change without notice. 
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For example: 
~G=1  : Rg = (open circuit) 
G=10 : Rg = 22,2220 
G = 100 : Rg = 2020.22 
G = 1000: Rg = 200.2082 


Of course the user must provide a very clean circuit board 


to realize an accurate gain of 1 since 200MQ leakage resist- 


ance will cause a gain error or 0.1%. 


Gain Range 

Specified at 1 to 1000, this device may (and in fact will) 
work at higher gains, but the manufacturer will not promise 
any particular level of performance. In practice, noise and 
drift may make higher gains impractical for this device. 


Equation Error 

The number given by this specification describes maximum 
deviation from the gain equation. The user can trim the gain 
(above unity) or can compensate elsewhere in his design. If 
his data is eventually digitized and fed to an “‘intelligent 
system” (such as a microprocessor), he'might be able to 
correct for gain errors by measuring a reference and multi- 
plying by a constant. 


Nonlinearity 

Nonlinearity is defined as the deviation from a straight line 
on the plot of output versus input. Figure 6a shows the 
transfer function of a device with exaggerated nonlinearity. 
The magnitude of this error can be calculated thus: 


Ae | Actual Output - Calculated Output 
= Rated Full-Scale Output Range 


‘To confuse matters, this deviation can be specified relative 
to any straight line or to a specific straight line. There are 
two commonly-used methods of specifying this ideal straight 
line relative to the performance of a precision measure- 
ment device. 


The “Best Straight Line’ method of nonlinearity specifica- 
tion consists of measuring the peak positive and negative 
deviations and adjusting the slope of the device transfer 
function (by adjusting the gain and offset) so that these 
maximum positive and negative errors are equal. This 
method yields the best specifications but is difficult to im- 
plement in that it requires that the user examine the entire 
output signal range to determine these maximum positive 
and negative deviations. The results of a best-straight-line 
calibration is shown by the transfer function of Figure 6b. 


The “End-Point” method of specifying nonlinearity requires 
that the user perform his offset and/or gain calibrations at 
the extremes of the output range. This is much easier to 
implement but may result in nonlinearity errors of up to 
twice these attained with best-straight-line techniques. This 
worst case will occur when the transfer function is bowed” 
in one direction only. Figure 8c shows the results of end- 
point calibration. 


Most linear devices, such as instrumentation amplifiers, are 
specified for best-straight-line linearity. The user must take 
this into consideration when evaluating the error budget for 
his application. 
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‘Regardless of the method used to specify nonlinearity, the 


errors thus created are irreducible. That is to say that these 
errors are neither fixed nor proportional to input or output 
voltage and can not be reduced by adjustment. 


Referring to the AD522 specifications, the larger number at 
G = 100 indicates that in the AD522, nonlinearity increases 
with gain. 
Nout 
GAIN 
IDEAL (STRAIGHT LINE) 
ACTUAL RESPONSE 


-Viy FULL-SCALE 
Vin 
+Vin FULL-SCALE 


le*MAX|> IE™MAX | 
ie*MAX 1+ IE7MAX |= K 


a.) Transfer Function Iflustrating 
Exaggerated Nonlinearity 


-Viy FULL-SCALE 


+Viy FULL-SCALE 
K 
le*MAX |= IE"MAX |= a 
ie*MAX|+ IE"MAX!= K 


b). Transfer Function a.) After 
Calibration by Best-Straight- 
Line Method 


-Viy FULL-SCALE 
ee Vin 
+Vjy FULL-SCALE 

: le*MAX |> IE"MAX | 


le*MAX 1+ IETMAX |= K 


c). Transfer Function a.) After 


Calibration by End-Point Method 


Figure 6. Nonlinear Transfer Function 


Gain vs. Temperature 

These numbers give both maximum and typical deviations 
from the gain equation as a function of temperature. An 
intelligent system can correct for this with an ‘‘auto-gain” 


' cycle (measure a reference and re-normalize). 


Settling Time 

Settling time is defined as that length of time required for 
the output voltage to approach and remain within a certain 
tolerance of its final value. It is usually specified for a fast 
full scale input step and includes output slewing time. Since 
several factors contribute to the overall settling time, fast 
settling to 0.1% doesn’t necessarily mean proportionally 
fast-settling to 0.01%. In addition, settling time is not nec- 
essarily a function of gain. Some of the contributing factors 


inaludie slew rate limiting, under-damping (ringing) and 
thermal gradients (“long tails”). 


‘Voltage Offset 

Voltage offset specifications are often considered a figure 
of merit for instrumentation amplifiers. While initial offset 
may be adjusted to zero, shifts in offset voltage could cause 
errors. Intelligent systems can often correct for this factor 
with an auto-zero cycle, but there are many small-signal 
high-gain applications that don’t have this capability. 


Voltage offset and offset dritt comprise two components 
each; input and output offset and offset drift. Input offset 
is that component of offset that is directly proportional to 
gain, i.e., input offset as measured at the output at G = 100 
is 100 times greater than at G = 1. Output offset is independ- 
ent of gain. At low gains, output offset drift is dominant, 
while at high gains input offset drift dominates. Therefore, 
the output offset voltage drift is normally specified as drift 
at G = 1 (where input effects are insignificant), while input 
offset voltage drift is given by drift specification at a high 
gain (where output offset effects are negligible). All input- 
related numbers: are referred to the input (RTI) which is 
to say that the effect on the output is ‘’G’’ times larger. 
Voltage offset vs. power supply is also specified at one or 
more gain settings and is also RTI. 


Input Bias Currents 

Input bias currents are those currents necessary to bias the 
input transistors of a de amplifier. FET input devices have 
lower bias currents, but those currents increase dramatically 
with temperature, doubling approximately every 11°C. 
Since bias currents can be considered as a source of voltage 
offset (when multiplied by source resistance), the change in 
bias currents is of more concern than the magnitude of the 
bias currents. Input offset current is the difference between 
the two input bias currents. 


Although instrumentation amplifiers have differential inputs, 
there must be a return path for the bias currents. If this is 
not provided, those currents will charge stray capacitances, 
causing the output to drift uncontrollably or to saturate. 
Therefore, when amplifying ‘floating’ input sources such 
as transformers and thermocouples, as well as ac-coupled 
sources, there must still be a dc path from each input 
to ground. 


Common-Mode Rejection 

Common-mode rejection is a measure of the change in out- 
put voltage when both inputs are changed equal amounts. 
These specifications are usually given for a full-range input 
voltage change and a specified source imbalance. ‘“Common- 
mode rejection ratio’’ (CMRR) is a ratio expression while 
“‘common-mode rejection’”’ (CMR) is the logarithm of that 
ratio. For example, a CMRR of 10,000 corresponds to a 
CMR of 80cB. 


In most IA’s the CMRR increases with gain. This is because 
most designs have a front-end configuration that does not 
amplify common-mode signals. Since the standard for CMRR 
specifications is referred to the output (RTO), a gain for 
differential signals in the total absence of gain for common- 
mode output signals will yield a 1-to-1 improvement of 
CMRR with gain. This means that the common-mode out- 
put error signal will not increase with gain, it does not mean 
that it decreases with gain! At higher gains, however, ampli- 
fier bandwidth decreases. Since differences in phase-shift 
through the differential input stage will show up as a 


common-mode error, CMRR becomes more frequency de- 


pendent at high gains. 


Error Budget Analysis 

To illustrate how instrumentation amplifier specifications 
are applied, we will now examine a typical case where an 
AD522 is required to amplify the output of an unbalanced 
transducer. 


COMMON MODE 
NOISE, 1V p-p 


Figure 7. Typical AD522B Application 


Figure 7 shows a differential transducer, unbalanced by 
1kQ, supplying a O to 1 voit signal to a remotely located 
AD522B. The output of the IA feeds a 12 bit A to D con- 
verter with a O to 10 volt input voltage range. There is 1 
volt of peak-to-peak 0 to 10Hz noise on the ground return 
appearing as a common-mode signal at the inputs of the IA. 
The operating temperature range is -25°C to +85°C; cali- 
bration is performed at +25°C. 


The input signal must be amplified by a factor of 10 in 
order to utilize the full resolution of the A to D converter. 
Solving the gain equation for G = 10 gives a value of 22.22kQ2 


for Rg. 


Table 2 lists all applicable error sources and their corres- 
ponding effects on accuracy. Initial errors are defined as 
those errors that can be reduced to a negligible amount by 
performance of an initial calibration. 


Reducible errors include these initial errors along with other 
errors that occur during normal operation that may be 
corrected by an adaptive or “‘intelligent’’ system. For ex- 
ample, changes in gain or offset may be measured during an 
auto-zero/auto-gain cycle by measuring two known voltages 
(a precision reference and ground, for example). This is a 
common practice in computer or processor-controlled 
equipment. 


lrreducible errors are errors which can not be readily cor- 
rected either at initial calibration or in use. It could be 
argued that an array of precision references would permit 
a software linearity correction, but in most applications 
that would be unrealistically cumbersome. 


The total error “as built’ is approximately 5540ppm or 
0.55%. If an initial calibration is performed, this number is 
reduced by 2210ppm to 3330ppm = 0.33%. Note that 
3000ppm of this is gain drift. | 


In many applications, differential linearity and resolution 
are of prime importance. This would be so in cases where 
the absolute value of a variable is less important than 
changes in value. In these applications, only the irreducible 
errors (57.8ppm = 0.006%) are significant. Furthermore, if 
a system has an intelligent processor monitoring the A to D 
output, the addition of a auto-gain/auto-zero cycle will 
remove all reducible errors and may eliminate the require- 
ment for initial calibration. This will also reduce errors 
to 0.006%. 


In the above example, the system can justifiably make use 
of a 13 bit A to D converter for its differential linearity and 
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TABLE 2 
AD522B ERRORS 


4 


Reducible 
Effects on 
Initial Effects Accuracy 
on Accuracy (Correctable irreducible 
“i (May be by “‘Intelligent’’ Effects on 
Error Source AD522B Specs Calculation Calibrated) System) Accuracy 
Gain Error +0.2% +0.2% = +2000ppm +2000ppm +2000ppm Zz 
Gain Instability +50ppm/°C (+50ppm) (85°C -25°C) — +3000ppm _ 
= +3000ppm 
Gain Nonlinearity +0.0025% +0.0025% = +25ppm — = +25ppm 
Offset Voltage +200uV, RTI +200uV/1V = +200ppm +200ppm +200ppm — 
Offset Voltage Drift +4. 5uV/°C (4.5uV/°C)(85°C -25°C) = — +270ppm — 
270uV/1V = 270ppm 
Offset Current +10nA [+10nA][1kQ] +10ppm +10ppm _ 
| = +10uV = +10ppm 
Offset Current Drift +50pA/°C [+50pA}[85°C -25°C]1kQ]  — +3ppm - 
= +3uV = +3ppm 
Common Mode Rejection 95dB -95dB = 20 log e€ — ee +17.8ppm 
€ = 0.0000178 = 17.8ppm 
Noise 15uV p-p (0.1Hz = 154V/1V = 15ppm — = +15ppm 
to 100Hz) 
Totals 2210ppm 5483ppm 57.8ppm 


resolution. Dynamic range exceeds 84dB (14 bits). Absolute 
accuracy depends on calibration and system interaction 
Capabilities; it might be as good as the resolution (0.006%) 
or as poor as the initial accu racy (0.55%). 


INSTRUMENTATION AMPLIFIER APPLICATIONS 


General Considerations 

Whenever a precision high-gain device—such as an instru- 
mentation amplifier—is used, certain precautions apply. 
Obviously, it is wise to have a clean layout, short wire 
runs where possible and a carefully considered grounding 
scheme. Figure 8 shows a well-thought out approach to IA 
interconnection. 


Figure 8. AD522 Interconnection 


A properly designed instrumentation amplifier exhibits low 
sensitivity to power supply variations; the AD522, for ex- 
ample, shows an RTI offset variation of only 0.2uV per per- 
cent of power supply change at G = 1000. At increasing 
frequencies, however, this rejection factor will degrade as 
internal capacitances permit more power supply noise to 
find its way into the signal path. This effect can be mini- 
mized by bypassing the power supplies, as close to the IA 
as possible, with 0.1uF ceramic disc capacitors. Larger 
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tantalum capacitors would be effective against lower frequen- 
cy variations, but a competent IA is capable of rejecting 
most of these slower changes. 


The offset adjustment pot usually affects the balance of the 
high gain differential input stage. Short wire runs to this pot 


will minimize injection of noise into a sensitive location. 


The gain-determining resistor, Rg, is often remotely located 
for purposes of gain switching. A well-designed IA will tol- 
erate this to a certain extent, but stray capacitances and 
wiring inductance may disturb the frequency compensation 
of the device. Sometimes it becomes necessary to install a 
series RC right at the Rg terminals of the IA to add a com- 
pensating zero to correct for LC resonances caused by stray 
inductances and capacitances. This lead compensation may 
improve stability at the cost of a peak in the frequency re- 
sponse curve at the high end. Unfortunately, this compen- 
sation, if required, depends on the individual application 
and is usually determined experimentally. 


Most IA’s are provided with ‘‘sense’’ and “‘reference’’ out- 
puts. While there are several interesting uses for these fea- 
tures (to be discussed later), the most basic application is 
remote load sensing. This essentially puts the IR drops | 
“inside the loop” of the IA and is most useful when driving 
remote and/or heavy loads or when the load ground is not 
firmly “‘anchored” to the power supply returns. . 


Grounding is a topic worthy of its own application note (see 
“An IC Amplifier User’s Guide to Decoupling, Grounds, 
etc.”” by A. P. Brokaw). In the case of instrumentation 
amplifiers, the main thing to remember is that all signal and 
power returns must eventually have a direct or indirect 
common point. Direct coupling of |A inputs make it neces- 
sary to provide signal ground returns for input amplifier 
bias currents. Figure 8 shows a direct connection. If a 
“floating’’ source or ac coupling is used, indirect returns 
similar to those shown in Figure 9 must be provided. 


-Vs GND +Vs 


a). Transformer Coupled 


-Vs GND +V5 


b). Thermocouple 


-Vs GND +V5 


c). AC Coupled 


Figure 9. Indirect Ground Returns 
for “‘Floating’’ Transducers 


Signals from remote transducers are often transmitted to 
the IA through shielded cables. While this may well serve 
to reduce noise pick-up, the distributed RC’s in such cabling 
can cause differential phase shifts in those lines. When ac 
common-mode signals are present, these phase shifts will 
reduce common-mode rejection. The same effect will occur 
with remote Rg’s located at the end of shielded cables. 
If the shields could be driven by the common-mode signal, 
the cable capacitance could be ‘‘boot-strapped”’ thus making 
the capacitance effectively zero for common-mode signals. 
The data guard output of the AD522 provides the common- 
mode component of the input signals and can be used to 
drive the shields of coaxial input cables and increase ac 
CMR. Figure 8 illustrates this connection; if not used, the 
data guard should be left unconnected. 


-Vs GND +Vs 


Figure 10. Current-Booster Output 


Boosted Output; be 
In the previous section, use of the sense terminal for remote 
load sensing was discussed. Another use of that terminal is 


illustrated in Figure 10. 


Typically, IC instrumentation amplifiers are rated for a full 
+10 volt output swing into 2kQ2. In some applications, 
however, the need exists to drive more current into heavier 
loads. Figure 10 shows how a high-current booster may be 
connected ‘“‘inside the loop’ of an instrumentation ampli- 
fier to provide the required current boost without signifi- 
cantly degrading overall performance. Nonlinearities, off- 
set and gain inaccuracies of the buffer are minimized by 
the loop gain of the |A output amplifier. Offset drift of the 
buffer is similarly reduced. 


Offset Load 

The reference terminal may be used to offset the output by 
up to +10V. This is useful when the load is “floating” or 
does not share a ground with the rest of the system. It also 
provides a direct means of injecting a precise offset. 


Two caveats apply to the use of the reference pin. When the 
IA is of the three-amplifier configuration shown in Figure 4 
(as is the AD522), it is necessary that nearly zero impedance 
be presented to the reference terminal. It can be shown that 
any significant resistance from the reference terminal to 
ground increases the gain of the non-inverting signal path 


thereby upsetting the common-mode rejection of the IA. 


An operational amplifier may be used to provide that low 
impedance reference point as shown in Figure 11. The in- 


put offset voltage characteristics of that amplifier will add 


directly to the offset voltage performance of the IA. 


-Vs GND +Vs 


Figure 11. Use of Reference Terminal to Provide 
Output Offset 


The other precaution is more obvious. The output voltage 
range of an IA is clearly specified; if that range is mostly 
used up by offset at the reference terminal not much range 


is left for the signal. In other words, the sum of the offset 


and signal may not exceed the specified output voltage range 
of the IA. 


CMR Trim 

The effect of resistance in the reference termination may 
be used to advantage. A short-term CMR improvement can 
be realized with the circuit shown in Figure 12. 


While applying a low-frequency 20 volt peak-to-peak input 
signal to both inputs, the pot should be adjusted for an out- 
put null. In many cases this adjustment will not improve 
matters on a long-term basis since the common-mode rejec- 
tion of the device is determined by the long-term stability 
of internal components (which will drift regardless of what 
happens externally). 
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Figure 12, Common Mode Rejection Trim 


Controlled Currents 

An instrumentation amplifier can be turned into a voltage- 
to-current converter by taking advantage of the sense and 
reference terminals as shown in Figure 13. 


Figure 13. Voltage-To-Current Converter 
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By establishing a reference at the “low” side of a current 
setting resistor, an output current may be defined as a 
function of input voltage, gain and the value of that resistor. 
Since only a small current is demanded at the input of the 
buffer amplifier A,, the forced current |, will largely flow 
through the load. Offset and drift specifications of A, must 
be added to the output offset and drift specifications of 
the IA. 


CONCLUSIONS 


Thus characterized, the instrumentation amplifier stands 
ready to take its place in the Grand Order of Things. The 


preliminary contention that an IA is not a special sort of 


operational amplifier should now be obvious. Its versatility 
is limited in scope but its applications are limited only by 
the imagination of the potential user. As a precision linear 
device, an IA is qualified mainly by its specifications, a full 
understanding of which is necessary to successfully use it to 
advantage. Analog Devices, as a long time supplier of com- 
ponents for precision measurement applications, offers a 
full spectrum of instrumentation amplifiers in modular, 
hybrid and monolithic IC form, each ideally suited to par- 
ticular applications. We hope that this article will help clarify 
the issues involved and will aid in the selection of a suitable 
device for a particular application. 
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Interfacing the AD558 DACPORT ™ 
to Microprocessors 


by Doug Grant 


The AD558 represents a major breakthrough in monolithic 
DAC technology. It is a true complete 8-bit unit including 
reference, output amplifier, and data latch on a single chip 
designed to operate from a single positive power supply. 
Figure 1 shows the block diagram of the device. The in- 
ternal reference is a 1.2 volt bandgap type. The actual 
digital-to-analog conversion is accomplished by means of 
eight PNP current switches driving a precision thin-film 
R/2R ladder network to produce a direct unbuffered 0 to 
400 millivolt analog signal. The high-speed output amplifier 
provides pin-selectable output scales of 0 to 2.56 volts and 
0 to 10.00 volts. Settling time of the voltage output is typi- 
cally 700 nanoseconds for a full-scale step, and the resistive 
pulldown output stage with a proprietary anti-saturation 
driver provides single-supply operation. 
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Figure 1. AD558 Functional Block Diagram 


The PNP current switches are driven from the outputs of 
the octal data latch. This latch is fabricated using Analog 
Devices’ linear-compatible-I2L technology. This process 
provides a dense, low-power logic family which can be pro- 
duced without compromising the linear components neces- 
sary for converter design. 


The latch is operated from two TTL-compatible control 
signals, CS and CE. Figure 2 shows the truth table for the 
latch. The CS and CE inputs are interchangeable, and the 
latch is transparent when both CS and CE are low. When 
either contro! input returns high, the eight-bit data word 


DACPORT is a trademark of Analog Devices, Inc. 


is latched and the analog output is unaffected by further 
activity on the data lines. This latch permits simple inter- 
face to many popular microprocessors, as will be shown in 
the remainder of this application note. 


Ju: = Latch 
Input Data CE CS DAC Data Condition 

0 0 0 O “transparent” 
1 0 0 1 “transparent” 
0 £ 0 0 latching 

1 £ Oo 1 latching 

0 0 £ 0 latching 

1 0 Ff 1 latching 

x 1 X previous data latched 

x x 1 previous data latched 

Notes: X = Does not matter 


f= Logic Threshold at Positive-Going Transition 


Figure 2. AD558 Control Logic Truth Table 


‘GENERAL CONCEPTS 


While microprocessor control signals vary widely from one 
architecture to the next, two conditions must be signalled 
to the AD558. First, the processor must indicate which 
memory (or 1/O) location is being operated upon. An ad- 
dress decoder is used to provide a unique signal for each dis- 
tinct address. This signal is normally applied to CS (Chip 
Select). Depending on system complexity, this decoding 
may range from direct connection to an address line to a 
complete decoding of all memory locations. The second 
signal necessary is an indication of whether the data on the 
bus is flowing from processor to memory (WRITE) or from 
memory to processor (READ). In the case of a DAC, where 
data is flowing from the processor, a WRITE signal is used. 
This signal is normally applied to the DACPORT CE 
(Chip Enable). 


8080A Interface . 

The 8080A microprocessor provides two possible methods 
of sending data to an AD558 or other |/O port: memory- 
mapped or isolated |/O. Both types are useful and will be 
examined. In memory-mapped 1!/O, the I/O devices are 
treated as part of the memory array. This allows the full 
range of memory reference instructions and addressing 
modes to be used to manipulate the data. 
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ry vy 


_ The isolated 1/0 technique treats the /O devices as separate 
system elements, accessed by READ and WRITE signals - 
distinct from the memory READ and WRITE signals. In 
the 8080A, while there are 64K memory locations, there 
are only 256 dedicated I/O addresses. This permits simpler 
address decoding in some systems. The primary disadvantage 
of isolated 1/O is that all data must pass through the ac- 
cumulator. Direct transfer of data from a register (or 
memory) to an I/O device is not possible. 


READ and WRITE signals for memory and I/O are available 
on the 8080A data bus at the beginning of each machine 
cycle and are latched externally. The latch function can be 
accomplished with dedicated chips such as the 8228 (see 
Figure 3) or a few packages of random logic (Figure 4). If 
an active low decoded address signal is applied to pin 10 of 
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Figure 4. Control Signal Generation with Standard Logic 
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the AD558 (CS) and the MEMW (or OUT) is applied to 
pin 9 (CE), the data will be latched and the analog output 
updated wnienener the processor writes into the chosen 
address. 


lf, for example, a previous subroutine has generated a byte 
of data to be sent to the DAC, and returned this eye in 
the B register, a simple routine such as: 


MOV A,B 
OUT F1 


will send the data to an AD558 residing at |/O address F1. 
If memory-mapped I/O is used instead, the move to the ac- 
cumulator is unnecessary, and the code becomes simply: 
LX! H, (16 BIT DAC ADDRESS) 
MOV M, B 


ADDRESS BUS 


_ 


8228 DB3 
aI BUS 
DIRECTIONAL DB4 
BUS 
DRIVER DBS 


SYSTEM a MEMW 
CONTROL fy OR 


ANALOG OUT 
070 255V 


Figure 5. Control Signal Connections to AD558 


8085A Interface 

The 8085A is a somewhat improved version of the 8080A. 
It includes an on-chip clock generator requiring only a 
crystal (or LC or RC tuned circuit) to establish the oscil- 
lator frequency. In addition to more flexible interrupt 
handling capability, higher speed, and on-chip serial |/O 
capability, the 8085A operates from a single 5 volt power 


supply. Since a complete family of 8085A compatible 
peripheral components and memory devices are also avail- 
able for single-supply operation, it is unnecessary and in- 
convenient to add a negative power supply to a system just 
to support a DAC. For this reason, the AD558 with its 
single power requirement is clearly the best choice for an 
analog output port. 


The 8085A uses a multiplexed Address/Data bus, which 
contains the lower 8 bits of the desired address during the 
first clock cycle of a machine cycle. The ALE signal is used 
to latch the lower half of the address. For the second and 
third clock cycles, the bus contains the data word. 


As with the 8080A, there are two possible I/O techniques: 
isolated and memory-mapped. Since the upper and lower 
8 bits of the address are identical in |/O operations, it is not 
necessary to latch the lower 8 bits and decode all 16. The 
10/M signal can be used in the address decoder to signify 
that the address on the bus is an 1/O address, not a memory 
location. The active low decoded address can then be ap- 
plied to the AD558 CS. 


\ 
A8-A15 ADORESS VALID 
ADO-AD7 ADDRESS VALID DATA OUT 


two 


ALE 


tWoL 


— DATA NOT VALID 
ON THIS EDGE 


AD558 CE 
(SEE FIG. 7) 
AD558 CS \ a 


Figure 6. 8085A — AD558 Timing Diagram 


The address decoding for memory-mapped 1/O is slightly 
more complex since the total 16-bit address must be dealt 
with. System complexity will dictate exactly how many 
distinct addresses must be decoded, and in smaller systems 
it may be possible to locate an AD558 in a large block of 
otherwise vacant locations. Of course, memory-mapped 
1/O allows the full range of memory reference instructions 
to be used, while isolated 1/O requires data to pass through 
the accumulator before being sent to the DAC. 


Data validity is a subtle point when considering memory- 
mapped !/O, where the DAC appears as a write-only-memory. 
When writing to a RAM, it is permissible to have bad data 
on the bus during the WRITE cycle ‘(as long as it becomes 
valid by the end of the operation), since the outside world 
is not affected by this data. However, unstable data during 
writes to a DAC can cause observable (and usually unde- 
sirable) activity on the output. Thus, WRITE timing for a 
particular processor must be closely examined to determine 
data validity. 


The CE input of the AD558 can be driven directly from the 
WR of the 8085A, even though the data bus is not stable 


until 40 nanoseconds after the falling edge of WR. Since the 
AD558 internal circuitry does not respond to pulses less 
than 60 nanoseconds wide on the data inputs, any invalid 
data during this 40 nanosecond period does not produce an 
erroneous output. 


In the case of an 8085A with a heavily-loaded bus, two 
may be extended long enough to cause bad data to reach 
the AD558 and produce an incorrect analog output. If 
this temporary anomaly can be tolerated, then WR can be 
used to provide the DACPORT'’s CE input. If the output 
glitch is undesirable, the circuits of Figure 7 will provide 
valid signals for CE. 


Systems using the 5MHz 8085A-2 can use WR directly for 
CE, since two is only 20 nanoseconds maximum. Further- 
more, since twp is only 60 nanoseconds, the one-shot 
method shown in Figure 7a does not apply. 


1/6 7404 


: : TO ADS558 CE 


LF “=F j00ns 
33622 


Figure 7a. AD558 CE Generated from 
8085A WR Rising Edge 


TO AD558 
8085 CE 


Figure 7b. CE Generated from WR and CLK 
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Figure 8. AD558 — 8085A Interface 
8048/8748 Interface 


The 8048 series of single-chip microcomputers offers two 
methods of !/O interfacing. The first is a modified version 
of the isolated |/O described for the 8080A. It differs in 
that the 8048 contains two decoded and latched |/O ports 
on the chip. The instructions OUTL P1,A and OUTL P2,A 
perform the functions of sending the accumulator contents 
to PORT 1 or PORT 2, respectively. The AD558 can reside 
directly on either port if pins 9 and 10 are hard-wired to a 
logic 0”. In this mode, the internal latch appears trans- 
parent, and activity on the data inputs causes the DAC 
output to change. Figure 9 shows a typical connection 
scheme. 


*The technique of hard-wiring CS and CE low can be used with 
other single-chip microcomputers (such as the 6801, 3870, 6500/1, 
P1C1650) which feature built-in latched I/O ports. The 8048 is 
chosen as a representative example. The AD558 can also be used in 
this mode in non-uP applications. 
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Vout 
(0 TO 2.55V) 


Figure 9. AD558 Connected to Dedicated I/O Port of 
8048 Microcomputer 


A second method of interface is necessary in 8048-based 
systems with more than two !/O devices. The 8048 BUS 
port allows system memory and 1/O expansion, with the 
RD and WR signals controlling data flow on this bus. 
During a WRITE to external memory (or memory-mapped 
1/O devices) the falling edge of ALE latches the address 
from the bus. The decoded address (active low) is then 
i applied to CS of the AD558. Since this control scheme is 
very similar to 8085 operation, many 8085 system compo- 
nents may be used. However, as with the 8085, when the 
WR of the 8048 goes low, data is not yet valid on the bus. 
The falling edge of WR occurs at least 200 nanoseconds be- 
fore data is valid. The rising edge of WR should be used to 
trigger a one-shot whose low-going output drives the CE 
of the AD558. 
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Figure 10. 8048 Timing for External Memory Write 
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Figure 11. AD558 as External Data Memory 
In this external memory mode, data is sent from the ac- 


cumulator to the external memory using MOVX @ Rr, A 
instructions. These instructions use the RAM pointer 


registers RO and R1 to point to one of 256 external mem-: 
ory addresses. Figures 10 and 11 demonstrate this operating 
mode. 


6800/650X Series Interface* 


The 6800 microprocessor family has only one method of 
data exchange to peripheral devices: memory mapping. 
Thus it.is possible to use any address in the full 64K mem- 
ory space for !/O devices. Since the address bus of the 6800 
is three-state, a signal called VMA is provided to indicate 
that the bus contains a valid memory address. This signal 
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normally used as a part of the address decoding logic to 
prevent inadvertent writes to memory at times when the 
address bus is being controlled by an external device (such 
as aDMA controller). 


ADORESS 
FROM MPU 


VMA 


DATA 
FROM MPU 
225ns 
MAX 


20ns 


AAA) DATA NOT VALID 
Figure 12. 6800 System Write Timing 


Read/Write signaling is accomplished by use of two signals, 
R/W and ¢2. The state of R/W during the up time of $2 (E 
on 6802) determines whether a Read or Write is in progress. 
This requires validity of both W and 2 rather than simply a 
WR to operate the AD558 CE input. To-further complicate 
matters, Figure 12 shows that there is a period of time 
when all control signals are valid, but data is not. In systems 
where spurious outputs can be tolerated (such as de-glitched 
systems or systems unable to respond to sub-microsecond 
pulses) the control signal connection scheme of Figure 13a 
is sufficient. 


This scheme produces a CS signal for the AD558 when 
VMA, $2 and A15 are all high. The R/W signal is used 
for CE. 


The circuit of Figure 13b uses a 74LS221 dual one-shot 
triggered by $2 and W valjdity to produce the delayed 
pulse necessary to operate the AD558 CE input. This 
delayed pulse allows only valid data into the AD558 
data latch. 


DATA BUS 


1/3 7410 


Figure 13b. Glitch-Free 6800 Interface 


*Although this discussion will refer to 6800 control signals, the 
650X series bus architecture is similar (with the exception of 
VMA which is not available on the 650X). For example, topw 
(see Figure 12) is 200 nanoseconds max on the 650X. 


_- 280 Interface 

The Z80 processor uses an instruction set which includes 
all the 8080A instructions as well as several other operations. 
It operates from a single +5 volt supply; therefore Z80-based 
systems do not generally have negative power supplies avail- 
able to power a DAC. The AD558 is thus well suited to 
serve as an analog output port for such a system. 


As with the 8080A, both isolated and memory-mapped 1/0 | 


are possible. The isolated !/O instructions are more flexi- 
ble than the 8080A IN and OUT instructions. For example, 
there are a total of 12 output instructions including trans- 
fers of entire blocks of register indirect addressed data and 
transfers of data from any internal register to a register 
indirect addressed 1/O port. 


Output signaling is accomplished with a WR signal, while 
1ORQ and MREO indicate whether the address on the bus 
is an 1/0 or memory address. (Note that during |/O oper- 
ations only the lower 8 address bits are valid). 


Timing on the Z80 is particularly convenient for AD558 


interfacing, since the data bus is stable and contains valid — 


information while WR is low. The low time of WR is 220 
nanoseconds minimum for memory writes on the higher- 
speed Z80A, and 470 nanoseconds minimum during |/O 
writes. Therefore, WR can be applied directly to CE. 

Address decoding can be as simple or complex as the sys- 
tem requirements dictate. In the simplest case, shown in 


Figure 14, the inverse of A15 is used for the AD558 CS. 
signal. 


Complex systems might decode more address bits to further 
partition the memory space or use |ORQ instead of MREQ 
to accomplish accumulator 1/O. 


ADDRESS BUS 


SYSTEM CONTROL DATA BUS 


Figure 14, Z80A — AD558 Interface 


1802 Interface | ; 

The 1802 CMOS microprocessor is used extensively in 
applications where low power consumption is critical. Many 
of these systems use a single supply (usually 5 volts), which 
makes the AD558 an ideal analog output port. 


The 1802, like the 8080 séries, features both accumulator 
and memory-mapped !/O formats. Accumulator |/O addres- 
ses appear on the NO, N1, and N2 lines with the MRD 
(memory read) signal indicating direction of data flow. This 
allows direct addressing of 14 |1/O devices (device address 
O is not valid). In systems where more than 14 1/O devices 
are used, or where decoding of the N lines is undesirable, 


memory-mapped 1/O is also possible. Address information 
on the 1802 appears on the address bus in two parts: the 


| high-order 8 bits appear first and are latched with the fall- 


ing edge of the TPA clock; the low order byte of address in- 
formation then appears. The active low signal which indi- 
cates presence of the chosen address can be applied directly 
to the AD558 CS input. The DACPORT CE input is oper- 
ated by the 1802 MWR signal. Fortunately the data is 
stable on the bus during the low time of MWR. Figure 15 
shows a generalized configuration for locating a DACPORT 
in the 1802 memory space. 
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Figure 15. 1802 — DACPORT Connection 
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APPLICATIONS 


The AD558 DACPORT can be used in any system which 
requires an analog output from a microprocessor bus. Several 
applications follow which demonstrate the capabilities of 
the device. | 


€ 


Ramp Generation 
Systems such as vector graphic displays and digitally- 


swept VCO’s require digitally-controlled analog voltage © 


ramps. Such ramps are easily generated by an AD558 driven 
by a relatively simple software routine. The 8080A sub- 
routine below accepts input arguments of initial and final 
ramp value in the B and C registers, and timing between steps 
in the D register. It is assumed that the HL register pair 
points to the DACPORT address when the subroutine is 
called. Ramp time is variable from 51 microseconds to 
3.87 milliseconds per point, corresponding to full-scale 
sweep times of 13 milliseconds to 0.992 seconds, respec- 
tively, when this program is executed at 1MHz. | 


MOV A, B 
MOV M,A 
INR B 

MOV E, D 


DCRE 
JNZ LOOP 
CMP C 
JNZ RAMP 
‘RET 


RAMP: 


LOOP: 
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Analog-To- Digital Conversion . 

The process of A-to-D conversion pas involves compar- 
ing the (unknown) analog input signal to the output of a 
DAC controlled by some algorithm. Examples include the 
Staircase or single-ramp ADC which uses a counter-driven 
~ DAC and a comparator. When the comparator detects that 
. the DAC output has exceeded the analog input, the counter 
is’ stopped and the digital value can be read. A similar 
example is the tracking ADC, where the counter used is 
an up/down type, with its direction controlled by the 
comparator. 


These ADC types are usually implemented in hardware | 


using standard MSI logic, low-cost IC comparators, and 
DACs. The counting (or other) algorithm can just as easily 
be performed in software in a microprocessor system if the 
DAC is easily interfaced. The AD558 DACPORT offers 
convenient digital interfacing for such applications. Further- 
more, the internal output amplifier can be operated open- 
loop to perform the comparator function directly. 


Figure 16 shows the circuit diagram for the software- 
controlled ADC. The internal gain-setting resistors are used 
to attenuate the 10V full-scale input signal to a 0 to 400 
millivolt scale and present approximately a 40k{2 load 
resistance to the analog input. The open-loop output ampli- 
fier slews in several tens of microseconds since it is not 
optimally compensated for comparator operation. The NPN 
- buffer provides adequate current sink capability for the 
LSTTL tri-state buffer. It is also possible to substitute a 
CMOS tri-state driven directly from the DACPORT output. 
As shown, the DAC appears to the microprocessor as a 
memory location which accepts an 8-bit data word and 
when read back uses the LSB state to determine whether 
the processor’s guess was higher or lower than the value of 
the analog input signal. 


The successive-approximation algorithm is a popular method 
for accomplishing A to D conversion. It has the advantages 
of fixed conversion time regardless of analog input signal 
magnitude and reasonably fast conversion times. The algo- 
rithm consists of testing the MSB (most-significant-bit) to 
determine whether the signal resides above or below mid- 
scale. The result of this test determines whether the MSB 
should be kept or dropped. If it is kept, the next test is 


AAAABARE 
fe CETL 


LATCH 


MEMW 
DECODED DAC ADDR 
MEMR 


LOOP: DCRA 


whether the signal is above or below 3/4 of full scale; if 
the MSB was dropped, the test is done at 1/4 full scale. This 
process repeats until all eight bits have been exercised. 


The following 22 line 8080-language subroutine performs 
the successive-approximation algorithm with the circuit 
shown in Figure 16. The routine assumes that the HL 
register pair points to the DAC location. the conversion 
result is returned in the accumulator, and the. conversion 
cycle executes in approximately 2.5 milliseconds on a 
1MHz 8080A. 


START: PUSH B 


;SAVEB+C 
LX1B,8000H ;CLEARC 
; SET MSB IN B \ 
MOV A, B ; AND ACC. 
TRY: ADDC ; ADD PARTIAL ANSWER 
MOV M,A ; SEND TO DACPORT 


MVIA,ODH  ;SET UP DELAY FOR 
; COMPARATOR TO SETTLE. 


JNZ LOOP ; 200 MICROSECONDS USED 
> HERE 

MOV A, M ; READ COMPARATOR 
; OUTPUT 

ANI 01H ; MASK ALL BUT LSB 

JZNEXTRY  ; IF ZERO, GUESS IS TOO 
; HIGH 

MOV A, B ;SO DROP BIT, OTHERWISE, 

ADD C ; ADD THAT BIT TO OLD 
;PARTIAL . 

MOV C,A ; ANSWER AND STORE INC. 

NEXTRY: MOV A,B ; GET LAST BIT TRIED + 

; MOVE RIGHT 

RAR ; IF IT WAS LSB 

JC DONE ; THEN EXIT 

MOV B,A ; |F NOT, GO BACK 

JMP TRY ; AND TRY IT. 

DONE: MOV A, C ; WHEN DONE PUT 
POP B ; ANSWER INA 
RET ; RESTORE BC AND EXIT 


8080-Language successive-approximation subroutine. 


0 TO 10V 


Figure 16. Software-Controlled ADC Using DACPORT Output Amplifier as Comparator 
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Gain Error and Gain Temperature 
Coefficient of CMOS Multiplying DACs 7 


by Phil Burton 


INTRODUCTION 

This note is intended to provide an insight into factors which 
affect the ‘‘gain’’ of CMOS multiplying D/A converters. The 
emphasis is on developing an understanding of the phenom- 
ena involved and in creating rules of thumb and criteria 
which are easy to apply. The mathematical relationships 
which are derived are approximate and usually give worst 
case values which are worse than those that one might rea- 
sonably expect to occur. Almost every circuit application 
has its own unique set of parameters and clearly it is not 
possible to cover every eventuality. But, hopefully, with the 
information contained in this note, engineers will be in a 
position to assess the importance of related parameters for 
themselves. 


GAIN ERROR AND GAIN TEMPERATURE 
COEFFICIENT 


An ideal 12-bit D/A converter has full scale output voltage 
of 


| S088 * VRer | Volts 

In practice the full-scale output voltage can differ from this 
and the transfer relationship Voyut/VrRe fF, commonly called 
“gain”’, is specified as having a ‘‘gain error’ of +x%. This 
means that the full scale output voltage can deviate by up 
to +x% from the ideal output voltage. 


Gain is also specified as having a gain temperature coef- 
ficient. For most modern CMOS DACs the ‘’gain tempco”’ 
is of the order of +5ppm/°C. This gives the worst case 
variation in gain of the D/A converter with temperature 
due to differences of temperature coefficients between the 
feedback resistor and the R/2R converter. The gain tempco 
varies with temperature and the specified worst case value 


usually applies to a 10°C segment of the operating temper- 


ature range. For a temperature variation of 100°C (+25°C 
to +125°C) the average temperature coefficient is generally 
a good deal less (better than +3ppm/°C) than the specified 
worst case value. However, for the sake of simplicity and 
worst case analysis it is often convenient to assume that 
the specified worst case temperature coefficient applies 
over the whole temperature range. 


GAIN TRIM CIRCUIT—THEORETICAL 
CONSIDERATIONS 

Imperfection in ‘‘gain’’ is due to inevitable manufacturing 
tolerances in the process used to fabricate the resistors. The 
gain (or full scale value) may be restored to the ideal value 
by using a fixed resistor and a trim resistor as shown in the 
generalized circuit of Figure 1. Note that it is preferable to 
use a ‘‘select on test’’ fixed resistor in place of potentio- 
meter R1 where possible—more about this later. 


R2 


DATA 


Figure 1. Generalized Gain Trim Arrangement for CMOS 
Multiplying D/A Converters 


The maximum required value of R1 and R2 may be deter- 
mined by using equations (1) and (2) given below where 
Rpac is the input resistance of the R-2R ladder (i.e., the 
input resistance at the reference input of the D/A convert- 
er), Rpac max is the maximum specified value of Rpac 
and x is the gain error in %. 


2 |x| R 
Ring. < | BIL 41) 


R R | 
R2 max = PER AC mn mex = — (2) 


The full scale output (or gain) of a D/A converter varies with 
temperature because of the temperature coefficients of the 
D/A converter itself and the temperature coefficients of the 
additional components (R1 and R2 and the op-amp) used 
to realize the circuit. The temperature coefficients of the 
R-2R ladder and the feedback resistor are around -300ppm/ 
°C but they are carefully designed to track each other to bet- 
ter than +5ppm/C, so that the overall gain temperature 
coefficient is better than +5ppm/°C. It may be shown that 
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the additional temperature coefficients (tempco) intro- 
duced into the circuit of Figure 1 by R1 and R2 are approxi- 
mately given by:- . <3 * 


Additional Tempco due to R; = — eh (y1 -S) (3) 
—. Roac 

Additional Tempco due to Ro = + mye (y2 -¢s) (4) 
RDac. 


¢ is the temperature coefficient of the D/A converter 
resistor material, expressed in ppm/°C units. 


y1 and y2 are the temperature coefficients of Rj and 
R> respectively, expressed in ppm/C units. 


From equations (3) and (4) it will be observed that the 
additional temperature coefficients are at a maximum when 
Rpac is at a minimum, i.e., Rpac min. By substituting 
equations (1) and (2) into equations (3) and (4) we obtain 
equations (5) and (6) which give the worst case (i.e., maxi- 
mum) additional temperature coefficients due to R1 and 
R2. Note that these equations are expressed in terms of 
data which is directly available from the manufacturer's 
data sheet; in fact, the value - 


IxIR pac max 
RDAC min 


is a simple figure of merit for assessing potential D/A con- 
verter temperature coefficients. 


Worst case additional 


-2 |x|R 
tempco due to Ry = ~2 IRD AC max. ( 


1-°) (5) 
100Rpac min 


Worst case additional a3 
IxIRpac max 


tempco due to R2 S aGORE (y2 -S) (6) 
DAC min 


IMPLICATIONS OF COMPONENT TEMPERATURE CO- 
EFFICIENTS ON THE DESIGN AND SPECIFICATION 
OF D/A CONVERTERS 

From equations (3) and (4) it can be seen that if R1 and R2 
have the same temperature coefficient, then the overall 
additional (circuit) temperature coefficient is given by 


lf the D/A converter has no gain error then R2 = R1 and 
there is no additional temperature coefficient due to R1 
and R2. Clearly then R1 and R2 should preferably be the 
same type of resistor with the same temperature coefficient. 
Hence, it is always best to use a ‘‘select on test’”’ fixed re- 
sistor for R1. The temperature coefficient of potentiometers 
usually varies with setting, so that it is difficult to match 
potentiometer temperature coefficients to that of fixed 
resistors. Figure 2 shows a distribution of gain error for a 
batch of AD7542 12-bit D/A converters. The average gain 
error is zero, so that the average temperature coefficient of 
applications circuits will be zero. This is of little comfort 
to the worst case applications circuit designer, but-a neces- 
sary consideration of the IC designer. 
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GAIN ERROR 
LSBs 
0.02 0.04 0.06 0.08 0.1 0.12 %F.S. 


-1 -.08 -.06 -.04 -.02 


Figure 2. Cumulative Distribution of Gain Error for One 
Batch of AD7542s (All Grades) 


An alternative strategy for the IC manufacturer would be 
to design and specify the D/A converter so that its gain 
error is always in one direction (as opposed to plus and 
minus) and the average gain error is centered some distance 
from zero. This has the advantage that R2 (or R1 depending 
on the direction of skew) could be omitted from circuit. 
However, R1 will always have a finite value and there will 
always be an additional temperature coefficient due to the 
gain trim circuit. Since precision resistor temperature 
coefficients are usually positive and the D/A converter 
resistor temperature coefficient is negative, the two will add 
(see equation 5) to give a significant temperature coef- 
ficient overall. 


A better approach to minimizing additional temperature 
coefficients due to gain trim components is to improve the 
figure of merit . 


IxIRpac max 
Rpoac min 


and, if possible, to improve the temperature coefficient of 
the resistors used to manufacture the D/A converter. Un- 
fortunately, it is not possible to change ¢ without changing 
other critical resistor parameters and the designer is left 
with the option of reducing the specified gain error spread 
x and minimizing the spread of Rpac values. Recognizing 
this requirement, Analog Devices has introduced a “G” 
selection on gain error (x) for some of its more recent D/A 
converter products. ‘‘G"’ selected products have a specified 
gain error at 25°C of not more than plus or minus 1LSB 
(least significant bit). This represents more than a twelve 
fold improvement in the figure of merit. For many applica- 
tions such a tight gain-error specification will be sufficient 
to eliminate any requirement for gain trimming, but where 
gain trims are still used, the additional temperature coef- 
ficients introduced by the very small values of R1 and R2 
required for “G” selected parts will be so small as to be 
negligible. This is considered in more detail in the next 
section. 


It is also possible to select Rpa~c to a narrower spread of 
values, and to improve the figure of merit even more. 
However, the net improvement in gain temperature coef- 
ficient which results from such a selection is difficult to 
justify on a commerical basis. 


v2 PRACTICAL EFFECTS OF COMPONENT 
TEMPERATURE COEFFICIENTS 

Table 1 shown on next page summarizes the worst case com- 
ponent gain drifts over a 100°C range for the AD7542TD, 
AD7542GTD, 12-bit D/A converters and the AD7527UD 
and AD7527GUD 10-bit D/A converters. In drawing up this 
table it has been assumed that precision wire-wound resisors 
with a temperature coefficient of +50ppm/*C have been used 
for R1 and R2. The actual values of R1 and R2 are given in 
this table. Roac temperature coefficient has been assumed 
to be -300ppm/*C. 


It will be seen that for the ‘’G” selected parts, the worst 

case additional temperature coefficient due to R1 and R2 is 

so small as to be negligible compared with the worst case 

5ppm/°C temperature coefficient of gain error for the D/A 
converter itself. 


LEAKAGE CURRENT EFFECTS ON GAIN 


This note is primarily intended to cover the effects of ex- 
ternal gain trim resistors on overall gain temperature coef- 
ficient. 


However, it is worth noting that apparent gain shifts with 
temperature can be caused by op amp offset and bias cur- 
rent drifts, changes in Vaer and by D/A converter leakage 
currents at the Iqyu7 terminal of Figure 1. 


The Ioyt leakage current effect on gain is negligible at 


25°C, but at higher temperatures it can have some effect. 


Leakage current has two components:- 


1. Leakage from the Vpp supply to the lout termi- 
nal. This is more or less independent of input code. 


2. Leakage from the R-2R ladder through off-switches. 
This leakage is a maximum for all zeros at the 
input because all switches are off, and is aminimum 
with all ones at the input, i.e., all switches on. 


Usually the two components of leakage current are roughly 
equal, but this depends a great deal upon circuit design and 
layout, fabrication process, and temperature. Leakage from 
the Vpp supply produces a constant shift on the D/A con- 
verter transfer function as depicted in Figure 3—the magni- 
tude of the shift is exaggerated in the diagram to make it 
clearer. Leakage from the R-2R ladder produces a rotation 


Vout 
| 
7 


Figure 3. Graph Showing Shift of DAC Transfer Function 
Due to Leakage From Vpp 


: Vout 


SHIFT 
INCREASES 
WITH 

TEMPERATURE 


DIGITAL 


—— _ —_ 
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Figure 4. Graph Showing Effect of Off-Switch Leakage 
on DAC Transfer Function 


of the D/A transfer function as shown in Figure 4. The 
magnitude and direction of rotation due to leakage across 
“Off Switches” is determined by Vref as shown. 


Leakage current effects on gain error are usually only of 
significance at operating temperatures above 100°C where 
the worst case error voltages due to leakage current begins 
to become comparable to 1LSB worth of current. The user 
should be aware of leakage current effects because they 
have often in the past, been erroneously interpreted as being 
due to gain trim components. 


Some electrical cleaning solvents, used to wash printed cir- 
cuit boards after soldering, leave a slightly conductive film 
on the components after drying. These films introduce leak- 
age paths from Vpp, Vref and other pins to lout of the 
D/A converter and the effect can be similar to that due to 
leakage effects in the converter chip itself. The user should 
ensure that such films do not occur during the manufactur- 


_ ing processes for any precision analog circuits. 


SPECIAL CASES OF LEAKAGE CURRENT EFFECTS 


(a) Vref = -10V 
With a negative reference voltage the two leakage 
effects shown in Figures 3 and 4 tend to cancel 
each other at zero output, and give a net decrease 
in gain at full scale. The gain trim resistors R1 and 
R2, on the other hand, introduce a positive tem- 
perature coefficient of gain (i.e., increase in gain) 
so that the combined result of all these effects 
is to reduce the gain variation with temperature. 


(b) Veer = +10V 


For a positive reference voltage the two leakage 
effects add to each other and add to any positive 
gain temperature coefficient due to R1 and R2. 
The combined result is a positive increase in the 
gain temperatue coefficient due to all three ef- 
fects. Positive reference applications, therefore, 
suffer more gain variation with temperature 
than negative reference applications. 


SUMMARY 
This text has been concerned with factors which cause the 
gain of CMOS multiplying D/A converters to vary with 
temperature. 
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The primary factors are:- 


1. Gain temperature coefficient’ of the D/A con- 
verter itself. | : | | 

2. Gain temperature coefficient due to the gain trim 
resistors R1 and. R2. 

3. Gain shift due to leakage from Vpp. 


4. Offset shift due to leakage across off ‘switches. 


Specified Values 
Worst Case 
Untrimmed 
Rpac max meee min Gain Error 
Part Number kQ 


at +25°C 


Worst Case 
Gain Tempco 
(ppm/*C) 


aes TP 

(+5LSB) 

i Mh OE |—— al SA 
(+1LSB) 


Note: AD7542 is a 12-bit D/A converter. 
AD7527 is a 10-bit D/A converter. ~ 


The additional gain temperature coefficient due to R1 and 
R2 is minimized by using the same type of resistor for R1 
and R2 and by minimizing the specified maximum gain 


error of the D/A converter. 


Leakage currents can produce gain errors. Applications 


using negative reference voltages are less sensitive to tem- 
perature variations than positive reference applications. 


Worst Case Full Scale 
Gain Shift Over 100°C 
Due to Ry and R2 


Worst Case 
Additional 
Gain Tempco 
Due to Ri & R2 


Trim Values 


0.27 0.11 0.0027 
0.049 
0.01 


Table 1. Worst Case Full Scale Gain Error Due to Gain Trim Components R1 and R2 


for a Selection of D/A Converters 
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CMOS DACs in the Voltage-Switching Mode 
Can Work from a Single Supply, Including Output Op Amp, : 
For Fast Response, No Offset-Induced Nonlinearity 


by Steve Stephenson 


The versatile R-2R ladder attenuator can be used as either 
a voltage or a current source, and it may be used in either 
a current-steering or a voltage-switching mode.' Figure 
1a shows the familiar connection of a CMOS d/a conver- 
ter, such as the 10-bit AD7520, in the current-steering 
mode; Figure 1b shows how the DAC can be connected 
for voltage switching by reversing the roles of the MSB 
node (REF/AIN) and the active switch bus (OUT1). 


(a). Current-Steering Mode 


OREB" Vop BA 


(b). Voltage-Switching Mode 
Figure 1. CMOS DAC Connected for Different Operating 
Modes 


‘Examples of current steering and voltage switching may be seen in 
the Analog-Digital Conversion Notes (Analog Devices, 1977, ed by 
D. Sheingold, available at $5.95 postpaid), pages 116-117 and 
pp. 133-138. . 


Reprinted from Analog Dialogue 14-1, 1980. 


CURRENT STEERING 

In the current-steering mode, since the OUT2 terminal is 
at ground potential, the operational amplifier maintains 
OUT1 at the same voltage (virtual ground), and the bi- 
nary-weighted currents through the 2R switch legs are in- 
dependent of switch position. As commented upon in an 
earlier article,” the output capacitance and resistance (as 
seen by the amplifier’s input) vary as functions of the 
input digital code. This makes the feedback-circuit’s noise 
gain dependent on the code. The variation of resistance 
can cause the linearity to be affected if the amplifier has 
sufficient offset voltage. The variation of the output time- 
constant means that feedback compensation can, at best, 
only be a compromise. To ensure circuit stability for all 
codes, overcompensation (and consequent reduced 
bandwidth and increased settling time) is required. 


There is also some charge injection from the gate of the 
switch, via the inherent capacitance between the gate and 
channel of the FET switch. This charge must take the low- 
est-impedance path to ground, in this case through the 
virtual ground of the amplifier. At major code-changes, 
output glitches may be significant. 


VOLTAGE SWITCHING 

In the voltage-switching mode, the constant resistance at 
the amplifier input eliminates the problems caused by 
modulation of the amplifier’s offset voltage. In addition, 
the switch capacitance is remote from the amplifier, and 
the charge is shunted to the input source or to ground. 
Furthermore, the output capacitance of the network is 
considerably lower. All of this results in cleaner and faster 
response of the circuit to code changes. 


As an additional important feature, the system's output 
voltage is of the same polarity as the reference voltage; 
as will be seen, this makes it possible to operate the DAC 
and its amplifier from a single-polarity supply. Finally, 
only asingle amplifier is required for bipolar digital opera- | 
tion, using offset binary or (with the MSB complemented) 
2's complement coding. 


2“Analog Signal-Handling for High Speed and Accuracy,” by A. Paul 21 


Brokaw, Analog Dialogue 11-2 (1977), pages 10-16. 
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~ The configuration has a few minor disadvantages. Since 


the ON resistance of the FET switch increases the applied 
drain-source voltage approaches the value of the gate- 
drive voltage, and significant values of Ron cause the divi- 
sion of voltage to depart from the ideal, large values of re- 
ference voltage will produce nonlinear performance.? 
However, for values of reference voltage less than +3.5V 
and Vpp = +15V, the 10-bit DACs in the AD7500 series 
will retain their linearity. The 12-bit DACs will maintain 11- 
bit accuracy over temperature when employing a'+2.5V 
reference (eg., the AD580). 


While the current-steering mode permits input voltages 


‘of either polarity and allows the circuit to function as 


a digitally controlled potentiometer (and as a four-quad- 
rant multiplier), the voltage-switching mode permits 
only a single polarity of input (positive with respect to 
common). 


CIRCUIT POSSIBILITIES 

Single Supply, Unbuffered. \|n Figure 2, the circuit of Fig- 
ure 1b, without a buffer, is implemented with an AD584 
as an adjustable reference. Settling time of better than 
1s was observed, with overall conversion linearity to 10 
bits, using a 3.5V (max) reference voltage. Although the 
network can be loaded resistively, buffering is preferred, 
since the different temperature sensitivities of an external 
load resistance and the ladder resistance will result in a 
temperature-sensitive scale factor. 


+15V 
‘ 
e10v. Vrer =3.5V MAX : 
1 


AD7520 


Figure 2. Single-Supply DAC with AD584 Reference, 
Unbuffered Output 


Single Supply, Buffered. \n Figure 3, the DAC and the 
CMOS op amp are both powered from a single + 15V sup- 
ply. With this circuit, 10-bit linearity and good gain-tem- 
perature coefficient (since there are no external resistors 
sharing current with the ladder) were achieved over am- 
bient temperatures up to 125°C. With a single-supply op- 


erational amplifier, offset is difficult to remove com- — 


pletely; therefore, some offset may have to be tolerated, 
usually amounting to less than one-half LSB at 3.5V refer- 


+15V 


+10v VRer 73.5V MAX 
1 
ADS584 
|" 


DIGITAL 
(INPUT 


407520 


Figure 3. Single-Supply DAC, Buffered Output 


3 Application Guide to CMOS Multiplying D/A Converters, Analog 
Devices, 1978. 
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ence. The observed settling time under these conditions, 
governed by the amplifier’s performance, was found to be 
better than 2us to one-half LSB. 


Shorter Voltage-Settling Times. Figure 4 shows a circuit 
in which the voltage-switched mode is employed to ob- 
tain a current output, by connection of the ladder output 
directly to the summing point of the output amplifer. This 
connection provides the fastest response (setiling time of 
the order of 900ns was observed): however, the gain 
tempco is poor, because the external feedback resistance 
cannot be expected to track the network’s resistance vari- 
ation with temperature. 


+15V 


DIGITAL 
INPUT 


Figure 4. Increased Speed DAC 


Simplified Bipolar Operation. Figure 5 shows how the vol- 
tage switched mode simplifies the conversion of bipolar 
digital signals.* The output voltage from the ladder is ap- | 
plied at the amplifier’s positive input, as in Figure 1b; the 
reference is connected to the inverting input via a resis- 
tance equal to the feedback resistance. Thus, the output 
of the ladder has a gain of 2, and the reference has a gain 
of — 1; as the equation and the table show, this provides 
conventional offset-binary response, but with a single 
amplifier, instead of the two called for in the current-steer- 
ing mode. 


Eo = 2 OVrer - Veer 
= Vrer (2D - 1) 


Figure 5. Connection for Bipolar Operation. If Vref is 


Provided by the 2.5V AD580, Nominal Output Swing is 


+2,5V 


SUMMARY 

Using the techniques described here, Analog Devices 
CMOS d/a converters in the series AD7520, AD7521, 
AD7522, AD7523, AD7524, AD7530, AD7531 and AD7533 
may all be made to operate in the voltage-switching mode 
with their published specified linearity. System benefits 
include the possibility of single-supply operation, in- 
creased speed, freedom from offset-voltage modulation, 
and more-economical digital bipolar operation. 

4 “An Unusual Circuit Configuration Improves CMOS-MDAC Perfor- 


mance,” by N. Sevastopoulos et a/ EDN Magazine, March 5, 1979, 
pp. 77-82. 
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Methods For Generating Complex Waveforms and Vectors 
Using Multiplying D/A Converters 


by Phil Burton 


Complex analog waveforms are used in a variety of equip- 
ment. They can define a process temperature profile, be 
used to generate high resolution graphics either on a CRT 
or X-Y plotter, or form the basis of a speech synthesizer. 
There are as many solutions to the problem of waveform 
generation as there are applications. This note describes 
some common methods for generating complex 
waveforms using CMOS multiplying D/A converters. The 
applications bias, is towards graphics displays because 
most engineers will understand the applications but de- 
signers of other equipment will immediately recognize 
the relevance of the various techniques to their own par- 
ticular problem. The treatment is mostly in block diagram 
form with the emphasis on a systems approach rather 
than detailed circuit design. The implications of the vari- 
ous methods of interfacing D/A converters to computer 
systems are also covered with regard to the hardware and 
software requirements of the system. 


STAIRCASE WAVEFORM SYNTHESIS 

Figure 1 shows a simplified waveform generator consist- 
ing of a DAC driven from a ROM look-up table, and a 
counter which provides sequential addresses for the 
ROM. The frequency of the generated waveform is deter- 
mined by the clock rate of the counter and the number of 
memory words used ta define the waveform. 


AMPLITUDE 
INPUT * 


CLOCK © 


N% ~ COUNTER 


Figure 1. Simple ROM Waveform Generator 


AMPLITUDE 
INPUT @ 


If the waveform is symmetric as in a sinusoid, then the 
size of the ROM can be reduced by only coding one quad- 
rant and using digital arithmetic on the output and input 
of the ROM to generate the words for the other three . 
quadrants. 


When a ROM contains the values of sin 6 for 0<8<90 then 
the values for the other three quadrants can be computed 
as follows: 

For 90 <6< 180° sin@ = sin(180-8) 

For 180 <6< 270° sin®#@ =sin (6-180) 

For 270 <0< 360° sin@ =sin (360-8) 


Suppose 86 is represented by a 10-bit binary number to 
cover the range 0 to 360°, then the two most significant di- 
gits of 6 will determine the quadrant of operation. Further- 
more the most significant digit will determine the sign of 
sin 6 and the second most significant digit will determine 
whether the remainder of the number is to be used as it 
stands, or substracted from the binary equivalent of 180°. . 
Note that 180° in our chosen 10-bit notation _is 
10,0000,0000 and 2’s complement subtraction is achieved 
by complementing the number and adding 1. Com- 
plementation can be achieved by exclusive—OR gates. 
Figure 2 shows in block diagram form a high resolution 
sine-wave synthesizer using a one quadrant look-up 
table. 


igres 
EXCLUSIVE-OR 


Li 


2'° COUNTER q 


Figure 2. Block Diagram of Sinusoid Generator 
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The 10-bit D/A converter is operated with sign plus mag- 
' nitude coding, the most significant bit of the 10-bit word 
being fed to the sign switch. The second MSB of the 10-bit 
word, representing 0, determines whether the remaining 
bits are complemented or not using the exclusive OR 
gates, and it also provides the +1 required for 2’s com- 
plemented subtraction. The eight-bit word from the adder 
is fed to the ROM look-up table which provides the ap- 
propriate digital word to the D/A converter. 


If the addresses to the ROM are generated by a counter, 
the adder and exclusive OR circuits can be dispensed with 
by using a counter which alternately counts up to 
1111,1111 and then counts down to 0000,0000. An addi- 
tional flip-flop is required to generate the sign. This 
method is described on page 27 of “Application Guide to 
CMOS Multiplying D/A Converters’’ available from 
Analog Devices. 


Sinusoid generators such as the one described above 
have been used in radar displays (A Scopes) and Synchro 
to Digital Converters. In both of these applications the 
_ €ase with which the reference voltage Vrer can be varied, 
to change the magnitude of siné@ is a distinct advantage. 
. This results directly from the multiplying properties of 
CMOS multiplying D/A converters. Some of the disadvan- 
tages of the approach described above are the relatively 
low frequencies that can be generated with any precision, 
and the presence of quantisizing noise due to the output 
being defined in discrete steps. Also, the D/A converter 
has a relatively long settling time (2s approximately), so 
that the output waveform contains glitches at ever 

change of digital input. | 


BASIC INTERPOLATION METHOD.FOR WAVEFORM 
GENERATION 


If the staircase method of waveform generation was used 
to draw a sawtooth on a X-Y plotter then the drawn 
waveform would have a staircase appearance due to the 
discrete output steps available from the D/A converter. 
Clearly such an appearance is not desirable and con- 
sequently analog graphic output systems have adopted 
an interpolative method of generating waveforms. Not 
only does this method give a cleaner looking waveform, 
but it also allows a much higher frequency of operation, 
and reduces to a minimum the number of digital words 
necessary to define a waveform. 


An interpolative method uses two D/A converters to gen- 
erate a waveform-one to define the starting point and 
another to define the finishing point. A straight line is 
drawn between the start and finish. Figure 3 shows a 
sinusoid drawn by an interpolative waveform generator, 
and the associated waveforms for the circuit of Figure 4. 


Figure 4 shows a simple interpolation scheme such as 
might be used to drive one axis of an X-Y plotter or a CRT 
graphics display. The digital inputs to DAC P define the 
starting point and DAC OQ inputs define the finishing point 
of the straight line to be drawn. The reference input to 
DAC P consists of a positive going ramp which goes from 
— Vmax to O in time T. The reference to DAC Q is an equal 
but opposite ramp which goes from O to — Vmax during 


VOL. |, 21-44 APPLICATION NOTES 


Ys SINUSOID OUTPUT 
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DAC Q 
OUTPUT WAVEFORM 


DIGITAL INPUT Q 


Figure 4. Elementary Interpolation Method 


the same period T. The sum of the outputs of DAC P and 
DAC Qisgivenby: 


Vout = Np (Vmax - Vax) + Ng Vax t) 


= No Vmax t+ (Ng - Np) Vmax" 


which is a straight line between the two points defined by 
the binary number N, in DAC P and the number N, in DAC 
Q. For the next line to be drawn P is loaded with Q's value 
and QO is loaded with the new finishing point and the proc- 
ess is repeated. In drawing a number of points DAC P and 
DAC Q receive exactly the same binary input words ex- 
cept the DAC Q inputs are always one word in front of DAC 
P inputs. This suggests a FIFO (first-in, first-out) structure 
with DAC P being fed from the output end of the FIFO, and 
DAC QO being fed with the ‘‘next to the end” word of the 
FIFO. The FIFO has the additional advantage that a 
number of data points can be loaded into the FIFO by the 
_ main processor at one burst, and then the points can be 
clocked out of the FIFO at a rate determined by the repeti- 
tion frequency of the reference sawtooth waveforms. This 
leads to very efficient software and minimizes the time the 
processor is tied up in I/O operations. Figure 5 shows a 
simplified graphic display system using the method de- 
scribed above. The main portion of the system is based 
on four AD7544s which are 12-bit D/A converters with in- 
tegral 6-word FIFO registers. Each x coordinate is loaded 
by the computer to both x-axis DACs simultaneously, 
similarly for the y-axis DACs. This reduces the data trans- 
fer operation to one x and one y value per coordinate. 
DAC’s QO and S are loaded from the next to the end word 
of the FIFO and DAC’s P and R are loaded from the end 
word of the FIFO—this is shown in Figure 5 by the curved 
arrows. The DAC Register of the AD7544 can be loaded 
from either the top or next to top word of the FIFO. At the 
point when the data feeding the DACs is changed, the D/A 
Outputs will exhibit some glitches, due to the settling time 
of the DAC and op amps, slew rate of the sawtooth, digital 
feedthrough, etc. During this update period, the CRT dis- 
play should be blanked off. In electromechanical displays 
the transients are usually absorbed by the mechanical in- 
ertia of the system. 


© X-AXIS 
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All D/A converters are AD7544. 


The following pin connections have been omitted from all DACs in the above drawing to 
preserve clarity: 


Pin19 RESET Normally connected to the system reset. 

Pin22 SFUL Stack Full - indicates stack full to processor. 

Pin23 SAMT Stack Almost Empty - used to interrupt the processor to load another 
: burst of data to the FIFOs. 

Pin25 RLEN Roll Enable - strapped low. 

Pin26 LDAC Load DAC - strapped high. This makes the DAC register transparent. 

Pin27 W1W2 Selects top or next or top word of stack. DAC’s P&R have this pin _ 


strapped high, DAC’s Q&S have it strapped low. 


Figure 5. Simplified Graphic Display System 
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IMPROVED INTERPOLATION METHOD FOR WAVEFORM 
GENERATION 

In the scheme of section “Basic Interpolation Method for 
Waveform Generation”, converter P always holds the 
starting value of the vector and converter Q the finishing 
value. Unwanted transients occur each time the digital 
values to the D/A converters are updated. These trans- 
ients can be overcome by continuously alternating the 


roles of converters P and Q. In Figure 3 note that each digi- 


tal value is first subjected to a positive going ramp in DAC 
O and then subjected to a negative going ramp in DAC P. 
Instead of feeding each digital word to DAC Q and then 
one sawtooth later to DAC P, each word can be input to 
a single DAC and a triangle wave is now applied to the re- 
ference of the DAC. Figure 6 shows a circuit to achieve this 
together with the two reference waveforms for converters 
P and O and the successive data words applied to P and 
Q. Note in particular that the data words applied to the D/A 
converters are updated when the D/A reference input is 
zero. This avoids most of the slew rate and settling time 
problems of the circuit of Figure 4, although there will still 
be a small glitch at the output of the D/A converter due to 
digital feedthrough. When using AD7544s, the effective 


memory capacity at the FIFO is doubled because there is 


no duplication of memory contents. 


DATA TO Q 


OUTPUT VOLTAGE 
o 


DAC P OUTPUT 
CURRENT (INVERTED 
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DAC Q OUTPUT 
CURRENT (INVERTED 
FOR CONVENIENCE) 


DAC P Data Word 


DAC QO Data Word 


Figure 6. Improved Interpolation Method and Waveform 
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This improved method is particularly suitable for continu- 
ous waveform generation because there are no signifi- 
cant transients (or blanking periods) inthe signal. 


‘TRIANGLE AND SAWTOOTH WAVEFORM GENERATION 
The triangle and sawtooth reference waveforms required 
for the circuits of sections ‘‘Basic Interpolation Method for 
Waveform Generation” and “Improved Interpolation 
Method for Waveform Generation” can, in some applica- 
tions, be fixed frequency waveforms. However, in graphic 
display systems, this would allocate exactly the same 
time for each drawn vector. A short vector would take just 
as long atime to drawas a long vector, with the result that 
a CRT display would exhibit uneven brightness and an X- 
Y plotter would have to be restricted to drawing each vec- 
tor at the time taken to traverse a full axis. Clearly a better 
solution for vectors drawn on a CRT would be to scale the 
waveform ramp rate in accordance with the length of the 
vector to be drawn. A long vector would be drawn using 
a slow ramp and a short one by a much faster ramp. For 
electromechanical X-Y plotters, the ramp rate would be 
determined by whichever axis has the greatest distance 
to travel. Figure 7 shows a simple circuit for generating 
programmable sawtooth waveforms suitable for the in- 
terpolation method described in section ‘Basic Interpola- 
tion Method for Waveform Generation’. The circuit con- 
sists of a resetable integrator (A1), the ramp rate of which 
_is determined by a D/A converter. A comparator deter- 
mines when the ramp has reached its maximum value, 
and the output of the comparator is used to reset the in- 
tegrator and to trigger a one-shot for blanking the screen 
during the reset period of the sawtooth and the settling 
time of the D/A converter. The output of the comparator 
is also used to clock the FIFOs associated with each D/A 
converter, so as to load the next vector coordinates to the 
DACs. Amplifier A2 provides the inverse sawtooth 
waveform which drives the reference input of DAC Q in 
Figure 4. 


— Vaer 


RAMP RATE 
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BLANKING 
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Figure 7. Simplified Sawtooth Generator 


Figure 8 shows a programmable triangle waveform 
generator, which uses two D/A converters, one to deter- 
mine the upward ramp and another to determine the 
downward ramp. The integrator A1 has two input resis- 
tors and switch S1 switches between the two D/A conver- 
ters to provide the up and down ramps. The digital inputs 
to the D/A converters are changed during the half cycle 
when the converter output is not being used to drive the 
integrator. This allows the D/A converters adequate time 
to settle before its output is switched to the integrator. 
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ROLL STACK 
SEE FIGURE 5 


- Switch $1 is a two _ pole, N-Channel changeover switch 


such as normally used for the switches in a CMOS D/A 
converter. This type of switch ensures that the two D/A 
converter outputs see a constant load impedance, 
thereby preventing load induced glitches; it also provides 
a fast changeover for the integrator inputs. The switches 
can be formed from CD4016s or alternatively an AD7201. 
can be used which incorporates 5 changeover switches 
with resistors in one package. Amplifier A2 provides the 
inverse triangle waveform. Comparators A3 and A4 are 
used to detect the peak and the trough of the triangle 


_ waveform, and to generate the clock signals for the FIFOs" 


feeding the D/Aconverters. 


Rre 


ouT1 
DOWN.RAMP 
DAC out2 


SWITCH 
LOGIC 


Figure 8. Programmable Triangle Waveform Generator 


A COMPLETE GRAPHICS GENERATOR 

Figure 9 shows a complete simplified schematic of a 
graphics vector generator using triangle waveforms (i.e., 
the scheme of section “Triangle and Sawtooth Waveform 
Generation’’). All the D/A converters are AD7544’s. DAC 1 
is the odd-coordinate x-axis DAC and DAC 3 is the odd- 
coordinate y-axis DAC. Together DAC 1 and DAC 3 define 
the points (x;,y1)(x3,y3) etc.; DAC 2 and DAC 4 are the x 
and y even-coordinate DACs respectively. DAC 5 defines 
the upward ramp of the triangle, from the integrator and 
DAC 6 defines the downward ramp. The 6-word on-chip 
FIFOs of the AD7544 enable 12 full vectors to be stored by 
the system. 


The vector generator is entirely self-clocking and its effec- 
tive ‘‘clock rate’ is determined by the ramp-rates of the 
triangle wave generator (i.e., by the length of the vectors 
to be drawn). In operation the vector coordinates are 
loaded to the DAC’s FIFOs by a burst of data words from 
the system's computer and the graphics generator clocks 
the data through the FIFOs to the DACs under its own con- 
trol. When only one word of data remains in a FIFO, the 
AD7544 generates an ‘almost empty’ signal which is 
used to interrupt the main processor and initiate the trans- 
fer of another block of data coordinates to the graphics 
circuit. 


An undrawn line (i.e., beam blanked) is encoded as a full- 
scale value to the inputs of DAC 5 or DAC 6. Comparators 


AS and Aé6 detect a full-scale output and their outputs are 
used to provide the blanking pulse to the display. In CRT 
graphics an undrawn line will always be generated at 
maximum velocity, thus the blanking encoding informa- 
tion-scheme is consistent with practice. The circuit is de- 
signed so that drawn lines are always drawn with a ramp 
rate much lower than defined by the full scale output of 
the DAC. 

For electromechanical plotters the situtation is not quite 
so simple and the problem of undrawn lines has to be sol- 
ved either by a separate FIFO to store pen lift signals, or 
by encoding an undrawn line as an ordinary line which is 
followed by a line of zero length drawn at maximum vel- 
ocity. Comparators A5 and A6 and DAC 5 and DAC 6 give 


ALL DACs-AD7544 


WREN WR 
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DAC 4 


DIGITAL INTERFACE 


WREN WR RL Brs 
Veer OUT! 
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not only the ramp rate for the'line to be plotted, but also 
the rate for the next line to be plotted (once the DAC has 
settled). If a comparator detects that the next line is to be 
plotted at maximum rate (a speed which is never used for 


- a genuine drawn line), then the output of the comparator 


can be used to supply pen-lift signal for the current line. 
Once this undrawn line has been completed, the next line, 
which has the maximum ramp rate information in its DAC 
will simply cause the pen to remain in the same position— 
hence an undrawn line from one point to another could 
be created. This pen lift scheme is not shown in Figure 9, 
but it is a relatively simple matter to modify Figure 9 as 
discussed above. 
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Figure 9. Simplified Graphics Generator Using Triangle Waves 
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THE PROCESSOR INTERFACE | 
As mentioned in the section ‘Triangle and Sawtooth 


Waveform Generation”, the graphics system of Figure 8 - 


is an asynchronous, self-clocking scheme. The on-chip 
FIFOs of the AD7544 provide a perfect interface between 
the high speed synchronous processor and the asyn- 
chronous graphics circuit. The FIFOs are self-clocking and 
generate. “almost empty” and “‘full’’ signals so that the 
processor can be interrupted when more coordinates are 
required, and can signal when a full set of coordinates 
have been received. The design of the full digital interface 
‘between processor and graphics circuit is beyond the 
scope of this article. It is no simple matter to connect six 
12-bit D/A converters to a high-speed microprocessor bus 
without incurring unwanted digital cross talk. It is prefera- 
ble that the 12-bit bus feeding the graphics circuit should 
have its own set of data bus buffers which are only ena- 
bled when data is being transferred to the FIFOs. At all 
other times the bus to the converters should be tied to a 
logic high or a logic low. If the graphics circuit is being fed 
from an 8-bit data bus, the 8-bit data latch necessary to 
reassemble the 12-bit word for the FIFOs can also be used 
as part of the computer data bus to graphics data bus buf- 
fer suggested above. Very careful ground management 
should be used, with the graphics circuit having its own 
digital and analog grounds tied back to the “quiet point”. 


COMPUTING THE TRIANGLE RAMP DATA 

The ramp rate of the triangle (or sawtooth) waveform is 
variously related to the distance between the two points 
to be drawn. For electromechanical plotters it is only 
necessary to ascertain which axis has to move the fur- 
thest and then scale the distance moved according to the 
equation. 


Ramp DAC data = Constant x Bitance Moved 


Calculating reciprocal of the distance moved is usually 
done in the microcomputer since electromechanical plot- 
ters are relatively slow and there is adequate time to make 
the calculation. Note, however, that if a DAC is connected 
as the feedback resistor of an inverting amplifier, the 
amplifier output voltage is proportional to the reciprocal 
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of the digital code at the DAC inputs (see page 26 of 
“CMOS D/A Converter Application Guide”). This could be 
used as an analog “reciprocal taker’ and scaler to ease 
the software burden on the microcomputer. 


In CRT displays the ramp data is directly proportional to 

the distance along the vector, i.e., V(Ax)* + (Ay)? and it 

is difficult to solve such an equation at high speed. Fortu- - 
nately it is not necessary to encode the CRT intensity in-. 
formation to a high degree of resolution and a lookup 

table method can be used. Addresses for the lookup table 

are generated by combining say the top 4-bits of Ax with 

the top 4-bits of Ay to create an 8-bit address for the inten- 

sity lookup table. 


An alternative high speed method for evaluating either 
1/x or Vx? + y* is to use a logarithmic number scheme 
such as the FOCUS number scheme in reference 1. The 
FOCUS scheme makes it possible to do multiplication, di- 
vision, addition and subtraction by the use of only addi- 
tion and subtraction and lookup tables. A D/A converter 
(AD7118) is now available which accepts numbers en- 
coded according to the FOCUS scheme and delivers a 
proportional linear output current. Such a converter could 
be used for DAC 5 and DAC 6 in Figure 8, although the 
AD7118 does not have an integral FIFO. 


SUMMARY 

This paper have been deliberately brief. It is intended to 
stimulate ideas rather than give definitive circuit designs. 
As mentioned in the introduction, the treatment has cen- 
tered on the design of graphics dispiays. This was done 
because a graphics display is something with which most 


engineers are familiar. However, graphics has the added 


complication that two channels of waveforms (x and y) 
are required whereas many applications, e.g., speech 
synthesis, only requires one channel. Fortunately most 
designers are experts at simplifying circuits. Graphic out- 
put from computers is becoming increasingly important; 
it is hoped that this article stimulates more engineers to 
designtheirowncircuits. 
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Behind the Switch Symbol: 
Use CMOS Analog Switches More Effectively 
When You Consider Them as Circuits 


by Jerry Whitmore 


CMOS analog switches are widely used to make or break 
circuits in such applications as multiplexing and function 
switching. Ideally, they have zero resistance when closed, 
infinite resistance when open, no leakage, instantaneous 
glitch-free response, and no parasitic capacitance. While 
these assumptions are reasonably valid for low-fre- 
quency applications at moderate impedance levels, the 
good designer will always challenge them, to establish 
what errors may be introduced and even to determine 
whether the circuit configuration is viable. 


SWITCH CIRCUITS 
Figure 1 is a reasonable approximation of the circuitry in 


a single-pole dielectrically isolated CMOS switch (e.g., - 


AD7510D!I or AD7590DI series).The dielectric isolation 
makes possible protection against latchup and over- 
voltage to +25V beyond the supplies. Note that, for one 
polarity, conduction is via an N-channel FET; for the other 
polarity, it is via a P-channel FET. The two types are not 
perfectly symmetrical. 


O Voo +15V 


TTL A 
CONTROL © SHIFTER/ 
INPUT DRIVER 


EFFECTIVE 
SWITCH 
LOCATION 


NOTE. CIRCLED DEVICES IN SEPARATE ISOLATED POCKETS. 


Figure 1. Typical Output Switch Circuitry of the AD7590DI 
Series 


Figure 2 is an equivalent circuit of a pair of adjacent 
switches. The parameters are defined in Table 1. There 
are three principal categories of error one should be con- 
cerned about: low-frequency errors due to resistances 
and current leakage (switch open or closed), high-fre- 
quency and signal-transient errors due to stray capaci- 


Reprinted from Analog Dialogue 15-2, 1981. 


tances (switch open or closed) and dynamic errors due to 
switching transients while the state of the switch is chang- 
ing. Because of the present limitations of space, we shall 
for now consider just the first category, since it answers 
the most urgent question, ‘‘How well does the switch ac- 
tually work for low-frequency signals?” 


Cos Open-switch capacitance 

Cs,Cp Source, drain capacitance 

Ron Series on resistance 

S,D Source, drain; electrically interchangeable 


Css,Cpp Capacitance between any two 
corresponding switch terminals 
ILKG Leakage current of back-gate diode 


Table 1. Nomenclature 


Although the leakage currents of the P- and N-channel 
transistors (devices 4 and 5 in Figure 1) might appear to 
tend to cancel, they don’t, since the P channel is three 
times larger than the N channel. Because of the size mis- 
match of the reverse-biased source-or-drain-to-back-gate 
diodes, plus the differing lot-to-lot variations in break- 
down voltage of the diodes, it is difficult to predict leakage 
or its tempco. However, maximum values at 25°C and 


over temperature are specified and 100% tested. 


P-CHANNEL 
DIO Voo 


Voo 


DE 


$1 


N-CHANNEL 
DIODE 


D2 
-ILkG { a pee \- ILKG 
Vss Vss 
Figure 2. Equivalent Circuit of a Pair of Adjacent Switches 
Figure 3 shows the factors affecting dc performance for 
the on switch condition and how the various parameters 


affect the output voltage. Figure 4 shows typical curves of 
Ron, as they appear on the product data sheet. They indi- 
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cate how Ron, is affected, as a function of input voltage, 


by supply voltages and by temperature. Ron is lower and 


less signal-dependent at the higher supply woltages and © 


lower temperatures. 


‘ 
2 Ruoap rugap (Ron * Ra) +Rg) 
Vout os VIN [ G thon + ans | + ILke | G t+ Ron + “Aa! | / 


If Rg — 0, 


R 
Vout = Vin acy +4 Frenne Ron _ 
LOAD + Ron “KG! Rioap + Ron 


Figure 3. Effective Circuit of Switch in the ON Condition 
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b. Ron vs. Vp (Vs), as a Function of Temperature 


Figure 4. Ron vs. Input Voltage as a Function of Supply 


Voltage and Temperature 


How to minimize the influence of variable Ron on circuit 
accuracy: Figure 5 shows a problem circuit—an inverting 
amplifier with four switched inputs. Ron, in series with the 
10-kilohm input resistor, affects the circuit gain. Even if it 
is compensated for at one level of supply voltage and 
analog input voltage, the input’s variations will cause the 
gain to change and degrade the gain accuracy. 
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Figure 5. Unity-Gain Inverter with Switched Input 


The most obvious solution—-if the amplifier doesn’t have 
to invert or act as a precision attenuator-—is to use the 
amplifier in a noninverting mode, as shown in Figure 6. 
Since there are no resistors in series, there is no effect on 
gain. 
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Figure 6. Noninverting Solution 


Another solution (Figure 7) is to connect the quad switch 
at the amplifier’s summing point. Then the switch sees 
only millivolts-rather than volts—of signal variation, 
minimizing the variation of Ron with signal. This solution 
can impair bandwidth, since capacitance Cs may require 
a Capacitor in parallel with the feedback resistor for com- 
pensation. Also, likc, flowing through the feedback resis- 
tor, may cause significant error, depending on the accu- 
racy requirements. (AVout = ILkg X Re). 


MAY BE REQUIRED 
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Figure 7. Connecting Switch at the Summing Point 


Another possible solution is to use larger values of input 
and feedback resistance (Figure 8). Then the ARon varia- 
tions will be small compared to the 1- megohm load. How- 
ever, bandwidth will be affected by the larger R-C time 
constants. 


Figure 8. Using Larger Values of Resistance 


Figures 7 and 8 do not compensate for the effects of varia- 
tion of Ron with temperature. A circuit that provides good 
compensation (Figure 9) uses one of the switches, wired | 
on, in series with the feedback resistor. Its Ron will tend 
to track that of the other switches on the same substrate 
with temperature; thus the feedback and input resis- 
tances will tend to track quite well, keeping the gain 
constant. 
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Figure 9. Switch in Series with Feedback Resistor to 
Compensate Gain . 

The principal dc effect in the switch off condition is that 
of lLKG (Ip ofr OF Is orr), which will bias the output of a Cir- 
cuit by Iixg X Ry. Polarity of the error is determined by the 
dominant leakage polarity of a given switch. 
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Selection Guides for Product Categories 
Not Included i in This Volume 


SIGNAL CONDITIONERS 


CURRENT (4 TO 20mA) OUT 


TRANSMITTERS 


& 
he) 
Input Senscr Thermocouple 
RTD! 
AD590/AC2626 Temperature Sensor 
Resistance Bridge 
Input Signal Millivolts 
Volts 
; 4 to 20mA 
‘Output 0 to t5V 
0 to +10V 
0 to 20mA 
4 to 20mA 
10 to 50mA 
+15V Power 
Special Features Transducer Excitation 
Open Input Detection 
Cold Junction Compensation 
Input/Output Isolation 
Channel to Channel Isolation 
Signal Filter 
Linearization 
Common Mode Rejection > 140dB 
Power Required Loop Powered 
+14V to +32V 
t15V 
115V 60Hz Line 
Mechanical Module 
Metal Case 
Input Screw Terminals 
Output Screw Terminals 
#22 AWG Input/Output Leads 
Volume II 
Page 9-13 9-35 


' Resistance Temperature Detector. 
? Provides 4 to 20mA out or may modulate Loop Power. 
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é MILLIVOLTS IN 


Input Sensor Thermocouple 
| RTD! 
AD590/AC2626 Temperature Sensor 
Resistance Bridge 
Input Signal Millivolts 
Volts 
Line Power 
Output Oto t5V 
0 to +10V 
0.1 to 10mA 


4 to 20mA 
10 to 50mA 
.t15V Power 


Special Features Transducer Excitation 
Open Input Detection 


Cold Junction Compensation 
Input/Output Isolation 
Channel to Channel Isolation 


Signal Filter 
Linearization 
Commecn Mode Rejection > 140dB 


Power Required Loop Powered 
. +14V to +32V 
+15V 
115V 60Hz Line 


Mechanical Module 
Metal Case 
Input Screw Terminals 


Output Screw Terminals 
#22 AWG Input/Output Leads 


Volume I 
Page . 9-1 
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* Resistance Temperature Detector. 
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DIGITAL PANEL INSTRUMENTS 


For the purpose of selection, the instruments in this section are divided into three classes, each having its own 
Selection Guide: 


1. 3- to 4 3/4-digit panel meters for general applications, powered by dc voltage furnished by the 
user’s instrumentation-system +5V logic supply 


2. 3- to 4 3/4-digit panel meters for general applications, powered by ac line voltage, and 
including multi-channel scanning and true-rms types 


3. Single- and scanning multi-channel digital temperature meters for measurements with thermo- 
couples, RTDs, thermistors, and AD590 semiconductor temperature sensors 


The Selection Guides permit all the devices in each class to be compared in terms of their salient features, to narrow the 
field of choice to one or two devices, for which page locations are given. The data sheets in this Volume have technical 


(continued on the next page) 


LOGIC (+5V) POWERED DIGITAL PANEL METERS 


3%; +199.9mV 
+1.999V 
+19.99V 

4%;+1,9999V 
+19,999V 

4%; +3.9999V 
+39,999V 

Input Type Ltd. Differential 
, Differential 


Floating Fema [aaa (i RE ee ae 


Data Outputs | N/A 
Character Serial 
Parallel BCD 
Parallel BCD i 
Display Type LED 
Beckman 
Display Size faa tal 0.27/7 0.5/13 0.27/7 aid walt 
Case Depth’ in/mm 0.65/17 | 4.08/104 | 0.84/21 | 1.31/33 | 2.52/64 | 4. 08/104 | 4.08/104 
Volume II 
Page 16-41 16-15 16-23 16-31 16-13 16-33 16-37 


‘ All logic powered DPMs use industry standard case with 3.175” X 1.810" (80.65 X 45.97mm) cutout. All ac-powered DPMs except 
AD2006 use industry standard case with 3.930" X 1.682” (99.82 X 42.72mm) cutout. AD2006 uses same case as logic powered DPMS. 
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descriptions, specifications, and in many cases, applications information. Complete data sheets for most of these instru- 
ments, with further information on application and use of the products, are available upon request. General information 
on digital panel instruments can be found in the pages that follow the Selection Guides. 


For temperature instrumentation, there are a number of other products dedicated to temperature measurement, includ- 
ed in this Databook, that may be of interest. They are to be found in these sections: Transducers & Signal Conditioners, 
MMAC-4000 Intelligent Measurement-and-Control Subsystems, and MACSYM. Power supplies for excitation of system- 
powered panel instruments may be found in the Power Supply section. 


Finally, in the Synchro & Resolver Conversion section, there are the benchtop API1620 and API1718 Angle Position 
Indicators, which accept synchro or resolver input, convert to digital, and provide a 5-digit numerical LED display of 
the angle, and a 5-decade BCD or 16-bit binary data output. 


AC-POWERED DIGITAL PANEL METERS | 
6-Channel Scanning 


% 
f$/s/s/e $ 
aay, (| EE ees ee ieee Ae 

Digits: F.S.Range 3;-99104999mV_ | © | | | Sf] | 
3%; +199.9mV /,@ / 

+1,999V . 

+19,.99V 

199.9V | 
600V | i 


4%; 1.9999V oe 
+19,999V oe 

4%; +3.9999V 
+39.999V 

Input Type Single Ended 

Ltd. Differential 

Differential 

Floating 

True RMS 


Data Outputs N/A 
Character Serial 
Parallel BCD 
; Parallel BCD Latched 
Display Type LED 
Beckman 
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1 Full scale inputs when reading out in dB are 500mV, 5V, 50V, 500V and 625V rms. 
? All logic powered DPMs use industry standard case with 3.175” X 1.810” (80.65 X 45.97mm) cutout. All ac-powered DPMs except 
AD2006 use industry standard case with 3.930” X 1.682” (99.82 X 42.72mm) cutout. AD2006 uses same case as logic powered DPMs, 
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Input 


Sensor 
(Determines 
Temperature 
Range) 


Features 


Readout 


Digital 
Data Output 


Analog 
Output 


Power 
Supply 


Volume II 
Page 


Number of 1 
Channels 6 
Thermocouple Switch Selected 
Type User Specified 
J,K,T 
E,R,S 


AD590 (-55°C to +150°C) 
RTD 
Thermistor 


Self-Calibration 
Cold-Junction Compensation 
Linearization 


Isolation 
Digits 3+, 2- 
3% 
LED 0.5”, 13mm 
Display Height 0.56", 14.3mm 


Isolated Parallel BCD 
7-Bit Character-Serial ASCII 


Voltage 
4-to-20mA Current Loop 


AC Line 
DC +7Vto+15V 
+5V 


1 AC line-operated versions, 
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DIGITAL TEMPERATURE METERS 
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MICROCOMPUTER ANALOG I/O SUBSYSTEMS 


Analog Devices Real-Time Interface (RTI) products provide a 
direct memory-mapped interface between popular microcom- 
puters and analog input and output signals, Each RTI board 
is electrically and mechanically compatible with the bus it is 
designed to interface with. No additional interface logic or 

_ power are required for the board, which plugs directly into 
the microcomputer card cage. 


As the Selection Guide indicates, there are Input-only, Output- 


only, and—in most cases—Input/Output cards available for 
each bus type. Within each card family, there are optional 
features available to provide a close fit to the individual 
user’s application. 


The Selection Guide provides selection information in capsule 
form, permitting card types to be matched to desired features, 
Additional information and complete specifications are pro- 
vided on the individual card or family data sheets. 


MICROCOMPUTER BUS COMPATIBILITY 


INTEL 
NATIONAL 


PRO-LOG 
MOSTEK 


MULTIBUS™ STD BUS 


Board Type Input 
Input/Output 
Output 
Channel Capacity Input 
(Single ended/ 
differential) 16/8 i 32/16 oo 16/8 oe 16/8 32/16 
Output 


Input Resoluuon 10 Bits 
12 Bits 

Output Resolution 8 Bits 
12 Bits 


Additional Features 
' DC/DC Converter 
Software PGA 
Gains of 1, 2,4, 8V/V 
‘Resistor PGA 
Gains of 1 to 1000V/V 
4-20mA Output 
Digital Output Drivers 


Volume II . 
Page 17-5 17-5 17-5 | 17-5 17-7 17-9 | 17-11 | 17-11 |] 17-19] 17-19 


MULTIBUS is a trademark of Intel Corporation. 


(continued on the next page) 
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MICROCOMPUTER BUS COMPATIBILITY 


| MOTOROLA TEXAS 
re INSTRUMENT 
MICROMODULE 

BUS TM990 BUS 


LLL 


Board Type Input 
Output 
Channel Capacity Input 
(Single ended/ 
differential) 32/16 as 32/16 es BAER 
Output 


Input Resoluaon _10 Bits 
12 Bits 

Output Resolution 8 Bits ee 
12 Bits 


Additonal Features 

DC/DC Converter 
Software PGA 

Gains of 1, 2,4, 8V/V 
Resistor PGA 

Gains of 1 to 1000V/V 
4-20mA Output 
Digital Output Drivers 


Volume II 
Page 17-13 | 17-13 | 17-13 | 17-15 | 17-15 | 17-15 | 17-15 | 17-17 | 17-17 | 17-17 
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AC/DC AND DC/DC POWER SUPPLIES 


MODULAR AC/DC POWER SUPPLIES 
SPECIFICATIONS (typical @ +25°C and 115V ac 60Hz unless otherwise noted) 


—~«— Chassis Mounted —3=—| <—_———— PC Board Mounted 


Type 


Dual 
Output 


Single 
Output 


Triple 
Output 


Model 


915 
904 


902 


955 
©0976 


: @972 


0974 


*Resistor Programmable 
@New product since 1980 Data-Acquisition Components and Subsystems Catalog 


Output 
Voltage 
Volts 


+15 
+15 


+lto +15* 


+15 


+lto +15* 


Output 
Current 
mA 


+75 
+50 


+100 
+ 100 


+ 200 


1000 
3000 


+150 
300 
+150 
1000 


Line Reg. Load Reg. Output 


Max 
% 


0.2 
0.02 


0.02 


0.02 


0.02 


0.05 


0.05 
0.05 


0.02 
0.02 
0.02 
0.02 


Max 
% 


0.2 
0.02 


Voltage 
Error Max 


+1% 

+ 200mV 
—0OmV 

+ 300mV 
—-OmV 

+ 300mV 
—OmV 

+ 300mV 
—OmV 
+1% 

+ 300mV 
—0OmV 


nae 
(-—0, + 300mV) 


(—0, + 300mV) 
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Ripple & 
Noise 


Dimensions 


mV rms Max Inches 


] 
0.5 


0.5 
0.5 


0.5 


] 

5 (typ) 
0.5 

0.5 

0.5 (typ) 


5 (typ) 


0.5 (typ) 
1.0 (typ) 
0.5 (typ) 
1.0 (typ) 


3.52.5 x 0.875 
3.52.5 «0.875 


3.52.5 1.25 
3.52.5 x 0.875 
3.52.5 1.25 


3.5x2.5x 1.62 
3.52.5 1.25 


3.52.5 x 0.875 
3.52.5 x 1.25 
3.52.5 1.25 
3.52.5 x 1.62 


3.52.5 x 1.25 


3.52.5 1.25 


3,5 x 2.5 x 1.62 


3.5x2.5X 1.62 


3.52.5 1.25 


3.5%2.5% 1.25 


4.4x2.7x 1.44 
4.4x2.7x 1.44 
4.4x2.7x 2.00 
4.4x 2.7 x 2.00 


4.4x2.7x 1.44 
4.75 x 2.7 x 2.00 


4.75 x 2.7 x 1.45 


4.75 X2.7 x 1.45 


| 


fe ae pao ee a ae a 


4 
; 


1 Ep lee sereieemeierss Eo: yet omigmapeneny : neti s ig 


! 
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MODULAR DC/DC CONVERTERS | 
SPECIFICATIONS (typical @ + 25°C over the full range of input voltages unless otherwise noted) 


Input 
Output Output Input Voltage Input Output ‘Temperature Efficiency 
Voltage Current Voltage Range Current Voltage Coefficient FullLoad Dimensions 

Model Volts mA Volts Volts FullLoad ErrorMax /°C Max Min Inches 
943 5 1000 5 4.65/5.5 1.52A + 1% + 0.02% 62% 2.0 x 2.0 x 0.375 
@957* 5 100 5 4.5/5.5 ~° 200mA + 5% + 0.01% (typ) 50% 1.25 x 0.8 x 0.4 
0958 5 100 5 4.5/5.5 200mA + 5% + 0.01% (typ) 50% 1.25 x 0.8 x 0.4 

941 +12: +150 5 4.65/5.5 1.17A + 0.5% + 0.01% 58% 2.0 x 2.0 x 0.375 
@959* +12 + 40 5 4.5/5.5 384mA + 5% + 0.01% (typ) 50% 1.25 x 0.8 x 0.4 
©960 a2 + 40 5 45/55 384mA + 5% + 0.01% (typ) 50% 1.25 x 0.8 x0.4 
e961* +15 + 33 e) 4.5/5.5 396mA +5% + 0.01% (typ) 50% 1.25 x 0.8 x 0.4 
©0962 +15 33 5 4.5/5.5 396mA + 5% + 0.01% (typ) 50% 1.25x0.8 x 0.4 
0963* +15 + 33 12V 10.8/13.2 165mA + 5% + 0.01% (typ) 50% 1.25 x 0.8 x 0.4 
©0964 +15 #33 12V 10.8/13.2 165mA + 5% + 0.01% (typ) 50% 1.25x0.8 x 0.4 
0965 sd Be +190 SV 4.65/5.5 1.7A + 1% +0.005%(typ) 62%(typ) 2.0*2.0x0.38 
©0966 +15 +190 12V 11.2/13.2 710mA +1% +0.005% (typ) 62%(typ) 2.02.0x0.38 
©0967 +15 +190 24V 22.3/26.4 350mA +1% +0.005% (typ) 62%(typ) 2.0x2.0x0.38 
©968 +15 + 190 28V 26/30.8 300mA +1% +0.005% (typ) 62%(typ) 2.0*2.0x0.38 

949 +15 +60** 5 4.65/5.5 0.6A +2% + 0.03% 58% 2.0 x 1.0 x 0.375 

940 a5 + 150 5 4.65/5.5 1.35A +0.5% +0.01% 62% 2.0 x 2.0 x 0.375 

953 +15 +150 12 11/13 0.6A +0.5% +0.01% 62% 2.0 x 2.0 x 0.375 

945 415 + 150 28 23/31 250mA + 0.5% +0.01% 61% 2.0 x 2.0 x 0.375 

951 +15 +410 5 4.65/5.5 3.7A +0.5% + 0.01% — 62% 3.5X2.5x0.88 | 

*Unfiltered Models 


**Single-ended or unbalanced operation is permissible such that total output current load does not exceed a total of 120mA. 


@New product since 1980 Data-A cquisition Components and Subsystems Catalog 
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Product Families Not in this Databook rr 
— (But Still Available) 


The information published in this Databook is intended to assist the user in choosing components for the design of new 
equipment, using the most cost-effective products available from Analog Devices. The popular product types listed below 
may have been designed into your circuits in the past, but they are no longer likely to be the most economic choice for 
your new designs. Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, 

_ and we are continuing to make these products available for use in existing designs or in designs for which they are uniquely 
suitable. Data sheets on these products are available upon request. 
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AD108/208/308 ADC-10Z RTI-1220 148 752 
AD108A/208A/308A ADC-12QZ RTI-1221 165 756 
AD111/211/311 ADC-141/171 SCDX1623, > 180 934 
AD351 ADC-16Q SCM 1677 183 942 
AD502 ADC1100 SDC1604 184 944 
AD511 ADC1102 SHA-1A 230 946 
AD512 ADC1103 SHA-2A 232 947 
AD514 ADC1105 SHA-3 233 956 
AD520 ADC1109 SHA-4 260 
AD523 ADC1111 SHA-5 272 
AD528 ADC1133 SHA-1114 273 
AD530 B100 SHA-1134 275 
AD531 BDM1615/1616/1617 SMC1007 276 
AD559 DAC-M SMX1004 285 
AD801 DAC-QG SMX2607 288 
AD2003 DAC-QM SRX1005 310 
AD2008 DAC-QS SRX2605 311 
AD2020 DAC-QZ STX1003 424 
AD2022 DAC-10DF STX2603 426 
AD2023 DAC-10Z 40 428 
AD3900 Series DAC1009 42 432 
AD7513 DAC1118 43 434 
AD7519 DAC1125 44 435 
AD7570 DAC1132 45 440 
AD7583 DAC1137 46 44] 
ADC-QM DAS1150 105 452 
ADC-QU DAS1151 118 605 
ADC-8S DGM1040 119 606 
MDA-F 141 610 
MDA-10Z 146 751 


. ; Substitution Guide for Product Families 
No Longer Available 


The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions 
and performance may be obtained with newer models, but—as a rule-they are not directly interchangeable. The closest 
recommended Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is 
listed, or for further information, get in touch with Analog Devices. 


Closest 


Closest 

Recommended ~ Recommended 
Model Equivalent Model Equivalent 
ADS01 ADS11 107 118 
ADS05 ADS509 108 52 
ADS508 ADS517 110 48 
ADS513 ADS03 111 AD308 
ADS16 AD506 114 119 
ADS550 None 115 43 
ADS551 None 120 50 
ADS553 None 142 48 
ADS555 AD7519 143 52 
AD810-813 None 149 50 
AD814-816 None 153 ADS517 
AD818 None 161 165 
AD820-822 None 163 165 
AD830-833 None 170 171 
AD835-839 None 220 234 
AD840-842 None 231 233 
AD7516 AD7510DI 274J 284] 
ADC1121 AD7550 279 286] 
ADMS01 ADMS01/506 280 281 
ADPS501 ADP511 282] 292A 
DAC-10H DAC-10Z 283] 292A 
DAC1112 DAC12QS 301 (module) 52 
DAC1122 AD7541 302 310 (module) 
IDC1703 IRDC1730/1731 350 None 
MDA-LB None 427 424 
MDA-LD None 602J10 AD612 
MDA-UB None 602] 100 AD612 
MDA-UD None 602K 100 AD612 
MDA-8H MDA-10Z 603 AD612 
MDA-10H MDA-10Z 901 904 
MDA-11MF AD7521 907 921 
SERDEX wMAC-4000 908 921 
SHA-6 SHA1144 909 921 
SSCT 1621 None 931 None 
TSDC1608-1611 TSL1612 932 None 
2N3954 None 933 None 
2N5900 None 935 None 
4] ADSI15 948 947 
47 48 971 921 
101 (module) 45 
102 48 
106 118 
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_ Analog Devices provides a wide array of FREE technical publi- 
cations. These include data sheets for all products, catalogs, 
Application Notes and Guides, and two serial publications: 
Analog Productlog, a digest of new-product information, and 

_ Analog Dialogue, our technical journal, with in-depth discussions 
of products, technologies, and applications. 


© In addition to the free publications, three technical handbooks, 


_aset of Analog-Digital Conversion Notes, and Synchro and Resolver 
Conversion, published at the end of 1980, are available at reasonable 
cost. 


A brief description of this literature appears below. If you would 
like copies, or if you want to receive Analog Productlog and 
Analog Dialogue, please get in touch with Analog Devices or 
your nearby sales office. 


CATALOGS 

DAFA ACQUISITION PRODUCTS DATABOOK (this book) 
Two volumes of data sheets for all Analog Devices ICs, hybrids, 
modules, and subsystems recommended for new designs. 


1981-1982 SHORT-FORM GUIDE to Electronic Products for 
Precision Measurement & Control 
A 48-page catalog of all ADI Products. 


APPLICATION NOTES AND GUIDES 


ISOLATION AND INSTRUMENTATION AMPLIFIER 
DESIGNERS GUIDE 

This guide explains, in detail, the differences between isolation 
and instrumentation amplifiers, and the applications for which 
each type is optimized (24 pages). 


MULTIPLIER (Analog) APPLICATION GUIDE 
Over 30 workable applications for the ubiquitous multiplier. 
Circuits, specifications and theory (50 pages). 


APPLICATION GUIDE TO CMOS MULTIPLYING D TO 
A CONVERTERS 

This 44-page guide includes detailed information on the internal 
design and successful application of CMOS MDACs. Typical 
circuits discussed include measurement, function generation, 
programmable filters, and audio control. 


IC VOLTAGE TO FREQUENCY CONVERTER APPLI- 
CATION NOTES 
Twenty-four pages of V to F converter applications. 


A USER’S GUIDE TO IC INSTRUMENTATION 
AMPLIFIERS 

Application note tells how they work, explains their specifications 
and provides an example of error budget computation (12 


pages). 


AN IC AMPLIFIER USER’S GUIDE TO DECOUPLING, 
GROUNDING, AND MAKING THINGS GO RIGHT FOR 
A CHANGE (8 pages) 

A down-to-earth application note on the often ignored topic of 

ground management in combined analog and digital systems. 


UNDERSTANDING HIGH SPEED (Video) A/D CONVER- 
TER SPECIFICATIONS 
A sixteen-page profusely illustrated application note. 


DESIGNER’S GUIDE TO HIGH-RESOLUTION 
PRODUCTS 

20-page brochure describes how to use 14-, 16-, and 18-bit Data ¢ 
Converters and where to apply them. 


- 


MACSYM SYSTEM NOTES: 
Multitasking, RS-232 Interface, and P-I-D Control Loops 


BOOKS 

SYNCHRO & RESOLVER CONVERSION (1980). 

Edited by Geoffrey Boyes 

Everything you nee to know about interfacing synchros, resolvers, 
and Inductosyns'™ to digital and analog circuitry. $11.50 


TRANSDUCER INTERFACING HANDBOOK (1980) 

A Guide to Analog Signal Conditioning 

Edited by D.H. Sheingold 

A book for the electronic engineer who must interface temperature, 
pressure, force, level or flow transducers to electronics, these 
260 pages tell how transducers work-as circuit elements—and 
how to connect them to electronic circuits for effective processing 
of their signals. Hardcover $14.50 


MICROPROCESSOR SYSTEMS HANDBOOK (1977) 

by Dr. D. Philip Burton and Dr. A. L. Dexter 

Two hundred pages of concise explanation of microprocessor 
hardware and software, and how to interface to A/D and D/A 
converters. Hardcover $9.50 


ANALOG-DIGITAL CONVERSION NOTES (1977) 
Edited by D.H. Sheingold 


- A250-page guide to A/D and D/A converters and their applications, 


illustrated by more than 275 diagrams and tables. $5.95 


NONLINEAR CIRCUITS HANDBOOK (1974) 

Edited by D. H. Sheingold 

A 540-page guide to multiplying and dividing, squaring and 
rooting, rms-to-dc conversion, and multifunction modules with 
325 illustrations. Principles, circuitry, performance, specifications, 
testing, and application of these devices. $5.95 
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rldwide Service Directory 


North America 
Alabama Kansas New Hampshire South Dakota 
(205) 536-1506 (B) *(312) 653-5000 (B) *(617) 329-4700 (B) *(312) 653-5000 (B) 
Niaska (913) 888-3330 (C) New Jersey (612) 835-2414 (C) 
*(617) 329-4700 (B) (913) 649-6996 (S) *(617) 329-4700 ne cone 
*(714) 842-1717 (B)—- Kentucky eee (205) 536-1506 (B) 
*(312) 653-5000 (B) *(201) 967-1126 (S) 
Arizona Texas 
(317) 244-7867 (C) TO eyo-reey: = AG 
*(714) 842-1717 (B) *(214) 231-5094 (B) 
(602) 949-0048 ~—(C) (513)426-5551 = (C)_ = New Mexico *(713) 664-6704 — (C) 
Louisiana (505) 262-1416 (B) *(713) 664-5866 (S) 
Arkansas 
*(713)664-6704 (Cc) = *(773)664-5866 = (S)_—*(617) 329-4700 (BY). (744) 842-1717_—(B) 
*(713) 664-5866 - (S) Maine (201)967-1126 ——(S) (801) 268-8707 _—(C) 
*(617) 329-4700 (B) (516) 673-1900 (C) aes 
California (315) 454-9314 (C) ; 
*(714) 842-1717 B Maryland (800) 962-5701 (C) (617) 329-4700 (B) 
(714) 842- (B) (215) 643-7790 ~——(B) ese 
*(408) 947-0633 (B) North Carolina irginia 
Colorado (301) 788-2380 {S) Sele die ic (304) 276-3979 (Si 
*(714) 842-1717 (B) Massachusetts eee: oe 
(303) 443-5337 (C) North Dakota | Washington 
*(617)329-4700 —(B) aS F B *(206) 251-9550 —(C) 
Connecticut ahs (312) 653-500 (B) 
*(617) 329-4700 B Michigan (612) 835-2414 (C) (206) 451-8223 (S) 
16 17).329: (B) ——-*(342)653-5000 _—(B) ae 
(516) 673-1900 (C) Ohio West Virginia 
*(313) 644-1866 (S) *(614) 764-8795 C *(614) 764-8795 (C) 
Delaware (313) 882-1717 (C) ( ) ‘ (C) (412) 487-3801 (C) 
*(215) 643-7790 (B) AL eae cram ee 
Munnesots *(614) 764-8870 (S) (804) 276-3979 (S) 
Florida (312) 653-5000 (B) (216) 321-3328 (C) Wisconsin 
(305) 855-0843 (B) (612) 835-2414 (C) (513) 426-5551 (C) *(312) 653-5000 (B) 
Georgia Mississippi Oklahoma (414) 784-7736 (C) 
(404) 476-3107 (B) (205) 536-1506 (B) *(214) 231-5094 (B) Wyoming 
Hawaii Missouri *(713) 664-6704 (C) *(714) 842-1717 (B) 
*(714) 842-1717 (B) *(312) 653-5000 (B) Oregon (303) 443-5337 (C) 
Idaho (314) 725-5361 (C) *(206) 251-9550 — (C) Puerto Rico 
*(206) 251-9950 (c) ~—=— (314) 878-5042 {S) (503)641-4463  (S)_~—-*(617) 329-4700 —(B) 
(303) 443-5337 (C) Montana Pennsylvania (305) 855-0843 (S) 
(206) 451-8223 (S) *(714) 842-1717 (B) *(215) 643-7790 (B) Canada 
Illinois (303) 443-5337 (C)_ (614) 764-8795 —(C) (416)625-7752 —(B) 
*(312) 653-5000 (B) Nebraska *(216) 531-9455 (S) (613) 722-7667 (B) 
(312) 446-9085 (C) *(312) 653-5000 (B) (412) 487-3801 (C) (514) 694-5343 (B) 
ladiana (913) 888-3330 (C) Rhode Island (604) 984-4141 (B) 
*(312) 653-5000 (B) Nevada *(617) 329-4700 (B) Mexico 
(317) 244-7867 (C) *(408) 947-0633 (B) South Carolina *(617) 329-4700 (B) 
lowa *(714) 842-1717 (B) (919) 273-3040 (C) 
*(312) 653-5000 _—(B) (505) 262-1416 = =——_(B) (803) 254-1971 (S) 
(C) 


Argentina 
37-9890 


Australia 
02/43 93288 
580 7444 


Austria 
235-5550 

Belgium — 

*031/37 48 03 


Brazil 
230-0277 


CMEA COUNTRIES 


*022/31 57 60 
(Switzerland) 
0222/859304 
(Austria) 
Denmark 
*02/84 58 00 


Finland 
90-738265 


France 
*01-687-3411 
*76 222190 
-*61 40 85 62 
*33 26 07 61 


Holland 
*016/20-51080 


(C) 


(B) 
(B) 


(B) 


(B) 


(C) 


(B) 


(C) 


(B) 


(B) 


(B) 
(B) 


(B) 


(B) 


(B) 


Hong Kong 
*(617) 329-4700 
(U.S.A.) 
India 
664850 


lreland 
*01941 0466 


(United Kingdom) 


Israel 
*052-28995 


Italy 

*02/6898045 

*6894924 
02/9520551 
051/555614 
049/652909 
06/316204 
55/894115 
011/6503271 


Japan 
*03 2636826 
*06 3721814 


Korea 
423-3101/5 
Malaysia 
2723023 
(Singapore) 


*ANALOG DEVICES, INC. DIRECT SALES OFFICES 


B- ALL PRODUCT LINES 
C— COMPONENT & COMPONENT TEST SYSTEMS 
S-SYSTEMS 


WORLDWIDE HEADQUARTERS 
ONE TECHNOLOGY WAY @ P.O. BOX 280 © NORWOOD, MASSACHUSETTS 02062 U.S.A. 


Tel: (617) 329-4700, FAX: (617) 326-8703, Twx: (710) 394-6577, Telex: 924491 


Cable: ANALOG NORWOODMASS 
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(B) 


(B) 
(B) 
(C) 
(C) 
(C) 
(C) 
(C) 
(C) 


(B) 


(B) 


(B) 


(C) 


New Zealand 
595-525 
598-202 
850-243 
67-692 


Norway 
(02) 60 46 97 


People’s Republic 


of China 
*(617) 329-4700 

(U.S.A.) 
Romania 
*022/31 5760 

(Switzerland) 
Singapore 

2723023 


South Africa 
786-5150 
37-9224 


Spain 
93/3017851 
91/4563151 
94/4150893 


Sweden 
*08-282740 


(B) 
(B) 
(B) 
(B) 


(B) 


(B) 


(B) 


(B) 


(B) 
(B) 


(B) 
(B) 
(B) 


(B) 
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International 


Switzerland 
*022/31 5760 


Taiwan 
02 7710940 
02 701 6462 


United Kingdom 


*01941 0466 


West Germany 
*089/514010 
*04187381 
*0721616075 
*030316441 
*0221686006 


Yugoslavia 
*022/31 5760 
(Switzerland) 


(B) 


(C) 
(S) 


(B) 


(B) 
(B) 
(B) 
(B) 


(B) 


(B) 
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COMPLETE DATABOOK IN TWO VOLUMES: 


Volume I: Integrated Circuits 
Volume Il: Modules-Subsystems 


See Section 2 of either Volume for Complete Index 
to all Analog Devices Data- Acquisition Products. 
WORLDWIDE HEADQUARTERS 


One Technology Way, P.O. Box 280, Norwood, MA 02062 U.S.A. 
Tel: (617) 329-4700, Twx:(710) 394-6577, Telex: 924491, Cable: ANALOG NORWOODMASS 


